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Table 2: Impurity Specification Justification (FDA Table) 
Impurity New 

Proposed 
specification

Daily delivered dose of 
impurity at pemetrexed 

clinical dose of 500 mg/m2*

Delivered dose of 
impurity to micea at 

highest non-lethal dose of 
pemetrexed

Specification 
justified by 

nonclinical data?

Yes

Yes

Yes

NMT = No more than; * = Recommended clinical dose of Pemetrexed Injection is 500 mg/m2 IV on the first day of each 21-day cycle; 
 a = 28-day mouse qualification Study #31777

The nonclinical team reviewed the submitted Pemetrexed Injection label and made minor edits in 
Sections 2 7  5 7  8 3, 12.1, 13.1, 15, 16, and 17 to reflect current labeling practices, including 
revising  to “hazardous” in Sections 2.7 and 16 to be consistent with OSHA, and 
updating the OHSA Hazardous Drugs website in Section 15. In addition, the exposure ratio in 
Section 13.1 was revised from  to 0.0006 times to reflect the correct exposure calculation 
[0.1 mg/kg in mice (0.3 mg/m2) is approximately 0.0006 times the recommended human dose of 
500 mg/m2 based on BSA]. There are no outstanding issues from a pharmacology/toxicology 
perspective that would prevent final approval of this 505(b)(2) application for the proposed 
indications.
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1 Executive Summary
1.1 Introduction:
Sandoz has submitted NDA 214657 for Pemetrexed Injection under the 505(b)(2) 
pathway and is relying primarily on FDA’s prior findings of safety and effectiveness for 
the listed drug Alimta to support the pharmacology and toxicology requirements for a 
new drug application. Pemetrexed Injection (25 mg/mL) is a ready-to-dilute formulation 
of pemetrexed with different excipients than the listed drug, Alimta. Sandoz has 
submitted limited pharmacokinetic and toxicology studies comparing its Pemetrexed 
Injection formulation to Alimta in order to help support the safety of the formulation and 
to qualify any novel impurities present in the Sandoz 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. The Applicant 
conducted a toxicology study using their proposed formulation of pemetrexed in the 
presence or absence of impurities potentially present in this presentation at levels 
above the ICHQ3B limits, though the final formulation of Pemetrexed Injection does not 
include any impurities that require qualification. Weekly intravenous administration of 
pemetrexed disodium with or without related impurities at % for 4 weeks 
followed by a 2-week recovery period did not cause any mortality, or changes in clinical 
signs, clinical chemistry or hematology in CD1 mice at pemetrexed doses approximately 
equal to the 500 mg/m2 clinical dose of the listed drug. The major findings, regardless of 
impurities, were changes in the male reproductive organs including macroscopic 
findings of small testes and histological findings of tubular degeneration of the testes 
and oligospermia in the epididymides that were not reversible by the end of the recovery 
period. There were no macroscopic or histological changes in female animals in this 
study. Overall, there were no clear toxicological differences between the pemetrexed 
active control and pemetrexed enriched with related impurities; pemetrexed-related 
findings were consistent with the described nonclinical findings for the listed drug.

The Applicant’s proposed formulation of pemetrexed includes excipients not included in 
the listed drug and present at levels higher than levels described for other products 
included in the inactive ingredient database, specifically high levels of sodium 
thiosulfate (STS) and propylene glycol.  STS is approved clinically for the treatment of 
cyanide poisoning and there are decades of clinical experience for its use in this as well 
as other indications at doses higher than those delivered at the proposed dose of 
pemetrexed. The safety of propylene glycol at the levels included in the currently 
proposed pemetrexed formulation is supported by extensive toxicological reviews 
propylene glycol conducted by US and other international government agencies 
including NTP-CERHR and the Agency for Toxic Substances and Disease Registry 
(ATSDR).  Based on these data there are no safety concerns for the levels of either 
STS or PG in the currently proposed formulation.  The CMC team did not request 
further nonclinical assessment of any impurities, leachables, or extractables for the 
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proposed formulation and there are no outstanding issues from a nonclinical 
perspective that would prevent approval of Sandoz’s Pemetrexed Injection.

1.3.1 Approvability
The product is approvable.
1.3.2 Additional Non-Clinical Recommendations
None
1.3.3 Labeling
The nonclinical recommendations to the Applicant’s proposed labeling are primarily 
based on the listed drug, were discussed internally, and will be communicated to the 
Applicant. 

2 Drug Information
2.1 Drug

Generic Name
Pemetrexed Injection

Code Name
None

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

Molecular Formula/Molecular Weight

Structure or Biochemical Description:

(Figure excerpted from Applicant’s NDA)

Pharmacologic Class: Folate antimetabolite

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 021462 for pemetrexed disodium (Alimta®), the referenced listed drug.
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of propylene glycol administration in multiple animal species as well as humans with 
heavy reliance on studies and reviews conducted by US agencies including NTP-
CERHR2 and the Agency for Toxic Substances and Disease Registry (ATSDR)3.  Key 
points cited in the EMA report include that the oral bioavailability of propylene glycol is 
close to 100% in all tested species including humans, making oral toxicity studies 
relevant for the overall safety assessment of IV administration, and that the saturation of 
propylene glycol metabolism occurs at lower doses for humans than for rats/rabbits (0.2 
g/kg vs 2 g/kg, respectively).  Clinical toxicities associated with high doses of propylene 
glycol include confusion, hyperosmolality, lactic acidosis, acute intoxication, and acute 
kidney injury.

Table 1: PG Limits for Excipients in EMA Report

(Excerpted from the 2014 EMA Report on the safety of propylene glycol as an excipient)

The maximum amount of propylene glycol assuming a maximum pemetrexed dose of 
1000 mg would be 2 g (~ 20-40 mg/kg or 1.1 g/m2) given once every three weeks.  At 
this level, the amount of propylene glycol is below the saturation rate for metabolism in 
humans and well below the PDE safety limit of 500 mg/kg for people ≥ 5 years old 
identified in the EMA report and the PDE of 25 mg/kg as a food additive allowed by the 
WHO.  While the PDE in humans from this report is based primarily on longer duration 
exposures, the proposed level in the current pemetrexed formulation is also below the 
50 mg/kg level for younger children and consistent with PDEs calculated based on 
animal data, primarily using data from oral gavage studies. Therefore, based on the 
available safety data, the amount of propylene glycol in the proposed formulation is 
acceptable from a safety standpoint.

2.5 Comments on Impurities/Degradants/Leachables/Extractables of 
Concern
The CMC team did not identify any leachables or extractables at levels that required a 
nonclinical assessment of safety.

2 National Toxicology Program Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR) 
(2004). Monograph on the Potential Human Reproductive and Developmental Effects of Propylene 
Glycol. NIH Publication No. 04-4482. 

3 Agency for Toxic Substances and Disease Registry (1997). Toxicological profile for ethylene glycol and 
propylene glycol. 
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Organ Weights Groups 2, 3, and 4 – Reduced testes weights

Changes in Organ Weights Compared to Control Group 1 at 
the End of Treatment Period (Test Day 30)

Group 2 Group 3 Group 4Organ
Pemetrexed 
active 
control

 
Pemetrexed 
related 
impurities

% 
Pemetrexed 
related 
impurities

Relative -57**Testis, 
left Absolute -57**

Relative -58**Testis, 
right Absolute -58**

** - statistically significant at p≤0.01
Test item-related changes in form of reduced testes weights 
were still present at the end of 2-week recovery period.

Histopathology
Adequate battery: 
Yes

See Table 7 for details

Toxicokinetics
other 
evaluations]

Not done

Table 7:  Histopathology
Sex Males Females
Group 1 2 3 4 1 2 3 4
Number of animals 10 10 10 10 10 10 10 10
Epididymides, left, oligospermia, 

minimal
0 0 5 0 - - - -

     mild 0 8 1 5 - - - -
      moderate 0 0 0 2 - - - -
Epididymides, right, infiltration, 

lymphocytic, focal, minimal
1 0 0 0 - - - -

                                        mild 1 0 0 0 - - - -
Oligospermia, minimal 0 0 4 0 - - - -

                            mild 0 8 1 4 - - - -
                             moderate 0 0 0 2 - - - -
Intestine, cecum, hyperplasia, 

lymphoid, mild
0 0 0 0 1 1 0 1

                    moderate 0 0 0 0 0 0 0 1
Larynx, infiltration, lymphocytic, focal, 

minimal
0 0 0 0 0 0 0 2

Lungs, inflammation, chronic, focal, 
minimal

0 0 0 1 0 0 0 0
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Sex Males Females
Group 1 2 3 4 1 2 3 4
Number of animals 10 10 10 10 10 10 10 10
      Hemorrhage, focal, moderate 0 0 0 0 0 0 0 1
Testes, left, degeneration, minimal 0 0 3 0 - - - -
                                           mild 0 1 3 4 - - - -
                                           moderate 0 7 2 4 - - - -
                                            marked 0 1 1 2 - - - -
Testes, right, degeneration, minimal 0 0 3 0 - - - -
                                            mild 0 2 3 4 - - - -
                                            moderate 0 6 2 4 - - - -
                                             marked 0 1 1 2 - - - -
Thyroid gland, left, dilation, glandular, 

multifocal, mild
0 0 0 1 0 0 0 0

Urinary bladder, infiltration, 
lymphocytic, multifocal, minimal

0 0 0 0 0 0 0 1

Uterus, infiltration, neutrophilic, 
cervical, minimal

- - - - 3 3 0 3

                   mild - - - - 0 3 0 2
                   moderate - - - - 0 1 0 1
Vagina, infiltration, neutrophilic, 

minimal
- - - - 2 3 0 3

        mild - - - - 0 2 0 2
        moderate - - - - 0 2 0 2
    Cyst, keratinized, focal, moderate - - - - 0 0 0 1
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