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1 Recommendation on Regulatory Action
The reviewer recommends approval of this 505 (b)(2) application for tigecycline for the 
indications of complicated skin and skin structure infections, complicated intra-
abdominal infections, and community-acquired bacterial pneumonia.

2 Regulatory Background and Review Summary
This 505(b)(2) NDA was initially submitted on July 31, 2013. The Reference Listed Drug 
(RLD) is Tygacil® (tigecycline) for Injection marketed under NDA 21821. The 
Applicant’s product contains the same active pharmaceutical ingredient, tigecycline, to 
be administered as a solution of the same dosage strength and at the same dose as 
that of the RLD. The only difference with the RLD is the substitution of L-arginine for 
lactose monohydrate as a  

The submission did not include any new clinical or statistical information. Upon completion 
of the review of the initial submission the clinical reviewer recommended approval of the 
NDA. However, several deficiencies related to chemistry manufacturing and control 
(CMC) and the manufacturing facility prevented approval and a complete response 
letter was issued on May 30, 2014. Briefly, the deficiencies were as follows: 

1. Inspection of the Grand Island, NY, manufacturing facility for the application by the 
FDA field investigator found deficiencies that required resolution. 

2. The mutagenic potential of an impurity, , needed to be 
evaluated.

3. Physical and chemical compatibility data supporting the drug product compatibility 
with drugs listed in Section 2.4 of the proposed package insert needed to be 
provided.

In addition, the Applicant was asked to provide results of the extractable and leachable 
studies for the proposed  rubber stopper.

On May 29, 2015 the Applicant resubmitted the NDA and provided reply to the complete 
response letter. The submitted Quality Information Amendment does not include 
additional clinical information and the application remains approvable from the clinical 
reviewer perspective based on the information provided in the initial submission. 
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1.0 Introduction

NDA 205645, Tigecycline for Injection, 50 mg/vial, submitted by Fresenius Kabi, USA, LLC
provides for a new formulation of injectable tigecycline to be used for the treatment of the same 
indications as listed in the drug labeling for Tygacil® (tigecycline) Injection. This NDA was 
submitted as a 505(b)(2) application and the listed drug is Tygacil® (tigecycline), 50 mg/vial,
held by PF Prism CV (NDA 21821). Tygacil® (tigecycline) is approved for the treatment of the 
following indications:

! Complicated Intra-abdominal Infections
! Complicated Skin and Skin Structure Infections
! Community Acquired Pneumonia

2.0 Background

The proposed drug product, Tigecycline for Injection, 50 mg/vial, is a new formulation of 
tigecycline for injection. The drug product differs from the listed drug in that it contains arginine 
as an excipient. The listed drug contains 50 mg tigecycline and 100 mg of lactose monohydrate. 
No clinical data have been submitted in this application. The majority of the information 
submitted in the NDA relates to the chemistry, manufacturing and controls used in the 
manufacture of the proposed tigecycline drug product. 

Several information requests were sent to the applicant during the review cycle; responses to 
some of the issues included in the information request dated March 21, 2014 and responses to an
information request dated May 1, 2014 are pending.

The review team has completed their reviews of this application.  For a detailed discussion of 
NDA 205645, please refer to discipline specific reviews and the Cross-Discipline Team Leader 
Review.

3.0 Product Quality

The Chemistry, Manufacturing and Controls (CMC) reviewer for this application is Maotang 
Zhou, PhD, and the product quality microbiology reviewer is Vinayak B. Pawar, PhD.

For majority of the information regarding drug substance, the applicant references the DMF 
Type II  held by . This DMF was reviewed and found adequate by Dr. Zhou. The drug 
product is supplied as a lyophilized cake for reconstitution for intravenous infusion and contains 
50 mg tigecycline and 82.6 mg of arginine as a .  The pH is adjusted with 
hydrochloric acid, and if necessary, sodium hydroxide. The proposed container closure includes 
Type I USP glass vials closed with  rubber stoppers and capped with 
aluminum crimp flip cap seals and was found to be acceptable. However, no information 
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regarding extractables/leachables from the rubber stopper was provided in the NDA. This 
information has been requested from the applicant on May 1, 2014 and a response is still 
pending.

Dr. Zhou found the process parameters and process controls used in the drug product 
manufacturing process and the drug product specification including acceptance criteria for all 
attributes acceptable except for one specified impurity . 
The structure of  constitutes a structural alert for potential mutagenicity. In response to an 
information request dated March 21, 2014, the applicant committed to conducting an Ames test 
for this impurity. Results of the Ames test are pending.

Prior to administration, Tigecycline for Injection should be reconstituted and diluted with 0.9% 
Sodium Chloride Injection, USP, 5% Dextrose Injection, USP, or Lactated Ringer’s Injection, 
USP. The applicant proposes that Tigecycline for Injection can also be co-administered, via       
Y-site, with several other drugs. However, no compatibility data were submitted in the NDA to 
support this statement. An information request was sent to the applicant on 05/01/2014 and a 
response is pending.

Stability information submitted includes six-month accelerated (40°C ± 2°C/75% ± 5% RH) and 
twelve-month long-term room temperature (25°C ± 2°C/60% ± 5% RH) data for three exhibit 
batches of the drug product manufactured at the proposed manufacturing facility. Based on these 
data, an expiration dating period of 24 months for the commercial drug product when stored at 
controlled room temperature (25°C ± 2°C/60% ± 5% RH) in the proposed commercial container 
closure system has been found acceptable by Dr. Zhou. 

The Office of Compliance has given an overall recommendation of “Withhold” for this NDA. 
Please see the addendum from Dr. Zhou regarding the recommendations from the Office of 
Compliance. 

Dr. Zhou does not recommend approval of the NDA as the results of the Ames test on the  
impurity are still pending and compatibility data for drugs that can be co-administered with 
tigecycline, as proposed in Section 2.4 of the package insert, have not been provided. In the 
addendum to his review dated May 30, 2014, Dr. Zhou also notes that the Office of Compliance 
has made an overall “Withhold” recommendation for this NDA. Dr. Zhou recommends that the 
NDA not be approved as the applicant has not provided sufficient information to assure identity, 
strength, purity, and quality of the drug product and the “Withhold” recommendation from the 
Office of Compliance. Dr. Pawar recommends approval from a product quality microbiology 
standpoint. I agree with the recommendations made by Dr. Zhou.
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4.0 Pharmacology/Toxicology 

The pharmacology/toxicology reviewer for this application is Wendelyn Schmidt, PhD.            
Dr. Schmidt recommends approval from a nonclinical pharmacology standpoint. No new 
nonclinical studies were submitted by the applicant. 

5.0 Quality Biopharmaceutics

Elsbeth Chikhale, PhD, was the Quality Biopharmaceutics reviewer for this application. The 
applicant has requested a waiver for conducting in vivo bioequivalence studies based on            
21 CFR 320.22(b). Dr. Chikhale states that the applicant has provided adequate information 
demonstrating that the differences in the proposed formulation versus the listed drug did not 
affect the osmolality or the pH of the proposed drug product once it is diluted to at least              
1 mg/mL. The applicant has also provided a summary of the literature showing that the quantity 
of arginine in the proposed formulation would not affect the pharmacokinetics of tigecycline. Dr. 
Chikhale concluded that the applicant has provided adequate evidence to support the approval of 
the in vivo biowaiver request and recommends approval of the NDA.

6.0 Clinical Microbiology

Kerian GrandeRoche, PhD, is the clinical microbiology reviewer for this application. No new 
clinical microbiology information was submitted in this application. Dr. GrandeRoche has 
labeling recommendations that will be incorporated when the NDA is approved.

7.0 Clinical Pharmacology

Zhixia (Grace) Yan, PhD, is the clinical pharmacology reviewer for this application. Dr. Yan 
notes that the application is acceptable from a clinical pharmacology perspective. No new 
clinical pharmacology information was submitted in this NDA. 

8.0 Clinical Efficacy/Safety

Dmitri Iarikov, MD, PhD, is the clinical reviewer for this application. No new clinical or 
statistical information was submitted in this NDA. Dr. Iarikov recommends approval of the 
NDA.

Daniel Rubin, PhD, is the statistics reviewer for this NDA. Dr. Rubin stated that no statistical 
review was needed for this application as no clinical studies were submitted in this NDA.
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9.0 Labeling

Aleksander Winiarski, PharmD, from the Division of Medication Error Prevention and Analysis 
performed a labeling review. Dr. Winiarski’s recommendations for labeling revisions will be 
incorporated when the NDA is being approved.

10.0 Pediatrics

Under the Pediatric Research and Equity Act (PREA), all applications for new active ingredients, 
new indications, new dosage forms, new dosing regimens, or new routes of administration are 
required to contain an assessment of the safety and effectiveness of the product for the claimed
indication(s) in pediatric patients unless the requirement is waived, deferred or inapplicable. As 
none of these criteria are applicable, this NDA is exempt from PREA requirements.

11.0 Other Regulatory Issues

The listed drug, NDA 21821, for Tygacil® has the following unexpired patents listed in the 
Orange Book:

US Patent No. 7879828 - Expiration Date, February 5, 2029

US Patent No. 8372995 – Expiration Date, October 8, 2030

US Patent No. RE40183 - Expiry Date, April 9, 2016

The applicant has submitted a Paragraph III Certification for patent number RE40086 (expired, 
June 25, 2013) and a Paragraph IV Certification regarding the above patents stating that in the 
applicant’s opinion they are invalid, unenforceable, and/or will not be infringed by the 
manufacture, use, or sale of Tigecycline for Injection (50 mg/vial). 

On November 27, 2013, the applicant notified the Agency that on October 2, and 3, 2013, in 
accordance with 21 CFR 314.95(b), notice regarding Paragraph IV certification had been 
provided, and receipt confirmed, to all parties in accordance with 21 CFR 314.95(a).

On November 13, 2013, Pfizer Inc., Wyeth LLC, Pfizer Pharmaceuticals LLC, PF PRISM CV, 
Pfizer Manufacturing Holdings LLC, Wyeth Holdings LLC, and Wyeth Holding Corporation,
filed suit against Fresenius Kabi USA LLC for patent infringement.

This application was not presented to the Anti-Infective Drugs Advisory Committee (AIDAC) as 
there were no issues requiring input from the AIDAC.
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12.0 Recommended Regulatory Action

I agree with the recommendation that a complete response action should be taken as the 
applicant has not submitted adequate information to assess the safety and effectiveness of the 
product. The key deficiencies are listed below:

1. The  impurity contains a structural alert for mutagenicity. The mutagenic potential of 
 needs to be tested and if confirmed to be mutagenic, the applicant needs to provide 

an appropriate control strategy for 

2. Physical and chemical compatibility data need to be provided to justify inclusion in 
labeling of products that can be co-administered with the proposed drug product. The 
data should include tests for appearance, description (color, visible particulates, 
turbidity), and sub-visible particulates (i.e., USP <788> compliance).

3. Lack of a cGMP acceptable manufacturing facility for the drug product.
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The drug product is manufactured, packaged, labeled and tested for release and stability at 
Fresenius Kabi USA, LLC facility in Grand Island, NY, which is currently under an OAI alert.
The status of two other testing facilities that may perform stability testing of the drug product 
was found acceptable by the Office of Compliance. However, an Overall Recommendation has
not been issued for this NDA by the Office of Compliance at the time of this review.
Therefore, this NDA is not recommended for approval from the CMC perspective until all 
pending issues are resolved. For details of this conclusion, refer to the CMC review by Dr. 
Maotang Zhou (review dated April 24, 2014 in DARRTS).

4. Nonclinical Pharmacology/Toxicology

Dr. Wendy Schmidt was the Pharmacology/Toxicology Reviewer for this application and 
concluded that from the nonclinical pharmacology standpoint, the NDA can be approved (for 
details refer to the review dated September 26, 2013 in DARRTS).

The applicant did not conduct any nonclinical studies in support of this NDA. Dr. Schmidt 
stated that unless the impurity profile of this formulation of tigecycline differs significantly 
from the previous formulation, there are no pharmacology/toxicology issues with this drug. In 
addition, the labeling does not differ from the listed drug and there are no changes 
recommended from the pharmacology/toxicology perspective. 

5. Clinical Pharmacology/Biopharmaceutics 

Elsbeth Chikhale, Ph.D., was the Biopharmaceutics Reviewer and Zhixia (Grace) Yan, Ph.D., 
was the Clinical Pharmacology Reviewer for this application. Their findings and 
recommendations are summarized below.

This NDA includes a bioequivalence (BE) waiver request for the proposed drug product 
(referring to the listed drug, Tygacil® Injection approved under NDA 21821). The focus of the 
biopharmaceutics review is on the evaluation and acceptability of the data supporting the 
approval of the BE waiver request. In Dr. Chikhale’s assessment, the Applicant provided 
adequate information demonstrating that the differences in the proposed formulation versus the 
listed drug did not affect the osmolality or the pH of the proposed drug product, once it is 
diluted to at least 1 mg/mL. In addition, the Applicant provided a summary of literature search 
showing that the dose of L-arginine from the proposed product would be very low to 
significantly alter the hemodynamics or elimination of tigecycline. Dr. Chikhale concluded 
that based on the overall information for the pH, osmolality, and pharmacological activity of 
L-arginine, there is adequate scientific evidence supporting the approval of the in vivo BA/BE 
waiver request. Therefore, the biowaiver is granted and this NDA is recommended for 
approval from the biopharmaceutics perspective (review dated March 12, 2014 in DARRTS).

The Clinical Pharmacology Reviewer, Dr. Zhixia Yan, stated that application is acceptable 
from a clinical pharmacology perspective as no new clinical pharmacology information was 
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submitted by the applicant in this NDA and there are no recommendations to the clinical 
pharmacology section of the labeling (review dated April 30, 2014 in DARRTS).

6. Clinical Microbiology 

Kerian Grande Roche, Ph.D., was the Clinical Microbiology Reviewer for this application.

No new clinical microbiology information was submitted with this application. The 
Microbiology Reviewer recommends approval of this application from the microbiology 
standpoint with several recommended changes in the product package insert.

7. Clinical/Statistical - Efficacy

Dmitri Iarikov, MD, was the Clinical Reviewer, and Daniel Rubin, Ph.D., was the Statistical 
Reviewer for this NDA.

The Clinical Reviewer stated that this 505(b)(2) NDA, which provides for a new IV 
formulation of  tigecycline (and the same active pharmaceutical ingredient, same strength, 
dose and concentration are proposed), does not contain any nonclinical or clinical studies as 
the applicant of the current 505(b)(2) NDA is relying on the previous findings of safety for the 
listed drug, Tygacil® (tigecycline for injection). Therefore, supportive information is derived 
from the tigecycline labeling and published literature.

In his recommendation, Dr. Iarikov stated that tigecycline represents a viable treatment option 
for approved indications in situations when alternative treatments are not suitable for reasons 
related to allergies, microbial resistance, renal impairment or other circumstances that may
preclude the use of other antibacterial drugs. In addition, the tigecycline labeling adequately 
informs providers on risks and benefits associated with tigecycline use. As the current
505(b)(2) NDA application for tigecycline from Fresenius Kabi LLC USA, relies on FDA’s 
previous findings of safety and effectiveness for the listed drug (Tygacil®), Dr. Iarikov
recommends this application for approval for the same indications and target populations as 
Tygacil® (review dated April 30, 2014 in DARRTS).

Dr. Rubin stated that no statistical review was needed for this application as there were no 
clinical studies submitted in this NDA (memorandum dated May 15, 2014 in DARRTS).

8. Safety

The applicant of the current 505(b)(2) NDA is relying on the previous findings of safety for 
the listed drug, Tygacil® (tigecycline for injection). Tigecycline was found to be associated 
with an increase in all-cause mortality and the tigecycline package insert includes a boxed
warning stating that “Tygacil should be reserved for use in situations when alternative 
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treatments are not suitable.” For details regarding safety assessment of tigecycline, refer to the 
clinical review by Dr. Dmitri Iarikov (dated April 30, 2014 in DARRTS).

9. Advisory Committee Meeting 

There was no Advisory Committee Meeting for this application (the product is not an NME).

10. Pediatrics

The drug product proposed via this 505(b)(2) NDA does not contain a new active ingredient
and is not a new dosage form. No new indication is proposed and no new dosing regimen is
proposed. There is no new route of administration associated with the new product. For these
reasons, the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), does not apply to this
application. No pediatric studies will be required as a condition of approval.

11. Other Relevant Regulatory Issues 

No clinical studies/trials were conducted in support of this NDA. Therefore, no inspection
request was sent to the Office of Scientific Investigations (OSI).

The reference listed application, NDA 21821 for Tygacil ® (tigecycline) for Injection, 50 
mg/via, has the following unexpired patents listed in the Orange Book:

US Patent No. 7,879,828 - Expiry Date: February 5, 2029
US Patent No. 8,372,995 - Expiry Date: October 8, 2030
US Patent No. RE40183 - Expiry Date: April 9, 2016

In the initial NDA submission, Fresenius Kabi, USA, LLC submitted Paragraph III 
Certification for patent number RE40086 (not listed above as expiring on June 25, 2013) 
stating that “until all the above listed patent expire, FK USA will not distribute, for use or sale, 
Tigecycline for Injection (50 mg/vial), for which this 505(b)(2) New Drug Application is 
submitted.” In addition, Fresenius Kabi, USA, LLC has submitted Paragraph IV Certification
[per 21 CFR 314.50(i)(1)(i)(A)(4)] regarding the above patents (7,879,828; 8,372,995; and 
RE40183) stating that they are invalid, unenforceable, and/or will not be infringed by the 
manufacture, use, or sale of Tigecycline for Injection (50 mg/vial), for which this 505(b)(2) 
New Drug Application is submitted.

Subsequently, the applicant submitted an NDA amendment (dated November 27, 2013) in 
accordance with 21 CFR 314.95(b) to certify that notices regarding the “Paragraph IV” 
certification were delivered to the patent and the listed drug NDA holders: Fresenius Kabi, 
USA, LLC notified Pfizer, Inc., Wyeth LLC, and Wyeth Pharmaceuticals Inc. on October 2, 
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2013, and Wyeth Holding Corp. on October 3, 2013 [with the Fed Ex tracking receipts
attached in the amendment].

In addition, this NDA Patent Amendment notifies the FDA that on November 13, 2013, Pfizer 
Inc., Wyeth LLC, Pfizer Pharmaceuticals LLC, PF PRISM C.V, Pfizer Manufacturing 
Holdings LLC, Wyeth Holdings LLC, and Wyeth Holding Corporation have filed suit against 
Fresenius Kabi USA for patent infringement in the Unites States District Court for the District 
of Delaware (with a copy of Complaint attached in the amendment).

12. Labeling

The proposed labeling and labels for Tigecycline for Injection, 50 mg/vial, were submitted in 
the NDA. No trade name was proposed for the drug product.

Labeling will not be addressed during the current review cycle, due to the issuance of a 
Complete Response. 

13. Recommendations/Risk Benefit Assessment

! Recommended Regulatory Action

I concur with the assessments made by the review team and recommend the issuance of 
a Complete Response for this NDA.

! Risk Benefit Assessment

The risk-benefit assessment for this application focused on the significant 
manufacturing and CMC issues identified during the review cycle, as follows:

- The CGMP status of the drug product manufacturing facilities is not acceptable.

- The mutagenicity potential of impurity needs to be addressed.

- Compatibility with several drugs to be co-administered with tigecycline was not
demonstrated.

- Extractable/leachable profile was not established for the rubber stopper.

! Recommendation for Postmarketing Risk Evaluation and Management Strategies

Not applicable
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Division / Office Division of Anti-Infective Products / 

Office of Antimicrobial Products

Reviewer Name Dmitri Iarikov, MD
Review Completion Date April 10, 2014

Established Name Tigecycline for injection, 50 mg/vial
(Proposed) Trade Name None

Therapeutic Class Tetracycline-class antibacterial
Applicant Fresenius Kabi USA LLC

Formulation Lyophilized powder for injection
Dosing Regimen An initial dose of 100 mg, followed 

by 50 mg every 12 hours
Indications Complicated Skin and Skin 

Structure Infections
Complicated Intra-abdominal 
Infections
Community-Acquired Bacterial 
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

The reviewer recommends approval of this 505 (b)(2) application for tigecycline for the 
indications of complicated skin and skin structure infections, complicated intra-
abdominal infections, and community-acquired bacterial pneumonia.

1.2 Risk Benefit Assessment

The reviewer believes that tigecycline represents a viable treatment option for approved 
indications in situations when alternative treatments are not suitable for reasons related 
to allergies, microbial resistance, renal impairment or other circumstances that may 
preclude the use of other antibacterial drugs. The tigecycline label adequately informs 
providers on risks and benefits associated with tigecycline use. This 505(b)(2) NDA 
application for tigecycline relies on FDA’s previous findings of safety and effectiveness 
for the reference drug, Tygacil.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

None

1.4 Recommendations for Postmarket Requirements and Commitments

None

2 Introduction and Regulatory Background
This new drug application (NDA) is submitted by Fresenius Kabi USA, LLC in 
accordance with Section 505 (b)(2) of the Federal Food, Drug and Cosmetic Act (21 
U.S.C. 355) to seek marketing clearance for Tigecycline for Injection. The Reference 
Listed Drug (RLD), Tygacil® (tigecycline) for Injection is manufactured by Wyeth 
Pharmaceuticals Inc. 

Tigecycline (Tygacil!), an intravenous tetracycline class antibacterial drug, was FDA 
approved for the treatment of complicated skin and skin structure infections (cSSSI) and 
complicated intra-abdominal infections (cIAI) in June of 2005 and for community-
acquired bacterial pneumonia (CABP) in March of 2009 in patients 18 years and older. 
Tigecycline has failed to demonstrate non-inferiority to comparator antibacterial drugs in 
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trials for the treatment of hospital-acquired pneumonia (HAP) and diabetic foot 
infections (DFI) and is not approved for these indications. The Sponsor seeks approval 
for the same indications as those listed in the approved Tygacil labeling.

The Sponsor’s product contains the same active pharmaceutical ingredient (API), 
tigecycline, which will be administered as a solution of the same strength and at the 
same dose as that of the RLD. The only difference in the formulation compared with the 
LD is the substitution of L-arginine for lactose monohydrate as a . Thus, the 
505(b)(2) pathway may be used because the formulation change does not qualify for 
submission via the 505(j) regulatory pathway, which only allows qualitative changes in a 
parenteral formulation for preservatives, buffers, or antioxidants.

The Sponsor states that this substitution is not expected to affect the excretion, 
metabolism, and/or distribution and therefore will not affect the systemic exposure (both 
maximum plasma concentration [Cmax] and area under the plasma concentration-time 
curve [AUC]) to tigecycline or the pharmacologic activity of tigecycline. The Sponsor 
considers the 2 formulations to be therapeutic equivalents and relies on the Agency’s 
findings of safety and efficacy for the RLD Tygacil.

The Sponsor has not conducted any nonclinical or clinical studies to support their 
product and provides supportive information for this submission from the tigecycline 
labeling and published literature.

2.1 Product Information

Tigecycline is a tetracycline-class antibacterial drug. Tigecycline inhibits protein 
translation in bacteria by binding to the 30S ribosomal subunit and blocking entry of 
amino-acyl tRNA molecules into the A site of the ribosome. This prevents incorporation 
of amino acid residues into elongating peptide chains. Tigecycline is considered 
bacteriostatic; however, Tygacil has demonstrated bactericidal activity against isolates 
of S. pneumoniae and L. pneumophila.

The molecular structure of Tigecycline is presented in Figure 1.
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Figure 1: Molecular Structure of Tigecycline

The antibacterial spectrum of tigecycline includes Gram-positive and Gram-negative 
organisms (including aerobic and anaerobic species), including methicillin-resistant 
Staphylococcus aureus (MRSA), Legionella pneumophila, and some Mycobacteria.  
Tigecycline is not active against Pseudomonas aeruginosa and has decreased activity 
against Proteus, Providencia, and Morganella species. Each Tygacil vial contains 50 mg 
tigecycline lyophilized powder for intravenous infusion.  

The Sponsor’s formulation of tigecycline is a lyophilized powder or cake for 
reconstitution and intravenous administration. Each 5.3 mL of the Sponsor’s 
reconstituted solution contains 50 mg tigecycline (10 mg/mL) and 82.6 mg of L-arginine. 
The pH is adjusted with hydrochloric acid and, if necessary, sodium hydroxide. The 
product does not contain preservatives.

2.2 Tables of Currently Available Treatments for Proposed Indications

Table 1 lists selected antibacterial drugs that are labeled for the proposed indications 
and could be used in similar patient populations.

Table 1: Selected Antibacterial Drugs Labeled for Proposed Indications
Antibacterial drugs Indications

Complicated skin 
and skin structure 

infections

Community 
acquired 

pneumonia

Complicated 
intra-abdominal 

infections
Cefazolin X X a -
Ceftaroline X X -
Ceftriaxone X X X
Daptomycin X - -
Ertapenem X X X
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Table 1: Selected Antibacterial Drugs Labeled for Proposed Indications
Antibacterial drugs Indications

Complicated skin 
and skin structure 

infections

Community 
acquired 

pneumonia

Complicated 
intra-abdominal 

infections
Imipenem and cilastatin X X X
Levofloxacin X X -
Linezolid X X -
Meropenem X - X
Piperacillin-tazobactam X X X
Telavancin X - -
Vancomycin X X b -
a Cefazolin is approved for respiratory tract infections
b Vancomycin is approved for lower respiratory tract infections

2.3 Availability of Proposed Active Ingredient in the United States

Tigecycline is marketed in the US as Tygacil under NDA 21821 sponsored by PF Prism 
C.V.,  

2.4 Important Safety Issues With Consideration to Related Drugs

Tigecycline was found to be associated with an increase in all-cause mortality. In 
September 2013 the tigecycline label was revised to include a boxed warning containing 
the following information:

All-cause mortality was higher in patients treated with TYGACIL than
comparators in a meta-analysis of clinical trials. The cause of this mortality risk 
difference of 0.6% (95% CI 0.1, 1.2) has not been established. TYGACIL should be 
reserved for use in situations when alternative treatments are not suitable.

Several investigations of tigecycline-associated mortality have been conducted by FDA. 
In randomized clinical trials of tigecycline, more deaths were noted in the tigecycline 
arm in the initial cSSSI and cIAI tigecycline trials as well as in the majority of 
subsequent trials of cIAI, hospital-acquired pneumonia (HAP), CABP, resistant 
pathogens (RP), and DFI. 

In a meta-analysis of thirteen comparative trials, an increase in the risk of all-cause 
mortality of approximately 1% among tigecycline-treated patients was noted. Although 
for each indication, the mortality difference was not statistically significant, mortality in 
tigecycline-treated patients was numerically greater in every infection, and was
particularly greater in VAP, a subgroup of HAP. As mentioned above, Tygacil is not 
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approved for HAP because of an unacceptably low cure rate relative to active-control as 
well as excess mortality.  Another meta-analysis of eight selected trials that had similar 
design, patient populations and available patient-level data assessed the relationship 
between tigecycline and mortality using patient-level variables including demographic 
information, baseline laboratory test results, baseline pathogens, and medical history. 
This meta-analysis demonstrated an estimated adjusted risk difference in mortality 
between tigecycline and comparators of 0.6%, 95% CI (0.0, 1.2) suggesting a higher 
mortality risk in the tigecycline group.

In addition, a retrospective case review of all reported deaths in fourteen pre-and post-
approval tigecycline trials was conducted. These meta-analyses and the case review of 
deaths did not identify tigecycline-related toxicities, specific patient-level characteristics 
or other risk factors driving this mortality imbalance. The mortality imbalance was 
highest in patients with VAP, followed by patients in the resistant pathogen study and 
patients with HAP. The case review of deaths in tigecycline trials suggests that the 
increased mortality in tigecycline-treated patients was related to the progression of 
underlying infections. Results of the meta-analyses are provided in Table 2.

Table 2: Patients with Outcome of Death by Infection Type
Infection Type Tigecycline deaths / 

total patients (%)
Comparator antibacterial 
drug deaths / total 
patients (%)

Risk Difference* 
(95% Confidence 
Interval)

cSSSI 12/834 (1.4%) 6/813 (0.7%) 0.7 (-0.3, 1.7)
cIAI 42/1382 (3.0%) 31/1393 (2.2%) 0.8 (-0.4, 2.0)
CAP 12/424 (2.8%) 11/422 (2.6%) 0.2 (-2.0, 2.4)
HAP 66/467 (14.1%) 57/467 (12.2%) 1.9 (-2.4, 6.3)
Non-VAP† 41/336 (12.2%) 42/345 (12.2%) 0.0 (-4.9, 4.9)
VAP† 25/131 (19.1%) 15/122 (12.3%) 6.8 (-2.1, 15.7)
RP 11/128 (8.6%) 2/43 (4.7%) 3.9 (-4.0, 11.9)
DFI 7/553 (1.3%) 3/508 (0.6%) 0.7 (-0.5, 1.8)
Overall Pooled 150/3788(4.0%) 110/3646 (3.0%) 0.6 (0.1,1.2)**
cSSSI = Complicated skin and skin structure infections; cIAI = Complicated intra-abdominal infections; CAP = Community-
acquired pneumonia; HAP = Hospital-acquired pneumonia; VAP = Ventilator-associated pneumonia; RP = Resistant pathogens; 
DFI = Diabetic foot infections.
*Risk Difference = the difference between the percentage of patients who died in the Tygacil and comparator ant bacterial drug
groups. The 95% CI for each infection type was calculated using the normal approximation method without continuity correction.
† Subgroups of the HAP population
**Overall adjusted (random effects model by trial weight) risk difference estimate
Source: Tigecycline product labeling, Adverse Reactions section, Table 21

An analysis of mortality in all trials conducted for approved indications -cSSSI, cIAI, and 
CABP, including post-market trials (315, 400, 900) showed an adjusted mortality rate of 
2.5% for tigecycline and 1.8% for comparator, respectively. The adjusted risk difference 
for mortality stratified by trial weight was 0.6% (95% CI 0.0, 1.2).

                                           
1 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021821s026s031lbl.pdf
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Overall, in comparative clinical studies, infection-related serious adverse events were 
more frequently reported for subjects treated with tigecycline (7%) versus comparators 
(6%). Serious adverse events of sepsis/septic shock were more frequently reported for 
subjects treated with tigecycline (2%) versus comparators (1%). 

The most common treatment-emergent adverse reactions were nausea and vomiting 
which generally occurred during the first 1 – 2 days of therapy. The incidence of nausea 
was 26% in the tigecycline group and 13% in the comparator group. The incidence of 
vomiting was 18% in the tigecycline group and 9% in the comparator group. The reader 
is referred to the tigecycline labeling for more tigecycline safety information1.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

The NDA 205645 for Tigecycline Injection 50 mg/mL was submitted pursuant to section 
505(b)(2) on July 31, 2013 and received on August 01, 2013. There had been no other 
presubmission regulatory activity related to this NDA.

3 Ethics and Good Clinical Practices
Not applicable

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines

The reader is referred to the tigecycline labeling for additional information on clinical 
pharmacology, clinical microbiology, pharmacodynamics and pharmacokinetics of 
tigecycline2.

4.1 Chemistry Manufacturing and Controls

The reader is referred to the CMC review.

5 Sources of Clinical Data
The application relies on published literature as a source of clinical data. Table 3 lists 
the publications supporting the NDA.

                                           
2 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021821s026s031lbl.pdf
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Table 3: Summary of Clinical Efficacy and Safety Studies Supporting the 
Approved Labeling for Tigecycline by Indication
Source Publication Description 
PK studies
(Muralidharan 
et al., 2005)

In the multiple ascending dose study, tigecycline was well tolerated in the 25- and 50-
mg dose groups; GI intolerance occurred in all six tigecycline-treated subjects in the 
100-mg dose group

(Sun et al., 
2005)

By 4 h after dose administration, the tigecycline concentrations in serum and skin blister 
fluid were equivalent and remained so until hour 12.

(Purdy et al., 
2012)

Phase 2, open-label, dose optimization study in patients with community-acquired 
pneumonia

(Korth-Bradley 
et al., 2012)

Tigecycline requires no dosage adjustment in patients with renal impairment.

(Korth-Bradley 
et al., 2011)

No adjustment of tigecycline maintenance dosage is warranted in patients with 
compensated or moderately decompensated cirrhosis; doses should be reduced by 
50%, to 25 mg, every 12 hours in patients with severely decompensated disease.

(Zimmerman 
et al., 2007)

No significant effects of tigecycline on digoxin pharmacokinetics and 
pharmacodynamics were noted

(Zimmerman 
et al., 2008)

Dosage adjustment of either tigecycline or warfarin drug is not necessary during co-
administration of the drugs

(Korth-Bradley 
et al., 2013)

Tigecycline does not prolong corrected QT intervals in healthy subjects.

Complicated Skin and Skin Structure Infections (cSSSI)
(Breedt et al., 
2005)*

In this randomized, double-blind, controlled trial, 546 patients with complicated skin and 
skin structure infections received tigecycline 100 mg/day (a 100-mg initial dose and then 
50 mg intravenously twice daily) or the combination of vancomycin 2 g/day (1 g 
intravenously twice daily) and aztreonam 4 g/day (2 g intravenously twice daily) for up to 
14 days; tigecycline was shown to be safe and effective for the treatment of complicated 
skin and skin structure infections.

(Sacchidanand 
et al., 2005)*

This phase 3, double-blind trial demonstrated the efficacy of tigecycline monotherapy for 
the treatment of patients with cSSSI is statistically noninferior to the combination of 
vancomycin and aztreonam  

(Matthews et 
al., 2012)

531 subjects with cSSSI received tigecycline (100 mg initial dose, then 50 mg 
intravenously every 12 hrs) or ampicillin-sulbactam 1.5-3 g IV every 6 hrs or amoxicillin-
clavulanate 1.2 g IV every 6-8 hrs. The primary endpoint was clinical response in the 
clinically evaluable (CE) population at the test-of-cure (TOC) visit. Tigecycline was safe 
and effective in the treatment of cSSSIs. 

Complicated Intra-abdominal Infections (cIAI)
(Oliva et al., 
2005)*

This prospective, double-blind trial conducted in patients with cIAI demonstrates that 
tigecycline is as efficacious as imipenem/cilastatin (IMI/CIS) in the treatment of patients 
with cIAI. For the ME group, clinical cure rates at TOC were 80.6% (199/247) for 
tigecycline versus 82.4% (210/255) for IMI/CIS (95% CI -8.4, 5.1 for non-inferiority 
tigecycline versus IMI/CIS). 

(Fomin et al., 
2005)*

This double-blind, phase 3 trial comparing tigecycline (100 mg initial dose, then 50 mg 
every 12 h) with IMI/CIS (500/500 mg every 6 h) for 5-14 days demonstrates that 
tigecycline is efficacious in the treatment of patients with cIAIs
For the ME population, clinical cure rates at TOC were 91.3% (242/265) for tigecycline 
versus 89.9% (232/258) for IMI/CIS (95% CI -4.0, 6.8; P<0.001). 
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Table 3: Summary of Clinical Efficacy and Safety Studies Supporting the 
Approved Labeling for Tigecycline by Indication
Source Publication Description 
(Towfigh et al., 
2010)

This open-label, randomized trial of tigecycline vs. ceftriaxone plus metronidazole 
(CTX/MET) demonstrated that tigecycline monotherapy is non-inferior to a combination 
regimen of CTX/MET for the treatment of patients with cIAI. The primary endpoint was 
the clinical response in the clinically evaluable (CE) population at the test of cure (TOC) 
assessment. Of 473 randomized subjects, 376 were CE. Among these, clinical cure 
rates were 70.4% (133/189) with TGC vs. 74.3% (139/187) with CTX/MET (95% CI -
13.1 to 5.1; p 0.009 for non-inferiority). 

(Chen et al., 
2010)

In this phase 3, open-label trial, hospitalized Chinese patients were randomly assigned 
to receive IV tigecycline or imipenem/cilastatin. The study was not powered to 
demonstrate non-inferiority between tigecycline and imipenem/cilastatin, no formal 
statistical analysis was performed. In the microbiologically evaluable population, 86.5% 
(45 of 52) of tigecycline- and 97.9% (47 of 48) of imipenem/cilastatin-treated patients 
were cured at the test-of-cure assessment (12-37 days after therapy).

(Qvist et al., 
2012)

Tigecycline was effective in the treatment of cIAI and was non-inferior to CTX/MET for 
the treatment of cIAI in hospitalized adults in this randomized, open-label trial compared 
tigecycline (TGC) with ceftriaxone-metronidazole (CTX/MET) for the treatment of 
complicated intra-abdominal infections (cIAI). Clinical responses in the CE population 
were 81.8% (162/198) vs. 79.4% (150/189) for TGC and CTX/MET, respectively; a 
weighted estimate of the difference of 1.6 (95% confidence interval [CI] -6.4, 9.6). 

Community-Acquired Bacterial Pneumonia (CAP)
(Tanaseanu et 
al., 2009)*

This double-blind, non-inferiority phase 3 trial compared the efficacy and safety of 
intravenous (IV) tigecycline with IV levofloxacin in hospitalized adults with CAP. Clinical 
cure rates for the CE population were 88.9% for tigecycline and 85.3% for levofloxacin 
suggesting that IV tigecycline is non-inferior to IV levofloxacin in the treatment of 
hospitalized adults with CAP.

(Bergallo et 
al., 2009)*

In this double-blind randomized phase 3 trial, tigecycline was found noninferior to 
levofloxacin in hospitalized patients with CAP (n=418). Cure rates in tigecycline and 
levofloxacin groups were comparable in CE (90.6% versus 87.2%, respectively) and c-
mITT (78% versus 77.8%, respectively) populations at TOC. 

Hospital-Acquired Bacterial Pneumonia (HAP)
(Freire et al., 
2010)

In this phase 3 randomized, double-blind, trial comparing efficacy and safety of a 
tigecycline with IMI/CIS in HAP patients (n=945), the tigecycline regimen was 
noninferior to the IMI/CIS regimen for the c-mITT but not the CE population; this 
difference appears to have been driven by results in VAP patients. Cure rates were 
67.9% for tigecycline and 78.2% for IMI/CIS (CE patients) and 62.7% and 67.6% (c-
mITT patients), respectively. A statistical interaction occurred between ventilator-
associated pneumonia (VAP) and non-VAP subgroups, with significantly lower cure 
rates in tigecycline VAP patients compared to imipenem; in non-VAP patients, 
tigecycline was noninferior to IMI/CIS. More deaths occurred in VAP patients treated 
with tigecycline than IMI/CIS. 

Patients with MRSA or VRE
(Florescu et 
al., 2008)

This randomized (3:1), double-blind, Phase 3 trial compared the safety and efficacy of 
tigecycline with vancomycin or linezolid in hospitalized patients with methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) infections. 
Tigecycline was safe and effective in hospitalized patients with serious infection caused 
by MRSA. For MRSA infection, clinical cure rates in the ME population (n = 117) were 
81.4% (70 of 86 patients) with tigecycline and 83.9% (26 of 31 patients) with 
vancomycin. There were too few cases of VRE to draw any conclusions.

* Trials that were the basis for approval of tigecycline for the treatment of respective indications
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6 Review of Efficacy
Efficacy Summary

Tigecycline is approved for the treatment of complicated skin and skin structure 
infections (cSSSI), complicated intra-abdominal infections (cIAI) and for community-
acquired bacterial pneumonia (CABP) in patients 18 years and older. The approval of 
tigecycline was based on based on the analysis of randomized, double-blind, 
comparative clinical trials with two trials conducted for each indication. The reader is 
referred to the Clinical Studies section of the tigecycline labeling for details of the clinical 
trials3. 

7 Review of Safety
Safety Summary

Tigecycline was found to be associated with an increase in all-cause mortality. The 
reader is referred to section 2.4 Important Safety Issues With Consideration to 
Related Drugs of this review and to the tigecycline labeling for more detail3. The 
submission relies on the safety information provided in the tigecycline labeling and no 
additional safety assessments were conducted.

7.6.3 Pediatrics and Assessment of Effects on Growth

Use in patients under 18 years of age is not recommended. Safety and effectiveness in 
pediatric patients below the age of 18 years have not been established. Because of the 
increased mortality observed in tigecycline-treated adult patients in clinical trials, 
pediatric trials of tigecycline to evaluate the safety and efficacy of tigecycline were not 
conducted. In addition, because of effects on tooth development, use in patients under 
8 years of age is not recommended.

                                           
3 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021821s026s031lbl.pdf
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9.2 Labeling Recommendations

Labeling changes related to the Microbiology subsection may be provided. These 
recommendations will also be relevant to the RLD and will be discussed at a later point 
during the review cycle.  

9.3 Advisory Committee Meeting

Not Applicable.
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