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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of 211158 are owned by Amneal Pharmaceuticals LLC or are 
data for which Amneal Pharmaceuticals LLC has obtained a written right of reference.
Any information or data necessary for approval of 211158 that Amneal Pharmaceuticals 
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 
211158.
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1 Executive Summary
1.1 Introduction
Tygacil (tigecycline, NDA 21821) was initially approved in the US in 2005 for the 
treatment of adults with complicated skin and skin structure infections and complicated 
intra-abdominal infections, and in 2009 for community-acquired bacterial pneumonia. 
The Applicant, Amneal Pharmaceuticals LLC, submitted this 505(b)(2) new drug 
application (NDA) for its proposed tigecycline product, relying on FDA’s previous 
findings of safety and efficacy for the Reference Listed Drug (RLD) Tygacil (tigecycline) 
for injection,  50 mg/vial (NDA 021821); on available published literature; and the most 
recent RLD label update (June, 2016). The Applicant’s product contains the same active 
ingredient, tigecycline, at the same concentration as in the RLD and is intended to be 
administered by the same route and using the same dose and dosing regimen as the 
RLD. The Applicant’s formulation contains the excipient L-arginine instead of lactose 
monohydrate used in the RLD. The recommended dosing regimen for the proposed 
Tigecycline is the same as the RLD, which is an initial dose of 100 mg, followed by 50 
mg every 12 hours.

Tigecycline is a glycylcycline (derivative of tetracycline antibiotics) and inhibits protein 
translation in bacteria by binding to the 30S ribosomal subunit and blocking entry of 
amino-acyl tRNA molecules into the ribosome. This prevents incorporation of amino 
acid residues into elongating peptide chains. 

1.2 Brief Discussion of Nonclinical Findings
The Applicant has not performed any new nonclinical toxicology, genotoxicity, 
carcinogenicity, reproductive toxicity, or special toxicity studies with the drug product in 
support of this application. The general toxicology of tigecycline was extensively 
characterized as part of the development program for the RLD, Tygacil, and the 
Applicant did not duplicate these studies. 

1.3 Recommendations

1.3.1 Approvability: Pharmacology/Toxicology has no objection to the approval of 
Tigecycline for injection considering the acceptance of the Chemistry review team of the 
Applicant’s latest proposed specifications for the impurity  in the drug product 
(refer to the CMC review by Dr. Erika Englund submitted to the Platform).

1.3.3 Labeling:  
Upon request by the Division, the Applicant revised their label to comply with current 
PLR standards. Sections 8.1, 8.2 and 8.3 of the Applicant’s revised label were modified 
by the Division of Pediatric and Maternal Health (DPMH) and the reviewer. Specifically, 
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with regard to Pharmacology/Toxicology modifications, preclinical data were 
summarized in Risk Summary of section 8.1 and 8.2 and relevant details of the 
preclinical studies were included in Animal Data only for Pregnancy, but not for 
Lactation. 

Applicant’s label:

8.1 Pregnancy 

Risk Summary

In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively.

8.2 Lactation

Risk Summary

The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for tigecycline and any potential adverse effects on the 
breastfed child from tigecycline or from the underlying maternal condition [see Warnings 
and Precautions (5.7)]. 
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Modified Label Containing the Agency’s Recommended Changes:

8.1 Pregnancy 

Risk Summary

Tigecycline for injection, like other tetracycline class antibacterial drugs, may cause 
permanent discoloration of deciduous teeth and reversible inhibition of bone growth 
when administered during the second and third trimesters of pregnancy [see Warnings 
and Precautions (5.6) (5.7), Data, and Use in Specific Populations (8.4)]. There are no 
available data on the risk of major birth defects or miscarriage following the use of 
tigecycline during pregnancy. Administration of intravenous tigecycline in pregnant rats 
and rabbits during the period of organogenesis was associated with reduction in fetal 
weights and an increased incidence of skeletal anomalies (delays in bone ossification) 
at exposures of 5 and 1 times the daily human dose based on AUC in rats and rabbits, 
respectively. Advise the patient of the potential risk to the fetus if Tigecycline for 
Injection is used during the second or third trimester.

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background risk of birth defect, loss, or 
other adverse outcomes. In the U. S. general population, the estimated background risk 
in clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively.

Data
Human Data

The use of tetracycline-class antibacterial drugs, that includes tigecycline, during tooth 
development (second and third trimester of pregnancy) may cause permanent 
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discoloration of deciduous teeth. This adverse reaction is more common during long-
term use of the drug but has been observed following repeated short-term courses.

Animal Data

Tigecycline was not teratogenic in the rat or rabbit. In preclinical safety studies, 14C-
labeled tigecycline crossed the placenta and was found in fetal tissues, including fetal 
bony structures. The administration of tigecycline was associated with reductions in fetal 
weights and an increased incidence of skeletal anomalies (delays in bone ossification) 
at exposures of 5 and 1 times the human daily dose based on AUC in rats and rabbits, 
respectively (28 mcg·hr/mL and 6 mcg·hr/mL at 12 and 4 mg/kg/day). An increased 
incidence of fetal loss was observed at maternotoxic doses in the rabbits with exposure 
equivalent to human dose.

8.2 Lactation

Risk Summary

There are no data on the presence of tigecycline in human milk; however, tetracycline-
class antibacterial drugs are present in breast milk. It is not known whether tigecycline 
has an effect on the breastfed infant or on milk production. Tigecycline is present in rat 
milk. When a drug is present in animal milk, it is likely that the drug will be present in 
human milk. Tigecycline has low oral bioavailability; therefore, infant exposure is 
expected to be low. 

The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for Tigecycline for injection and any potential adverse 
effects on the breastfed child from Tigecycline for injection or from the underlying 
maternal condition (see Clinical Considerations). 

Clinical Considerations
Because of the theoretical risk of dental discoloration and inhibition of bone growth, 
avoid breastfeeding if taking tigecycline for longer than four weeks. A lactating woman 
may consider interrupting breastfeeding and pumping and discarding breastmilk during 
administration of Tigecycline for Injection and for 9 days (approximately 5 half-lives) 
after the last dose in order to minimize drug exposure to a breastfed infant.  

2 Drug Information
2.1 Drug
CAS Registry Number: 220620-09-7
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2.4 Comments on Novel Excipients
There are no novel excipients. The proposed product contains the excipient L-arginine, 
not found in the RLD Tygacil. The administration of Amneal’s tigecycline for injection 
product to patients would result in an initial daily arginine exposure of 150 mg (day 1 of 
therapy) and a daily exposure of 100 mg over the remaining duration of treatment 
(recommended 5-14 days). However, there is an FDA-approved tigecycline product that 
contains L-Arginine in the amount of 82.6 mg per vial, which amounts to a maximum 
daily dosing of 247.8 mg. The Applicant also justifies their level of L-Arginine by stating 
that Arginine is present in other FDA approved drug products, such asAztreonam for 
injection and Teflaro at levels higher than what is present in their tigecycline drug 
product. Moreover, arginine is classified as a semi essential/conditionally essential 
amino acid (Morris, 20071) and the average intake of arginine from the diet of a healthy 
adult is estimated at between 2.5 and 5 g/day of which about 60% is metabolized by the 
gastrointestinal tract prior to reaching the systemic system (Gad, 20102; Böger and 
Bode-Böger, 20013). Furthermore, in a published study, designed as a crossover study, 
L-arginine (30 g) was administered to fasted healthy volunteers as a 30 min intravenous 
infusion in a total volume of 300 mL or again 1 week later, orally (10 g) as a solution. In 
this study, L-arginine was well tolerated with local irritation and phlebitis reported only 
for the high intravenous dose (Tangphao et al.,19994). There are no 
Pharmacology/Toxicology concerns about L-Arginine in the proposed drug product.

2.5 Comments on Impurities/Degradants of Concern

The CMC reviewer, Dr. Erika Englund confirmed that the Applicant tightened the 
specified limit of the impurity,  from NMT % to NMT % to be consistent with 
the limits described in the USP monograph for tigecycline for injection. However, the in-
use stability studies of the reconstituted product (in dextrose, saline and lactated 
ringer’s injection) showed that the  increased up to % at 24 hours in solution. 
Since this trend is observed in other approved tigecycline products, there were no 
Pharmacology/Toxicology issues with the increase in  seen in the reconstituted 
drug product over 24 hours (refer to the CMC review by Dr. Erika Englund in the 
Platform).

3 Integrated Summary
The Applicant is submitting a 505(b)(2) new drug application (NDA) for Tigecycline for 
Injection, 50 mg/vial. Amneal is relying on FDA’s previous findings of safety and efficacy 
for the RLD, Tygacil (tigecycline) for injection, 50 mg/vial (NDA 021821) and on 
available published literature. The nonclinical toxicity of tigecycline has been well 
characterized in both in vitro and in vivo studies during the development of Tygacil. 
Hence, the Applicant did not submit any new nonclinical studies to support this NDA. 

1 Morris SM Jr. Arginine metabolism: boundaries of our knowledge. J Nutr. 2007 Jun;137(6 Suppl 2):1602S-1609S.
2 Gad M Z. Anti-aging effects of L-arginine. J Adv Res (2010) 1, 169–177
3 Böger RH, Bode-Böger SM. The clinical pharmacology of L-arginine. Annu Rev Pharmacol Toxicol. 2001;41:79-99.
4 Tangphao O, Grossmann M, Chalon S, Hoffman BB, Blaschke TF. Pharmacokinetics of intravenous and oral L-arginine in normal 
volunteers. British Journal of Clinical Pharmacology. 1999;47(3):261-266. 
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Amneal’s proposed formulation contains the inactive ingredient L-Arginine at a 
concentration of 50 mg per vial. FDA’s Inactive Ingredient database indicates that 
arginine has been previously approved for products intended for IV infusion at 
concentrations higher than the proposed drug product, including another tigecycline for 
injection product. Moreover, the average dietary intake of arginine is estimated at 
between 2.5 and 5 g/day of which about 60% is metabolized by the gastrointestinal tract 
prior to reaching the systemic system; and the safety of arginine was demonstrated in a 
published trial in fasted healthy volunteers.  

With regards to the impurity profile, the Applicant tightened the limit of the impurity,
 from NMT % to NMT % to be consistent with the limits in the USP monograph 

for tigecycline. The in-use stability studies of the reconstituted product showed that the 
 increased after 24 hours in solution, which does not pose a safety issue, as this 

trend is observed in other approved tigecycline products as well.

The label for the proposed drug product was changed to comply with current labeling 
standards according to PLR. Upon request the Applicant revised their label to comply 
with PLR, for which recommendations for revisions were provided by the reviewer and 
DPMH. The Applicant proposed no changes to any other pharmacology/toxicology 
relevant sections of the labeling. There were no other Pharmacology/Toxicology 
reviewer edits to any other parts of the label.

In sum, the information submitted in this application is acceptable and there are no 
objections to the approval of this drug product from a Pharmacology/Toxicology 
perspective.
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