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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING
 

Division of Medication Error Prevention and Analysis (DMEPA)
 
Office of Medication Error Prevention and Risk Management (OMEPRM)
 

Office of Surveillance and Epidemiology (OSE)
 
Center for Drug Evaluation and Research (CDER)
 

Date of This Memorandum: July 23, 2019 

Requesting Office or Division: Division of Anti-Infective Products (DAIP) 

Application Type and Number: NDA 211672 and NDA 211673 

Product Name and Strength: Xenleta (lefamulin) Tablets, 600 mg 
Xenleta (lefamulin) Injection, 150 mg/15 mL (10 mg/mL) 

Applicant/Sponsor Name: Nabriva Therapeutics Ireland DAC (Nabriva)   
c/o Nabriva Therapeutics US, Inc. 

FDA Received Date: July 22, 2019 

OSE RCM #: 2018-2735-2 and 2018-2738-4 

DMEPA Safety Evaluator: Deborah Myers, RPh, MBA 

DMEPA Team Leader: Otto L. Townsend, PharmD 

1 PURPOSE OF MEMORANDUM 
The Applicant submitted final container label and carton labeling for NDA 211672 and final, as 
well as revised container labels and carton labeling for NDA 211673, received on July 22, 2019 
for Xenleta.  The Division of Anti-Infective Products (DAIP) requested that we review the final, 
as well as revised container labels and carton labeling for Xenleta (Appendix A) to determine 
they are acceptable from a medication error perspective.  The revisions to the vial label and vial 
carton labeling for NDA 211673, are in response to recommendations that we made in a July 
17, 2019 Information Request (IR).a 

2  CONCLUSION 
The Applicant implemented all of our recommendations and we have no additional 
recommendations at this time. 

a Aggarwal D. FDA Communication: IR for Container Label for Xenleta. Silver Spring (MD): FDA, CDER, OND, DAIP 
(US); 2019 JUL 17. NDA 211673. Available from: 
https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af80505b75 

1 

Reference ID: 4466431Reference ID: 4480095 

4 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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Clinical Inspection Summary
 
Date July 17, 2019 
From Aisha Johnson, M.D., M.P.H., M.B.A., Medical Officer 

Min Lu, M.D., M.P.H., Acting Team Leader 
Kassa Ayalew, M.D., M.P.H., Branch Chief 
Good Clinical Practice Assessment Branch (GCPAB) 
Division of Clinical Compliance Evaluation (DCCE) 
Office of Scientific Investigations (OSI) 

To Mukil Natarajan, M.D., Medical Officer 
Peter Kim, M.D., M.S. Clinical Team Leader 
Fariba Izadi, PharmD, Regulatory Project Manager 
Division of Anti-Infective Products (DAIP) 

NDA # 211,672 and 211,673 
Applicant Nabriva Therapeutics 
Drug Lefamulin injection 
NME (Yes/No) Yes 
Therapeutic Classification Antibacterial- Systemic 
Proposed Indication(s) Treatment of Community-Acquired Bacterial Pneumonia 
Consultation Request Date 18 January 2019 
Summary Goal Date 19 July 2019 
Action Goal Date 19 August 2019 
PDUFA Date 19 August 2019 

I.	 OVERALL ASSESSMENT OF FINDINGS AND 

RECOMMENDATIONS
 

Clinical data from two studies were submitted as the primary efficacy and safety studies in 
support of this 505(b)(1) NDA for lefamulin (BC-3781). Three study sites were selected for 
clinical inspection as part of PDUFA pre-approval clinical investigation and data validation. 

The study data derived from these clinical sites, based on the inspections, are considered 
reliable in support of the proposed indication.  

II.	 BACKGROUND 

The proposed product (lefamulin) is the first product of the pleuromutilin class of antibiotics.  
The proposed indication for lefamulin is the treatment of adult patients with community-
acquired bacterial pneumonia (CABP) caused by the following susceptible microorganisms: 
Streptococcus pneumoniae 
Staphylococcus aureus (methicillin-susceptible isolates), Haemophilus influenzae, 
Haemophilus parainfluenzae, , Legionella pneumophila, Mycoplasma 

(b) (4)

(b) (4)
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pneumoniae, and Chlamydophila pneumoniae. (b) (4)

There were two studies (Studies 3101 and 3102) submitted as the primary efficacy and safety 
studies in support of this NDA. 

Study 3101 
A Phase 3, Randomized, Double-Blind, Double-Dummy Study to Compare the Efficacy and 
Safety of Lefamulin (BC-3781) Versus Moxifloxacin (With or Without Adjunctive Linezolid) 
in Adults With Community-Acquired Bacterial Pneumonia 

The primary objective of this study was to demonstrate the non-inferiority (NI) of lefamulin 
versus moxifloxacin (with or without adjunctive linezolid) for the treatment of adult subjects 
with moderate to severe community-acquired bacterial pneumonia (CABP). 

To meet the primary endpoint, subjects had to demonstrate the non-inferiority (NI) of 
lefamulin versus comparator with respect to the Early Clinical Response (ECR) (96 ±24 hours 
after the first dose of study drug) in the Intent-to-treat (ITT) Analysis Set. 

Patients were randomized in a 1:1 ratio to receive the following: 
 Lefamulin 150 mg IV q12h for 5 to 10 days; optional switch to 600 mg PO q12h after 3 

full days of IV 
 Moxifloxacin 400 mg IV q24h for 7 to 10 days; optional switch to 400 mg PO q24h 

after 3 full days of IV 

Randomization was stratified by PORT Risk Class (III vs IV and V), geographic region (US vs 
ex-US), and receipt of a single dose of a short-acting antibacterial for CABP before treatment. 

A total of 551 subjects were randomized (1:1) to receive lefamulin (276 subjects) or 
moxifloxacin (275 subjects). Of these, a total of 546 subjects were treated and 495 subjects 
completed the study. 

Sixty-six study sites screened and randomized subjects into the study, including sites in 
Argentina (2 sites), Bosnia and Herzegovina (3 sites), Brazil (1 site), Bulgaria (10 sites), 
Georgia (6 sites), Hungary (4 sites), Latvia (3 sites), Netherlands (1 site), Peru (2 sites), 
Philippines (4 sites), Poland (2 sites), Romania (4 sites), Russian Federation (4 sites), Serbia (4 
sites), South Africa (2 sites), Thailand (1 site), United States (2 sites), and Ukraine (11 sites). 

The first subject was enrolled in the study on 23 February 2016.  The last subject completed 
the study on 12 May 2017. 

Study 3102 
A Phase 3, Randomized, Double-Blind, Double-Dummy Study to Compare the Efficacy and 
Safety of Oral Lefamulin (BC-3781) Versus Oral Moxifloxacin in Adults With Community-
Acquired Bacterial Pneumonia 
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The primary objective was to demonstrate the non-inferiority (NI) of oral lefamulin versus oral 
moxifloxacin for the treatment of adult subjects with CABP. 

To meet the primary endpoint, subjects had to demonstrate the NI of lefamulin versus 
comparator with respect to the Early Clinical Response (ECR) (96 ±24 hours after the first 
dose of study drug) in the Intent-to-treat (ITT) Analysis Set. 

Patients were randomized in a 1:1 ratio to receive the following: 
 Oral lefamulin 600 mg q12h for 5 days (10 doses) and oral moxifloxacin placebo q24h 

for 7 days (7 doses) 
 Oral moxifloxacin 400 mg q24h for 7 days (7 doses) and oral lefamulin placebo q12h 

for 5 days (10 doses). 

Randomization was stratified by PORT Risk Class (III vs IV and V) geographic region (US vs 
ex-US), and receipt of a single dose of a short-acting antibacterial for CABP before 
randomization (yes vs no).  A least 25% of randomized subjects were to have a PORT Risk 
Class of IV or V. No more than 25% of randomized subjects were to have received a single 
dose of a short-acting antibacterial for CABP before randomization. 

A total of 738 subjects were randomized (1:1) to receive lefamulin (370 subjects) or 
moxifloxacin (368 subjects). Of these, a total of 685 subjects completed the study. 

A total of 99 study sites randomized subjects into the study, including sites in Argentina (5 
sites), Bulgaria (12 sites), Chile (1 site), Georgia (5 sites), Hungary (3 sites), Latvia (2 sites), 
Mexico (3 sites), Peru (11 sites), Philippines (4 sites), Poland (2 sites), Romania (4 sites), 
Russian Federation (7 sites), Serbia (4 sites), South Africa (6 sites), South Korea (6 sites), 
Spain (1 site), Taiwan (1 site), United States (US; 9 sites), and Ukraine (13 sites). 

The first subject was enrolled in the study on 30 August 2016.  The last subject completed the 
study on 02 January 2018. 

Rationale for Site Selection 
The Office of Scientific Investigations (OSI) Risk-Based Site Selection Tool (RBSST) was 
utilized to select sites.  Drs. Gonong and Pejcic were also chosen for clinical site inspection 
because they participated in both Studies 3101 and 3102. 

Dr. Joven Roque Gonong: 
 Site # 2002 (Study 3101)- relatively high enrollment (17 subjects), higher rate of deaths 

at and lower efficacy rate in the moxifloxacin arm.  
 Site #2056 (Study 3012) - relatively high enrollment (15 subjects), higher SAE rate 

Dr. Tatjana Pejcic: 
 Site #5003 (Study 3101) was chosen for inspection because of its relatively high 
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enrollment (21 subjects) and higher death rate (compared to study mean) in the 
lefamulin arm.  

	 Site 5055 (Study 3102) was chosen for inspection due to its relatively high enrollment 
(22 subjects) and high efficacy observed in both treatment arms (all subjects in both 
arms met the primary endpoint).  

Dr. Vojislav Radosavljevi: 
	 Site 5051 (Study 3102), was chosen for inspection due to its relative high enrolment 

(34 subjects), and higher discontinuation and SAE rate (than the study mean) for 
subjects in the lefamulin treatment arm. 

III. RESULTS (by site): 

1.	 Dr. Joven Roque V. Gonong (1920 Quezon Avenue, Lung Center of The Philippines, 
Quezon City, National Capital Region, 1100 Philippines; Inspection dates: April 22
May 2, 2019) 

For Protocol 3101, 18 subjects were screened, and 17 subjects were enrolled. Three subjects 

withdrew due to adverse events. The data audit included source records for all 17 enrolled 

subjects. 


For Protocol 3102, 18 subjects were screened, 15 subjects were enrolled, 14 subjects 
completed the study.  One subject withdrew due to an adverse event.  The data audit included 
source records for all 15 enrolled subjects.  

The records reviewed included: subject selection criteria and informed consent forms, test 
article controls including accountability, source data evaluation, concomitant medication and 
procedures, site monitoring records, source documentation, case report forms, adverse events, 
and laboratory reports. 

The primary and secondary endpoint data were verifiable. There was no evidence of under
reporting of adverse events. 


Two items were discussed with the principal investigator during the close-out meeting: 
1.	 Changes to source data without an explanation for one subject for Protocol 3101: 

(b) (6)The PORT Risk Score for Subject  (moxifloxacin) was changed from 44 (on 
12/10/2016) to 46 (on 3/2/2017) without an explanation for the change. However, this 
change did not affect inclusion/exclusion criteria or risk class.  

2.	 Causality, action taken, and severity of AEs should be included in the source 
documentation for Protocols 3101 and 3102: 
It is noted that the causality of AEs was not consistently documented within source 
documents. One serious adverse event was found to be reported incorrectly for Protocol 
3101. This deviation was reported to the Sponsor, appropriately. 
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Other than the isolated findings described above, the inspection revealed adequate adherence to 
the regulations and the investigational plan. There were no objectionable conditions noted and 
no Form FDA-483, Inspectional Observations, was issued. 

2.	 Dr. Tatjana Pejcic (48 Bulevar Dr Zorana Djindica, Pulmonary Clinic- Clinical 

Center Nis, Nis, 18000, Serbia; Inspection dates: April 8-18, 2019)
 

For Protocol 3101, there were 25 subjects screened, 19 subjects enrolled, and 18 subjects 
completed the study.  
subject ( (b) (6)

The data audit included source records for all 19 enrolled subjects.  One 
 lefamulin) withdrew from the study due to an adverse event (chronic 

obstructive pulmonary disease exacerbation), which led to death after 6 days of study 
treatment.  

For Protocol 3102, there were 22 subjects screened and enrolled. All 22 subjects completed the 
study and no serious adverse events were reported.  The data audit included source records for 
all 22 enrolled subjects. 

The records reviewed included: subject selection criteria and informed consent forms, test 
article controls including accountability, source data evaluation, concomitant medication and 
procedures, site monitoring records, source documentation, case report forms, adverse events, 
and laboratory reports. 

The primary and secondary endpoint data were verifiable. There was no evidence of under
reporting of adverse events. 

A single item was discussed with the principal investigator during the close-out meeting— 
enrolling subjects who met study exclusion criteria.  In each case for Protocol 3101, these 

(b) (6)events were reported as major protocol deviations.  For Protocol 3102, Subject 
(lefamulin, treatment success) was ineligible for the study due to inaccurate calculation of the 
PORT score. The Subject’s PORT score was calculated as II due to use of an incorrect birth 
date.  The Subject’s actual PORT score was I making him ineligible for the study.  This 
violation was not reported to the NDA. 

With the exception of the unreported protocol deviation described above, the inspection 
revealed adequate adherence to the regulations and the investigational plan except the items 
described as above. A Form FDA 483 (Inspectional Observations) was not issued. 
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3.	 Dr. Vojislav Radosavljevic (University Medical Center, Bezanijska Kosa, Bezanijska 
Kosa B.B. Belgrade, NA, 11080 Serbia; Inspection dates: May 20-23, 2019) 

At this site, there were 34 subjects screened and randomized for Study 3102.  

subjects completed the study.  There was one death during the study.  Subject
 
(lefamulin) died secondary to pulmonary edema on Study Day 1.  An audit was conducted for 

all 34 enrolled subjects.  


The records reviewed included: subject selection criteria and informed consent forms, test 

article controls including accountability, ethics committee approvals, financial disclosures, 

concomitant medication and procedures, site monitoring records, source documentation, case
 
report forms, adverse events, and laboratory reports. 


The primary and secondary endpoint data were verifiable. There was no evidence of under
reporting of adverse events. 


The inspection revealed adequate adherence to the regulations and the investigational plan. A
 
Form FDA 483 (Inspectional Observations) was not issued.
 

{See appended electronic signature page} 

Aisha P. Johnson, M.D, M.P.H, M.B.A 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 

CONCURRENCE: 

{See appended electronic signature page} 

Min Lu, M.D., M.P.H 
Acting Team Leader, 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 

CONCURRENCE: {See appended electronic signature page} 

Kassa Ayalew, M.D., M.P.H. 
Acting Branch Chief 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
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Office of Scientific Investigations 

CC: 

Central Doc. Rm. 
Review Division /Division Director/Sumathi Nambiar 
Review Division /Medical Team Leader/ Peter Kim 
Review Division /Project Manager/Fariba Izadi 
Review Division/MO/ Mukil Natarajan 
OSI/Office Director/David Burrow 
OSI/DCCE/ Division Director/Ni Khin 
OSI/DCCE/Branch Chief/Kassa Ayalew 
OSI/DCCE/Team Leader/ Min Lu 
OSI/DCCE/GCP Reviewer/ Aisha Johnson 
OSI/ GCP Program Analysts/ Yolanda Patague/ Joseph Peacock 
OSI/Database PM/Dana Walters 
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AISHA P JOHNSON 
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MIN LU 
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KASSA AYALEW 
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FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research
Office of Prescription Drug Promotion 

****Pre-decisional Agency Information**** 

Memorandum 
Date: July 10, 2019
 

To: Mukilan Natarajan, M.D.
 
Division of Anti-Infective Products (DAIP) 

Deepak Aggarwal, Regulatory Project Manager, DAIP 

Abimbola Adebowale, Associate Director for Labeling, DAIP 

From: David Foss, Regulatory Review Officer 
Office of Prescription Drug Promotion (OPDP) 

CC: Jim Dvorsky, Team Leader, OPDP 

Subject: OPDP Labeling Comments for XENLETA (lefamulin) injection, for 
intravenous use and XENLETA (lefamulin) tablets, for oral use 

NDA: 211672, 211673 

In response to DAIP consult request dated January 7, 2019, OPDP has reviewed the proposed 
product labeling (PI) and carton and container labeling for the original NDA submission for 
XENLETA. 

PI: OPDP’s comments on the proposed labeling are based on the draft PI received by 
electronic mail from DAIP on July 3, 2019, and are provided below. 

Carton and Container Labeling: OPDP has reviewed the attached proposed carton and 
container labeling received by electronic mail from DAIP on July 8, 2019, and we do not have 
any comments. 

Thank you for your consult.  If you have any questions, please contact David Foss at 
(240) 402-7112 or david.foss@fda.hhs.gov. 

37 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Division of Pediatric and Maternal Health 
Office of New Drugs 

Center for Drug Evaluation and Research 
Food and Drug Administration 

Silver Spring, MD  20993 
Tel  301-796-2200 

FAX  301-796-9744 

Division of Pediatric and Maternal Health Review 

Date:	 July 3, 2019 Date consulted: January 29, 2019 

From:	 Jacqueline A. Spaulding MD, Medical Officer 
Division of Pediatric and Maternal Health (DPMH) 
Office of Drug Evaluation IV (ODE IV) 

Through:	 Miriam Dinatale, DO, Maternal Health Team Leader 
DPMH/ODE IV 

Lynne P. Yao, MD, OND, Division Director
 
DPMH/ODE IV
 

To:     	 Division of Anti-Infective Products (DAIP) 

Drug: 	 XENLETA (lefamulin) injection, for intravenous (IV) use 
XENLETA (lefamulin) tablets, for oral use 

New Drug 

Application: 211672 and 211673 

Subject:	 Pregnancy and Lactation Labeling 

Applicant:	 Nabriva 

Proposed 

Indication:	 Treatment of adult patients 18 years and older with community-acquired bacteria 
pneumonia (CABP) caused by susceptible microorganisms. 

Consult 

Question: “Review the proposed labeling in sections 8.1 and 8.2 and provide 
recommendations” 

Reference ID: 4457892Reference ID: 4480095 
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Materials Reviewed 

•	 Applicant’s submitted background package and proposed labeling for NDAs 21172 and 
211673 

•	 DPMH consult request dated; Reference ID: 4383021 

INTRODUCTION AND BACKGROUND 

On December 19, 2018, Nabriva submitted a New Drug Application (NDA) for Xenleta 
(lefamulin) injection (NDA #211672) and for Xenleta (lefamulin) tablet (NDA #211673) for the 
proposed indication of the treatment of adult patients 18 years and older with CABP caused by 
susceptible organisms. Lefamulin is a new molecular entity (NME) and the first in the 
pleuromutilin class of antibiotics. The pleuromutilin class of antimicrobials was first discovered 
in the 1950s but the first pleuromutilin was not marketed until 1979 for veterinary use. 

On January 29, 2019, the Division of Anti-infective Products (DAIP) consulted the Division of 
Pediatric and Maternal Health (DPMH) to assist with the pregnancy and lactation subsections of 
labeling. 

Table 1: Lefamulin Drug Characteristics1 

Drug Class pleuromutilin class of antibiotics 
Mechanism of Action It inhibits bacterial protein synthesis  with the A-

and P- sites of the peptidyl transferase center (PTC) in 

(b) (4)

 domain V of the 23s rRNA of the 50S ribosomal 
subunit, 

Dose and Administration 

(b) 
(4)

(b) (4)

•	 150 mg every 12 hours by IV infusion over 60 minutes, 
for 5 to 7 days total 

•	 150 mg every 12 hours by IV infusion over 60 minutes for 5 

(b) (4)
to 7 days 

(b) (4)
• 600 mg orally every 12 hours for 5 days 

Molecular Weight  g/mol 
Protein Binding ̴ 73 to 88% 
Terminal Half-Life 8 hrs. after single oral or IV dose 
Bioavailability 25% 
Adverse Reactions (b) (4)

1 Applicant’s Proposed Lefamulin Product Insert 

Reference ID: 4457892Reference ID: 4480095 
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REVIEW 

PREGNANCY 

CABP and Pregnancy 
•	 Pneumonia in pregnancy is associated with a higher rate of morbidity and mortality than in 

the nonpregnant population due to a number of physiologic changes that may affect 
respiration and immune status. 2 Pregnancy increases the risk of maternal complications from 
pneumonia including the need for mechanical ventilation (in 10-20% of cases), bacteremia 
(in 16% of cases), empyema (in 8% of cases) and pneumothorax, atrial fibrillation and 
pericardial tamponade (in 4% of cases).3 4 

•	 Community-acquired pneumonia can cause pregnancy-related complications including but 
not limited to: preterm labor (in 44% of cases of antepartum pneumonia) with a preterm birth 
rate of 36%,5 small for gestational age infants, low birth weight infants, and neonatal 
mortality (1.9% to 12%)3 

•	 In the United States, the incidence of antepartum community-acquired pneumonia averages 
about 1 per 1,000 pregnancies and ranges from 0.5 to 1.5 per 1,000 depending on the 
population studied. In adults, 60–80% of community acquired pneumonia is caused by 
bacteria; and the common single pathogen is Streptococcus pneumoniae.3 

•	 Management of pneumonia in pregnancy includes admission for evaluation, initiation of 
antimicrobial therapy, fetal evaluation when appropriate, and maintenance of normal 
maternal respiratory function.2 

Bacterial resistance to the most commonly prescribed antibacterial agents has become an 
important issue in the selection of treatment for CABP. The concern for bacterial resistance has 
prompted the applicant to develop a new class of antibiotics (pleuromutilin antibiotics) for IV 
and oral use in humans to which lefamulin is the first in class. 

Nonclinical Experience 
Animal studies indicate that administration of lefamulin resulted in an increased incidence of 
post-implantation fetal loss, stillbirths, and/or pup death during lactation in rats or rabbits treated 
during the period of organogenesis or in rats treated from the beginning of organogenesis 
through the time of weaning.  Decreased fetal body weights and ossification in rats and rabbits, 
and apparent delay in sexual maturation in rats may indicate treatment-related developmental 
delay, while other findings, such as rare malformations (cleft palate, malformed ribs, malformed 
thoracic vertebrae) in rats at systemic exposures greater than 0.2 times the systemic exposure in 
CABP patients, may be evidence of teratogenesis.  

The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D. 

Review of Pharmacovigilance Database 
The applicant did not identify any cases related to pregnancy from their clinical trials. 

2 Graves CR. Pneumonia in Pregnancy. Clinical Obstetrics and Gynecology 2010; 53:329-336
 
3 Goodnight, W and Soper, D. Pneumonia in Pregnancy. Crit Care Med. 2005. 33(10): S390-7.
 
4 Brito V and Niederman M. Pneumonia Complicating Pregnancy. Clin Chest Med. 2011; 32(1): 121-132.
 
5 Sheffield JS, Cunningham FG. Community-Acquired Pneumonia in Pregnancy. Obstet Gynecol 2009; 114:915–22
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Applicant’s Review of Literature 
The applicant did not conduct a review of published literature regarding lefamulin and use during 
pregnancy. 

DPMH’s Review of Literature 
DPMH’s review of literature included PubMed, Embase, ReproTox and TERIS data. DPMH did 
not find any literature involving lefamulin use in pregnancy or pregnancy outcomes. 

Reviewer Comment: Lefamulin is the first member of the pleuromutilin class. There is no 

published information or information from the applicant’s clinical trials regarding the use of 

lefamulin during pregnancy. Based on animal reproduction data, there are concerns of 

embryofetal toxicity, particularly during the period of organogenesis. The reader is referred to 

the Discussion/Conclusion section of this review for further details. 

LACTATION 

Nonclinical Experience 
Lactating rats were given a single intravenous dose of 30 mg/kg radioactive labelled lefamulin. 
Mean concentrations of radioactivity in plasma and milk were maximal at 0.25-hour post dosing 
(3.29 and 10.7 μg equiv./g respectively). Concentrations were markedly reduced 24 hours post 
dosing, with values of 0.00663 and 0.0700 μg equiv./g. Milk/plasma ratios increased from 3.27 

to 8.33 between 0.25 to 6-hour post dosing. These data indicate that pups would be exposed to 
drug-related material in maternal milk. Animal studies indicate that administration of lefamulin 
resulted in pup death in rats treated from the beginning of organogenesis through the time of 
weaning. 

The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D. 

Review of Pharmacovigilance Database 
The applicant did not describe any cases related to lactation from their clinical trials or safety 
database. 

Applicant’s Review of Literature 
The applicant did not conduct a review of published literature regarding lefamulin and use during 
lactation. 

DPMH’s Review of Literature 
DPMH’s review of literature included PubMed, Embase, ReproTox and TERIS data and 
LactMed.  DPMH did not find any literature involving lefamulin use during lactation. 

FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 

Nonclinical Experience
 
In rats, there were no effects on male fertility that were considered related to lefamulin. 

Reproductive indices including mating behavior and fertility were not changed in any group in 

either gender at the highest dose tested (75 mg/kg/day, 0.4 times the mean AUC exposure of 

CABP patients treated IV); that dose was the NOAEL for fertility in male rats.  In females, 

abnormal estrous cycling and increased post-implantation loss were observed at the high dose, 
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making the NOAEL for fertility and early embryonic development in female rats the next highest 

dose, 50 mg/kg/day (approximately 0.22 times the mean AUC exposure of CABP patients 

treated IV).
 

The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D.
 

Applicant’s Review of Literature
 
The sponsor did not conduct a review of the literature regarding lefamulin and effects on fertility. 


DPMH’s Review of the Literature 
DPMH conducted a search of published literature in PubMed and Embase regarding lefamulin 
and its effects on fertility and found no relevant literature. 

DISCUSSION/CONCLUSIONS 

Pregnancy 

Lefamulin is the first member of the pleuromutilin class of antibacterials.  This antibiotic is 
purported to have a unique mechanism of action in that it prevents resistance to other classes of 
antibiotics.  No human pregnancy data are available.  Based on data from animal reproduction 
studies, there are concerns that lefamulin may increase the risk for fetal loss and major fetal 
malformations. Labeling will note this risk via a Warnings and Precautions section for 
Embryofetal Toxicity and will include information under subsection 8.3 for pregnancy testing 
and contraception. Available literature does suggest a Disease-Associated Maternal and/or 
Embryo/Fetal Risk with pneumonia during pregnancy, therefore, a “Clinical Considerations” 
regarding this indication will be proposed for lefamulin labeling. See “DPMH Proposed 
Pregnancy and Lactation Labeling” for details 

In addition, since lefamulin is indicated for a condition that would be expected to be seen in 
females of reproductive potential and during pregnancy and since there are concerns for fetal 
harm based on data from animal reproduction studies, DPMH recommends a post-marketing 
requirement (PMR) for a postmarketing pregnancy study. Since the drug will have a Warning 
and Precautions section and language for contraception and pregnancy testing, DAIP does not 
anticipate that this drug will have significant use in females of reproductive potential; therefore, 
we recommend a PMR for a Pregnancy Surveillance Program. Language regarding the 
Pregnancy Surveillance Program will be included in subsection 8.1 of labeling. 

Lactation 

There are no published data on lefamulin drug levels in human milk or the exposure in 
breastfed infants. Animal studies indicate that lefamulin was detected in the milk of lactating 
rats up to 9-fold the plasma concentration and that there were unexplained deaths that occurred 
in lactating rat pups. When a drug is present in animal milk, it is likely that the drug will also be 
present in human milk. Given the drug’s characteristics (molecular weight <800 Daltons, protein 

binding <90%) and findings in animal studies, it is possible that lefamulin will be present in 
human milk and that an infant may be at risk for harm. DPMH recommends that lefamulin is not 
used during lactation. 

Reference ID: 4457892Reference ID: 4480095 
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In addition, since lefamulin is indicated for a condition that would be expected to be seen in 
females of reproductive potential and during lactation and since there are concerns based on 
animal studies, that the drug may accumulate in human milk, DPMH recommends a PMR for the 
applicant to conduct a milk-only lactation study. 

Females and Males of Reproductive Potential 

No literature was identified regarding the effect of lefamulin on fertility in humans. Lefamulin is 
not genotoxic and no adverse effects on male fertility were seen in animals. In female rats, 
abnormal estrous cycles and an increase in post-implantation loss were observed at 0.22 times 
the mean AUC exposure of CABP patients treated with the IV formulation. Given the 
concerning animal findings regarding teratogenicity and stillbirth, these findings will be 
described in subsection 8.1 of labeling and subsection 8.3 will include information regarding 
pregnancy testing and contraception. 

PMR RECOMMENDATIONS 

DPMH recommends the following: 

1.	 DPMH recommends that the applicant implement a Pregnancy Surveillance Program to 
monitor outcomes of women and infants who are exposed to lefamulin during 
pregnancy and has suggested language for this program to be included in subsections 
8.1. DPMH recommends that the following language is included in a post-marketing 
requirement (PMR): 

•	 Establish a worldwide Pregnancy Surveillance Program (enhanced 
pharmacovigilance) to collect and analyze information for a minimum of 10 
years on pregnancy complications and birth outcomes in women exposed to 
lefamulin during pregnancy. (b) (4)

2. (b) (4)

LABELING RECOMMENDATIONS 

DPMH revised sections 2, 5.4, 8.1, 8.2, 8.3 and 17 of labeling for compliance with the PLLR 
(see below). DPMH discussed our labeling recommendations with the Division on May 8, 2019 
and May 22, 2019. DPMH recommendations are below and reflect the discussions with DAIP. 
DPMH refers to the final NDA action for final labeling.  

Reference ID: 4457892Reference ID: 4480095 
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DPMH Proposed Pregnancy and Lactation Labeling for XENLETA 

HIGHLIGHTS OF PRESCRIBING INFORMATION 

---------------WARNINGS AND PRECAUTIONS---------------------------

•	 Embryofetal toxicity: May cause fetal harm. Advise females of reproductive potential of the 
potential risk to the fetus and to use effective contraception (5.4, 8.1, 8.3) 

----------------USE IN SPECIFIC POPULATIONS-----------------------------

•	 Lactation: Breastfeeding not recommended (8.2) 

FULL PRESCRIBING INFORMATION 

2 DOSAGE AND ADMINISTRATION 

2.x Pregnancy Testing Prior to XENLETA Administration 

Obtain a pregnancy test in females of reproductive potential prior to initiating treatment with 
XENLETA [see Warnings and Precautions (5.4), Use in Specific Populations (8.1, 8.3)]. 

5	 WARNINGS AND PRECAUTIONS 

5.4 Embryo-Fetal Toxicity 

Based on findings from animal studies and its mechanism of action, lefamulin may 
cause fetal harm when administered to pregnant women. Animal studies indicate that 
administration of XENLETA resulted in an increased incidence of post-implantation fetal 
loss, stillbirths, and/or pup death during lactation in rats or rabbits treated during the period of 
organogenesis or in rats treated from the beginning of organogenesis through the time of 
weaning. Decreased fetal body weights and ossification in rats and rabbits, and apparent delay in 
sexual maturation in rats may indicate treatment-related developmental delay, while other 
findings such as rare malformations in rats at systemic exposures greater than 0.2 times the 
systemic exposure in CABP patients may be evidence of embryo-fetal toxicity. Advise pregnant 
women of the potential risk to a fetus. Advise females of reproductive potential to use effective 
contraception during treatment with XENLETA and for 2 days after the final dose [see Use 

in Specific Populations (8.1, 8.3)]. 

8.1 Pregnancy 

Risk Summary 
Based on findings from animal studies and its mechanism of action, XENLETA may cause fetal 
harm when administered to a pregnant woman.  There are no available data on the use of 
XENLETA in pregnant women to evaluate for a drug- associated risk of major birth defects, 
miscarriage or adverse maternal or fetal outcomes. Untreated community acquired pneumonia in 
pregnancy is associated with adverse maternal and fetal outcomes (see Clinical Considerations). 

Animal studies indicate that administration of XENLETA resulted in an increased incidence of 
pre-natal mortality at maternal exposures 0.4 times exposure in clinical patients based on AUC,  
decreased fetal body weights, decreased ossification, and apparent delay in sexual maturation 
that suggest treatment-related developmental delay, and rare malformations in rats at maternal 
exposures greater than 0.2 times the systemic exposure in CABP patients (see Data). 

Reference ID: 4457892Reference ID: 4480095 
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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 of major birth 
defects and miscarriage in clinically recognized is 2 to 4% and15 to 20%, respectively. 

There is a pregnancy pharmacovigilance program for XENLETA. If XENLETA is inadvertently 
administered during pregnancy or if a patient becomes pregnant while receiving XENLETA, 
healthcare providers should report XENLETA exposure by calling xxx-xxx-xxxx. 

Clinical Considerations 
Disease-Associated Maternal and/or Embryo/Fetal Risk 

Untreated community acquired pneumonia in pregnancy is associated with adverse maternal 
outcomes, including maternal respiratory failure requiring mechanical ventilation, bacteremia, 
and empyema, and adverse fetal outcomes, including preterm birth, low birth weight, and 
perinatal infant death. 

Data 
Animal Data 

In a prenatal and postnatal development study in rats treated from the beginning of 
organogenesis through lactation (Gestation day 6 through lactation day 21), the pup live birth 
index was reduced (87.4% compared with the concurrent control of 98.7%) in the high dose 
group of 100 mg/kg/day (0.9 times the mean AUC  in CABP patients).  Equivocal findings in 
that study were indicative of early post-natal mortality and apparent developmental delay that 
may be related to pre-natal effects. 

In the rat embryo-fetal development study of IV lefamulin during organogenesis, findings 
included late resorptions in the high dose group and rare malformations (cleft 
palate/jaw/vertebral malformations at the mid and high doses, and enlarged ventricular heart 
chamber with a thin ventricular wall at the high dose).  Decreased or no ossification in a number 
of skeletal elements in all treated groups may indicate treatment-related developmental delay at 
all doses.  The NOAEL would be the lowest dose, with the mean AUC0-24h approximately 0.4 
times the AUC0-24h in CABP patients.  

The main human metabolite, 2R-hydroxy lefamulin, was evaluated in an embryo-fetal 
development study in rats after IV administration.  The same cardiac malformation seen in the 
above study, enlarged ventricular heart chamber with or without a thin ventricular wall (which 
could be associated with undetected valve or great vessel anomalies) was observed in two litters 
at 20 mg/kg/day, and one 40 mg/kg/day litter had major blood vessel malformations, 
approximating clinical doses of 3.2 and 6.5 mg/kg/day, respectively, of the metabolite.  The fetal 
NOAEL in this study would be the low dose, 10 mg/kg/day, divided BID (mean AUC0-12h = 
1705-2135 ng*h/mL). 

In the rabbit embryo-fetal development study, low numbers of live fetuses in treated groups 
limited evaluation of the study.  Additional findings at the high dose included decreased fetal 
weight and decreased or no ossification of skeletal elements, which may be indicative of 
developmental delay.  A NOAEL was not determined.  The lowest dose (not fully evaluated due 
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to fetal mortality) would correspond to an AUC0-24h approximately 0.14 times the AUC0-24h in 
CABP patients). 

Results of animal studies indicate that XENLETA crosses the placenta and is found in fetal 
tissues. Following a single intravenous administration of 30 mg/kg radio-labelled XENLETA to 
pregnant female rats on Day 17 of gestation, radioactivity was visible in fetal tissue, with 
greatest concentrations measured in the placenta and fetal liver (34.3 and 8.26 mcg equivalents/g 
respectively) compared to 96.6 mcg equivalents/g in the maternal liver. Radioactivity in fetal 
tissues generally declined rapidly, and radioactivity associated with the fetus itself was below the 
limit of quantification by 12 hours post-dose. Radioactivity in the placenta declined rapidly and 
was below the limit of quantification by 24 hours after dosing. Concentrations of radioactivity in 
the amniotic sac remained measurable at the final sampling time (72 hours), peaking at 6 hours 
post-dose. The amniotic fluid did not contain radioactivity at any time after dose administration. 

8.2 Lactation 

Risk Summary 
There are no data on the presence of lefamulin in human milk, its effects on the breastfed infant, 
or its effects on milk production. Animal studies indicate that XENLETA concentrated in the 
milk of lactating rats (see Data). When a drug is present in animal milk, it is likely that the drug 
will be present in human milk. Because of the potential for serious adverse reactions, including 
QT prolongation, advise patients that breastfeeding is not recommended during  treatment with 
XENLETA and for 2 days after the final dose. 

Data 
Administration of a single intravenous dose of 30 mg/kg radio-labelled XENLETA to lactating 
rats resulted in maximal mean concentrations of radioactivity in plasma and milk at 0.25-hour 
post-dose (3.29 and 10.7 mcg equiv./g, respectively) that were markedly reduced at 24 hours 
post-dose(0.00663 and 0.0700 mcg equiv./g, respectively). Milk/plasma ratios increased from 
3.27 at 0.25 hour post-dose to 8.33 at 6 hours post-dose. These data indicate that pups would be 
exposed to drug-related material in maternal milk. 

8.3 Females and Males of Reproductive Potential 

Pregnancy Testing 
Verify pregnancy status in females of reproductive potential prior to initiating XENLETA [see 

Use in Specific Populations (8.1)]. 

Contraception 
Females 

XENLETA may cause fetal harm when administered to pregnant women [see Use in Specific 

Populations (8.1)]. Advise female patients of reproductive potential to use effective 
contraception during treatment with XENLETA and for 2 days after the final dose. 

Reference ID: 4457892Reference ID: 4480095 
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17 PATIENT COUNSELING INFORMATION 

Embryo-Fetal Toxicity 
•	 XENLETA may cause fetal harm when administered to pregnant women. Advise females to 

inform their healthcare provider of a known or suspected pregnancy [see Warnings and 

Precautions (5.4), Use in Specific Populations (8.1)]. 

•	 Advise females of reproductive potential to use effective contraception during treatment with 
XENLETA and for 2 days after the final dose [see Use in Specific Populations (8.3)]. 

•	 Inform patients that Nabriva Therapeutics has a surveillance program for pregnant women 
who have taken XENLETA during pregnancy. Advise patients to call xxx-xxx-xxxx to 
enroll [see Use in Specific Populations (8.1]. 

Lactation 
Advise women that breastfeeding is not recommended during treatment with XENLETA and for 
2 days after the final dose [see Use in Specific Populations (8.2)]. 

Reference ID: 4457892Reference ID: 4480095 
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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING
 

Division of Medication Error Prevention and Analysis (DMEPA)
 
Office of Medication Error Prevention and Risk Management (OMEPRM)
 

Office of Surveillance and Epidemiology (OSE)
 
Center for Drug Evaluation and Research (CDER)
 

Date of This Memorandum: May 17, 2019 

Requesting Office or Division: Division of Anti-Infective Products (DAIP) 

Application Type and Number: NDA 211672 and NDA 211673 

Product Name and Strength: lefamulin Tablets, 600 mg 
lefamulin Injection 150 mg/15 mL (10 mg/mL) 

Applicant/Sponsor Name: Nabriva Therapeutics Ireland DAC (Nabriva)   
c/o Nabriva Therapeutics US, Inc. 

FDA Received Date: May 14, 2019 

OSE RCM #: 2018-2735-1 and 2018-2718-3 

DMEPA Safety Evaluator: Deborah Myers, RPh, MBA 

DMEPA Team Leader: Otto L. Townsend, PharmD 

1 PURPOSE OF MEMORANDUM 
The Division of Anti-Infective Products (DAIP) requested that we review the revised container 
labels (30 count bottle of tablets, professional sample blister card tablets, and vial (injection)), 
carton labeling (b) (4) , vial (injection), and citrate buffered saline bag) for 
lefamulin Tablets, 600 mg and lefamulin Injection 150 mg/15 mL (10 mg/mL) (Appendix A) to 
determine they are acceptable from a medication error perspective.  The revisions are in 
response to recommendations that we made during a previous label and labeling review.a 

2  CONCLUSION 
The Applicant submitted revised container labels (30 count bottle of tablets, professional 
sample blister card tablets, and vial (injection)), carton labeling ( , (b) (4)

vial (injection), and citrate buffered saline bag) for lefamulin Tablets, 600 mg and lefamulin 
Injection 150 mg/15 mL (10 mg/mL) received on May 14, 2019 for lefamulin Tablets, 600 mg 

a Myers, D. Label and Labeling Review for lefamulin (NDAs 211672 and 211673). Silver Spring (MD): FDA, CDER, 
OSE, DMEPA (US); 2019 APR 14. RCM No.: 2018-2735-1 and 2018-2718-3. 

1 
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  and lefamulin Injection 150 mg/15 mL (10 mg/mL).  The Applicant implemented all of our 
recommendations and we have no additional recommendations at this time. 

3 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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LABEL AND LABELING REVIEW 
Division of Medication Error Prevention and Analysis (DMEPA)
 

Office of Medication Error Prevention and Risk Management (OMEPRM)
 
Office of Surveillance and Epidemiology (OSE)
 

Center for Drug Evaluation and Research (CDER)
 

*** This document contains proprietary information that cannot be released to the public*** 

Date of This Review: April 15, 2019 

Requesting Office or Division: Division of Anti-Infective Products (DAIP) 

Application Type and Number: NDA 211672 and NDA 211673 

Product Name and Strength: lefamulin Tablets, 600 mg 
lefamulin Injection 150 mg/15 mL (10 mg/mL) 

Product Type: Single Ingredient Product 

Rx or OTC: Rx 

Applicant/Sponsor Name: Nabriva Therapeutics Ireland DAC (Nabriva)   
c/o Nabriva Therapeutics US, Inc. 

FDA Received Date: December 19, 2018, March 13, 2019, and April 1, 2019 

OSE RCM #: 2018-2735 and 2018-2718-2 

DMEPA Safety Evaluator: Deborah Myers, RPh, MBA 

DMEPA Team Leader: Otto L. Townsend, PharmD 
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1 REASON FOR REVIEW 

As part of the approval process for lefamulin Tablets, 600 mg and lefamulin Injection 150 
mg/15 mL (10 mg/mL), the Division of Anti-Infective Products (DAIP) requested that we 
review the proposed container labels (30 count bottle of tablets, professional sample 
blister card tablets, and vial (injection)), carton labeling ( , vial (b) (4)

(injection), and citrate buffered saline bag), and prescribing information (PI) for areas that 
may lead to medication errors.  

2 REGULATORY HISTORY FOR LEFAMULIN INJECTION (NDA 211673) 

On March 13, 2019, the Agency received Nabriva’s Information Request: Citrate Bag Labeling 
Reviewa for lefamulin seeking our advanced review, ahead of the May 27, 2019 timeline, of 
their proposed revised container label for their proposed citrate buffered saline bag. 

On March 19, 2019, we completed our review and provided recommendations.b  Our 
recommendations were communicated to Nabriva on March 20, 2019.c 

On April 1, 2019, Nabriva submitted their revised container labels, as well as their response to 
our March 20, 2019 labeling recommendations.d 

On April 2, 2019, DMEPA completed our review of the revised container labelse in which we 
found the revised citrate buffered saline bags (two versions: one version includes only the 
established name (lefamulin) and the other version includes “TRADENAME” (as a placeholder 
for an approved proprietary name) for lefamulin acceptable from a medication error 
perspective.  Additionally, we noted in our review that in the event that no proprietary name is 
found acceptable by mid-May 2019, we concur with Nabriva’s strategy to use their revised 
citrate buffered saline bag container label version with the “established generic name” 
(lefamulin) only for the initial commercial product launch supply.  Subsequent bags, beyond the 
initial supply, should be printed with the approved proprietary name. 

a Nabriva Therapeutics US, Inc. Information Request: Citrate Bag Labeling Review for Lefamulin (NDA 211673). King 
of Prussia, PA. Nabriva; 2019 MAR 11. Available from: \\cdsesub1\evsprod\nda211673\0014\m1\us\12-cov
let\cover.pdf 
b Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, 
CDER, OSE, DMEPA (US); 2019 MAR 19. RCM No.: 2018-2738. 
c Aggarwal, D. FDA Communication: NDA 211673 Lefamulin Injection Citrate bag. Silver Spring (MD): FDA, CDER, 
OND, DAIP (US); 2019 MAR 20. NDA 211673. Available from: 
https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af804e5957 
d Nabriva Therapeutics US, Inc. Response to Labeling Comments: Citrate Buffered Saline Bag for Lefamulin (NDA 
211673). King of Prussia, PA. Nabriva; 2019 APR 01. Available from: 
\\cdsesub1\evsprod\nda211673\0020\m1\us\12-cov-let\cover.pdf 
e Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, 
CDER, OSE, DMEPA (US); 2019 APR 02. RCM No.: 2018-2738-1. 
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(b) (4)

(b) 
(4)

3 MATERIALS REVIEWED 


Table 1.  Materials Considered for this Label and Labeling Review 

Material Reviewed Appendix Section 
(for Methods and Results) 

Product Information/Prescribing Information A 

Previous DMEPA Reviews B 

ISMP Newsletters C – N/A 

FDA Adverse Event Reporting System (FAERS)* D – N/A 

Other E – N/A 

Labels and Labeling F 

N/A=not applicable for this review 
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance 

4 FINDINGS AND RECOMMENDATIONS 

Tables 2 and 3 below include the identified medication error issues with the submitted 
container labels (30 count bottle and sample blister ), (b) (4)

and PI, DMEPA’s rationale for concern, and the proposed recommendation to minimize the risk 
for medication error. 

Table 2: Identified Issues and Recommendations for Division of Anti-Infective Products (DAIP) 

Prescribing Information 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 

General Issues 

1. As currently presented,  
the dosage form is listed 
as  injection” 
throughout the 

“Injection” is the 
appropriate dosage form 
for this product.f 

Revise occurrences of “ 
Injection” to the appropriate 
dosage form “Injection.” 

f United States Pharmacopoeia (USP) General Chapter <1121> Nomenclature 

3 
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prescribing 
information(PI). 

Highlights of Prescribing Information – Dosage and Administration 

1. As currently presented, 
the Treatment Durations 
in the table include 
hyphens, “5-7 days.” 

Prescribers may misread 
the hyphen or become 
confused about the 
appropriate duration of 
treatment. 

To provide clarity, we 
recommend replacing the 
hyphens with their intended 
meaning “to.” 

For example, “5 to 7 days.” 

Full Prescribing Information (FPI), Section 2, Dosage and Administration 

1. Lefamulin injection 
requires dilution with a 
provided diluent (250 mL 
of 10 mM citrate 
buffered 0.9% sodium 
chloride). As currently 
presented, there is not a 
sub-section, under 
Section 2, Dosage and 
Administration, that  
provides information 
detailing the correct 
preparation of lefamulin 
solution for intravenous 
infusion. 

Without the inclusion of a 
preparation subsection in 
the PI, we are concerned 
users may not be aware 
that they must combine the 
lefamulin vial contents with 
the intended 250 mL of 10 
mM citrate buffered 0.9% 
sodium chloride.  This lack 
of information regarding 
the correct preparation 
may lead to wrong 
technique medication 
errors.  

Add a sub-section, such as 
“Preparation of TRADEMARK 
Solution for Intravenous 
Infusion”, under Section 2, 
Dosage and Administration, 
that provides information 
detailing the correct 
preparation of lefamulin 
solution for administration. 

Subsequently, we recommend 
that a statement be added 
under Dosage and 
Administration heading in 
Highlights of PI to alert the 
health care provider that 
additional important 
information is in the FPI (e.g., 
See Full Prescribing 
Information for preparation 
and administration of 
injection). 

2. As currently presented, 
there is not a sub
section, under Section 2, 
Dosage and 
Administration, that  
provides information 

Lack of correct storage 
information for the 
lefamulin solution for 
intravenous infusion could 
result in the dispensing or 
administration of 

Add a sub-section, such as 
“Storage of Injection After 
Dilution”, under Section 2, 
Dosage and Administration, 
that provides information 
detailing the correct storage 

4 
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

detailing the correct 
storage of the prepared 
lefamulin solution for 
intravenous infusion.  
Instead, this information 
detailing the correct 
storage of the prepared 
lefamulin solution for 
intravenous infusion is 
currently included in 
Section 16, How 
Supplied/Storage and 
Handling 

deteriorated drug product.  
Additionally, information 
regarding the appropriate 
storage of the prepared 
lefamulin solution for 
intravenous infusion may 
be missed in Section 16. 

after preparation of lefamulin 
solution for intravenous 
infusion. 

Full Prescribing Information (FPI), Section 2.1, Recommended Dosage 

1. As currently presented in 
Table 1, the Treatment 
Durations include 
hyphens, “5-7 days.” 

Prescribers may misread 
the hyphen or become 
confused about the 
appropriate duration of 
treatment. 

To provide clarity, we 
recommend replacing the 
hyphens with their intended 
meaning “to.” 

For example, “5 to 7 days.” 

FPI, Section 2.3, Administration Instructions 

1. As currently presented 
under the subheader 
“TRADEMARK for 
Injection” information is 
included regarding 

We are concerned that the 
statement, 

does not provide 
clarity that there is a 
specific citrate buffered 
saline diluent bag intended 
for preparation of the 
intravenous solution.  Lack 
of information regarding 
the specific citrate buffered 
saline diluent bag intended 
for preparation of the 
lefamulin solution for  
intravenous infusion may 

To provide clarity regarding 
the specific citrate buffered 
saline diluent bag intended 
for preparation of the 
lefamulin solution for 
intravenous infusionand to 
align with the proposed vial 
container label, add “for 
injection provided by 
Nabriva” following the 
current text 

For example, 

5 

Reference ID: 4419312Reference ID: 4480095 



  
 

 

 

 

 

 

 

  
  

 

 
 

 

 
 

 
  

 
 

 
 

 

 
 

 

 

lead to wrong technique 
medication errors. 

FPI, Section 16, How Supplied/Storage and Handling 

1. As currently presented 
the text states “…in a 
single  vial…” 

The inclusion of the 
package type term, “single 

” is not consistent with 
the carton labeling and not 
considered an appropriate 
package type term. 

We defer to the Office of 
Pharmaceutical Quality (OPQ) 
on the determination of the 
appropriate package type 
term.  Once the package type 
term is determined, it should 
be consistent throughout 
labeling. 

2. As currently presented, 
information regarding 
storage after dilution is 
included. 

Information regarding the 
appropriate storage of the 
prepared intravenous 
solution may be missed in 
Section 16 and could result 
in the dispensing or 
administration of 
deteriorated drug product.  

As previously mentioned 
above as recommendation #2, 
under Full Prescribing 
Information (FPI), Section 2, 
Dosage and Administration; 
Relocate the storage after 
dilution as a sub-section, such 
as “Storage of Injection After 
Dilution”, under Section 2, 
Dosage and Administration. 

3. 

Container Labels and Carton Labeling 

1. The established name is 
presented as the 

 instead of the 
active moiety. 

According to the We defer to OPQ on the 
determination of the 
appropriate established 
name. If OPQ determines 
that the established name 

 lefamulin), the 
container labels and carton 
labeling should be revised. 

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

6 

Reference ID: 4419312
Reference ID: 4480095
 



 

 

 

 

 
 

 
 

 
 

 
 

  
 

 
  

 
 

 
 

 

 
 

 
 

 

  

 
 

 
 

   
 

 

  

(b) (4)

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

(b) (4)

(b) (4)

Table 3: Identified Issues and Recommendations for Nabriva (entire table to be conveyed to 
Applicant) 

Container Labels and Carton Labeling 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
1. The proposed 

proprietary name, 
“ ” is included on 
the container labels (30 
count bottle and sample 
blister 

Your proposed proprietary 
name,  under IND 
106594, was found 
unacceptable by the 
Agency, on December 19, 
2018.  Additionally, your 
proposed proprietary 
name, Xenleta, submitted 
under NDA 211672, on 
January 25, 2019, is 
currently under review by 
the Agency. 

Replace all references to 
“ ” with the 
placeholder “TRADENAME” in 
the intended font size and 
location.  Once a proprietary 
name is found conditionally 
acceptable, you can then 
replace the placeholder, 
“TRADENAME” with the 
conditionally acceptable 
proprietary name and submit 
the revised labeling for our 
review.  

2. As currently presented, 
the format for the 
expiration date is 
defined as MMYYYY. 

The use of two letter 
alphabetical abbreviations 
(i.e., the alphabetical 
abbreviation “JU” can 
represent both “June” and 
“July” and the alphabetical 
abbreviation “MA” can 
represent both “March” 
and “May”) within the 
expiration date can result in 
confusion regarding the 
actual expiration date 
leading to deteriorated 
drug medication errors. 

To minimize confusion and 
reduce the risk for 
deteriorated drug medication 
errors, we recommend that 
the human-readable 
expiration date on the drug 
package label include a year, 
month, and non-zero day. 
FDA recommends that the 
expiration date appear in 
YYYY-MM-DD format if only 
numerical characters are used 
or in YYYY-MMM-DD if 
alphabetical characters are 
used to represent the month.  

g Guidance for Industry: Naming of Drug Products Containing Salt Drug Substances. 2013. Available from: 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM379753.pdf 
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

If there are space limitations 
on the drug package, the 
human-readable text may 
include only a year and 
month, to be expressed as: 
YYYY-MM if only numerical 
characters are used or YYYY
MMM if alphabetical 
characters are used to 
represent the month.  FDA 
recommends that a hyphen or 
a space be used to separate 
the portions of the expiration 
date. 

Container Label - sample blister card 

1. As currently presented, 
the “DOSAGE and 
ADMINISTRATION” 
statement is “Take one 
tablet by mouth. every 
12 hours.” 

There is an extraneous 
period included within the 
sentence “Take one tablet 
by mouth. every 12 hours.” 
following the word 
“mouth.”  The presence of 
an extraneous period in the 
middle of the sentence 

To improve readability, 
remove the extraneous 
period included within the 
sentence “Take one tablet by 
mouth. every 12 hours.” 

For example, “Take one tablet 
by mouth every 12 hours.” 

could negatively impact 
readability and cause the 
reader to think  that the 
sentence has finished 
(“Take one tablet by 
mouth.”) and there is no 
additional pertinent 
information.  Thus, a reader 
might miss the frequency 
(“every 12 hours”). 

Container Label (sample blister card) 

1. As currently presented, 
the term

 is included. 

The Agency does not 
consider  to be 
drug samples.  The Agency 
defines as 
prescription drug products 

Remove all references to
 and replace 

with terms that clearly denote 
the packaging status as a drug 
sample (e.g., “sample,” 

8 
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distributed without charge 
by manufacturers or 
distributors to pharmacists 
with the intent that 
pharmacists place the drugs 
in stock and sell them at 
retail.h  Therefore, 
“Professional samples 
packaged as packs or kits 
should not be labeled with 
terms such as starter, 
starter samples, and patient 
starter pack”i per (21 CFR 
203.38(c)). 

“professional courtesy 
package.”) (see (21 CFR 
203.38(c)). 

Container Label and Carton Labeling – Vial 

1. As currently presented, 
the within the storage 
statement on the vial 
container label and 
carton labeling is, “…at 
36°F to 46°F (2°C to 
8°C).” 

The Centigrade 
temperatures normally 
precede Fahrenheit 
temperatures in storage 
statements.  Additionally, 
this storage statement on 
the vial container label and 
carton labeling, “…at 36°F 
to 46°F (2°C to 8°C).” is 
inconsistent with the 
storage statement included 
in the proposed prescribing 
information (PI), “…at 2°C 
to 8°C (36°F to 46°F)”. 

To provide clarity and 
consistency with the storage 
information in the PI, change 
the current text “…at 36°F to 
46°F (2°C to 8°C).” to “…at 2°C 
to 8°C (36°F to 46°F)”. 

Container Label – Vial 

h See the final rule “Prescription Drug Marketing Act of 1987; Prescription Drug Amendments of 1992; Policies, 
Requirements, and Administrative Policies” (December 3, 1999, 64 FR 67720 at 67742). Available from 
https://www.govinfo.gov/content/pkg/FR-1999-12-03/pdf/99-30954.pdf. 
i Guidance for Industry: Safety Considerations for Container Labels and Carton Labeling Design to Minimize 
Medication Errors. Food and Drug Administration. 2013 (lines 758-759). Available from 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM349009.pdf 
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1. As currently presented 
the package type is not 
stated on the principal 
display panel (PDP) of the 
container label.j 

The package type on the 
container labels identifies 
how the medication should 
be safely handled and used. 
Lacking this information may 
lead to wrong technique 
medication errors in the 
preparation of the product. 

Add the appropriate package 
type (i.e., Single-Dose Vial) to 
the PDP. 

2. As currently presented, 
the storage statement, 
“Refrigerate at 36°F to 
46°F (2°C to 8°C).” lacks 
the statement “Must be 
refrigerated.”  
Additionally, the storage 
statement on the 
container label, 
“Refrigerate at 36°F to 
46°F (2°C to 8°C).” does 
not align with the 

Improperly storing this 
product (i.e., not 
refrigerating the product 
prior to reconstitution) 
could lead to deteriorated 
drug medication errors. 

Revise and bold the 
statement to include “Must 
be refrigerated.” 

Additionally, to align with 
recommendation #1 under 
the header Container Label 
and Carton Labeling – Vial 
(see above), change the 
current text “…at 36°F to 46°F 
(2°C to 8°C).” to “…at 2°C to 
8°C (36°F to 46°F)”. 

storage statement on the 
carton labeling, MUST BE 
REFRIGERATED. Store at 
36°F to 46°F (2°C to 
8°C).” 

For example, “MUST BE 
REFRIGERATED. Store at 2°C 
to 8°C (36°F to 46°F).” 

5 CONCLUSION
 

Our evaluation of the proposed container labels (30 count bottle of tablets, professional sample 
blister card tablets, and vial (injection)), carton labeling ( , vial (b) (4)

(injection), and citrate buffered saline bag), and PI identified areas of vulnerability that may 
lead to medication errors.  Above, we have provided recommendations in Table 2 for the 
Division and Table 3 for the Applicant. We ask that the Division convey Table 3 in its entirety to 
the Nabriva so that recommendations are implemented prior to approval of this NDA. 

j Guidance for Industry: Selection of the Appropriate Package Type Terms and Recommendations for Labeling 
Injectable Medical Products Packaged in Multiple-Dose, Single-Dose, and Single-Patient-Use Containers for Human 
Use. 2015. Available from 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM468228.pdf 
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(b) (4)

APPENDICES: METHODS & RESULTS FOR EACH MATERIAL REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION 

Table 4 presents relevant product information for lefamulin that Nabriva submitted on 
December 19, 2018. 

Table 4. Relevant Product Information for lefamulin 

Initial Approval Date N/A 

Active Ingredient lefamulin 

Indication treatment of adult patients with community-acquired bacterial 
pneumonia (CABP) caused by susceptible microorganisms 

Route of Administration Oral 
Intravenous infusion 

Dosage Form Tablets 
Injection 

Strength Tablets: 600 mg 
Injection: 150 mg/15 mL (10 mg/mL) 

Dose and Frequency Tablets: 600 mg (one tablet) orally every 12 hours 
Injection: 150 mg every 12 hours by intravenous infusion over 60 
minutes 

How Supplied Tablets: Available as blue, oval, coated tablets containing 
lefamulin acetate equivalent to 600 mg lefamulin. The tablet is 
printed with ‘LEF 600’ in black on one side. They are supplied as 
follows: 
 Bottles of 30 tablets with Child-resistant closure   
 Unit dose opaque blister packs that contain 2 tablets 

(Sample Packs) 

Injection: is a clear, colorless, sterile, nonpyrogenic solution for 
intravenous administration containing 150 mg of lefamulin in 15 
mL 0.9% sodium chloride in a single  vial intended dilution in 
250 mL of 10 mM citrate buffered (pH 5) 0.9% sodium chloride. 
The diluent is provided in infusion bags containing 250 mL of 
sterile, nonpyrogenic 10mM citrate buffered (pH 5) 0.9% sodium 
chloride solution. They are supplied as follows: 
150 mg single dose lefamulin vials; packed in cartons of 6. 
250 mL citrate buffer diluent bags; packed in cartons of 6. 

Storage Tablets: Should be stored at 20°C to 25°C (68°F to 77°F); 
excursions permitted to 15°C to 30°C (59°F to 86°F) [see USP 
Controlled Room Temperature]. 
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(b) (4) (b) (4)

(b) (4)

(b) (4)

Injection: Should be stored at 2°C to 8°C (36°F to 46°F). Store in a 
refrigerator. Do not freeze. The diluent bags should be stored at 
20°C to 25°C (68°F to 77°F); excursions permitted between 15°C 
and 30°C (59°F and 86°F) [See USP Controlled Room 
Temperature]. 
 After dilution: The chemical and physical in-use stability 

has been demonstrated for up to 24 hours at room 
temperature and up to 48 hours when refrigerated, 2°C 
to 8°C (36° to 46°F). 

Container Closure Tablets: HDPE bottles of 30: White 75 mL HDPE 
bottle, with child-resistant closure and inner seal. 
Unit dose opaque blister packs that contain 2 tablets (Sample 
Packs): Blister packs formed from opaque 

Injection: The drug product is provided in a clear type I glass 15 
mL vial with a gray rubber stopper, aluminum seal and white 

flip off cap. 
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APPENDIX B. PREVIOUS DMEPA REVIEWS 
B.1 Methods 

On April 1, 2019, we searched the L:drive and AIMS using the terms, Xenleta and lefamulin and 
to identify reviews previously performed by DMEPA. 

B.2 Results 

Our search identified threeb,e,k previous reviews that we reviewed and determined onek 

included the denial of the proposed proprietary name (b) (4)***.  This name denial 
information was used for the basis of our recommendation to replace all references to 
“ (b) (4)” with the placeholder “TRADENAME” on the proposed container labels and carton 
labeling.  The other two of these reviewsb,e  were previously mentioned in the Regulatory 
History (Section B) of this review. 

8 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 

k Myers, D. Proprietary Name Review for (b) (4)  (lefamulin) IND 106594 and 125546. Silver Spring (MD): FDA, 
CDER, OSE, DMEPA (US); 2018 DEC 14.  RCM No.: 2018-24380138 and 2018-24406170. 
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Interdisciplinary Review Team for QT Studies Consultation Review
 

Submission NDA # 211272 & 211673 

Submission Number # 0001 

Submission Date 12/19/2018 

Date Consult Received 1/11/2019 

Clinical Division OAP/DAIP 
Note: Any text in the review with a light background should be inferred as copied from the sponsor’s 
document. 

This review responds to your consult regarding the sponsor’s QT evaluation. The QT-IRT reviewed the 
following materials: 
 Previous QT-IRT review dated 02/10/2011 in DARRTS (link); 
 Previous QT-IRT review dated 03/21/2011 in DARRTS (link); 
 Previous QT-IRT review dated 09/06/2011 in DARRTS (link); 
 Previous QT-IRT review dated 10/11/2011 in DARRTS (link); 
 The Sponsor’s concentrations-QT analysis report (SN0001 / SDN001; link); 
 The Sponsor’s study report NAB-BC-3781-1001 (SN0001 / SDN001; link); 
 The Sponsor’s study report NAB-BC-3781-1007 (SN0001 / SDN001; link); 
 The Sponsor’s cardiac safety report (SN0001 / SDN001; link); 
 Proposed product label (SN0014 / SDN014; link); and 
 Highlights of clinical pharmacology and cardiac safety (SN0003 / SDN003; link). 

1 SUMMARY 
Concentration-dependent QTc prolongation effect of lefamulin injection and lefamulin tablets was 
detected in this QT assessment. 

The effect of lefamulin injection was evaluated in clinical studies 1001 and 1007. The highest dose of 
lefamulin evaluated was 400 mg (administered as 0.5-hour infusion), which is the maximum studied dose 
and also covers the worst-case exposure scenario (CYP3A inhibition, section 3.1). The data from both 
studies was analyzed using exposure-response analysis as the primary analysis, which suggested that 
lefamulin is associated with significant QTc prolonging effect in a nonlinear and concentration-dependent 
manner (refer to section 4.5) – see Table 1 for overall results. The findings of this analysis are further 
supported by the available nonclinical data (section 3.1) and central tendency analysis (section 4.3) and 
categorical analysis (section 4.4). 

The sponsor conducted 2 randomized, double-blind, double-dummy, active controlled, parallel group 
phase-3 studies in adult patients with community-acquired bacterial pneumonia. For intravenous infusion, 
the mean change from baseline in QTcF interval (on Day 3 post-dose) was 13.6 ms (90% two-sided upper 
confidence interval: 15.5 ms) at 150 mg twice daily dose of lefamulin (administered as intravenous 
infusion; Study 3101). Similarly, for oral administration, the mean change from baseline in QTcF interval 
(on Day 4 post-dose) was 9.3 ms (90% two-sided upper confidence interval: 10.9 ms) at 600 mg twice 
daily dose of lefamulin (administered as tablet; Study 3102). These observations were consistent with the 
model predicted values for the corresponding peak concentrations of lefamulin. The peak concentrations 
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with tablet formulation (2240 ng/mL) were relatively lower than that observed with intravenous 
administration (3030 ng/mL) possibly contributing to the differences in the mean change from baseline in 
QTcF interval. 

Table 1: The Point Estimates and the 90% CIs 
(FDA’s Nonlinear Exposure-Response Analysis) 

ECG 
parameter 

Treatment Concentration ∆∆QTcF 
(ms) 

90% CI (ms) 
(lower, upper) 

QTc 150 mg Injection* 

(twice daily) 
3030 ng/mL 10.9 (9.4, 13.5) 

QTc 600 mg tablet 
(twice daily) 

2240 ng/mL 10.2 (8.8, 12.7) 

*administered as intravenous infusion 

1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 

Not applicable. 

1.2 COMMENTS TO THE REVIEW DIVISION 

Not applicable 

2 PROPOSED LABEL 
Our changes are highlighted (addition, deletion). Each section is followed by a rationale for the changes 
made. Please note, that this is a suggestion only and that we defer final labeling decisions to the Division. 

5.1 QT Prolongation 
Xenleta has the potential to prolong the QT interval of the electrocardiogram in some 
patients. Avoid Xenleta in patients with the following (b) (4)

•	 Known prolongation of the QT interval 
•	 Ventricular arrhythmias including torsades de pointes 
•	 Patients receiving Class IA (for example, quinidine, procainamide) or Class III 

(for example, amiodarone, sotalol) antiarrhythmic agents 
•	 Patients receiving other drugs that prolong the QT interval, such as 


antipsychotics, erythromycin, pimozide, and tricyclic antidepressants
 

In patients with renal failure who require dialysis, metabolic disturbances associated 
with renal failure may lead to QT prolongation. 

In patients with mild, moderate, or severe liver cirrhosis, metabolic disturbances 
associated with hepatic (b) (4)  may lead to QT prolongation. 

The magnitude of QT prolongation may increase with increasing concentrations of 
Xenleta or increasing the rate of infusion of the intravenous formulation. Therefore, the 
recommended dose and infusion rate should not be exceeded. 

Reference ID: 4414642Reference ID: 4480095 
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(b) (4)

Reviewer’s comments:  If there is a need to administer Xenleta with another drug that 
prolongs the QT interval, the sponsor should consider monitoring ECGs during 
concomitant administration. 

12.2 Pharmacodynamics 
Cardiac Electrophysiology 

The QTcF interval prolongation risk of Xenleta was evaluated using 2 randomized, 
double-blind, double-dummy, active controlled (moxifloxacin 400 mg once daily), 
parallel group, phase-3 studies in adult patients with community-acquired bacterial 
pneumonia. A concentration dependent QTc prolongation effect of Xenleta was 
observed. The mean placebo-corrected change from baseline QTcF (90% two-sided 
upper confidence interval) values around Tmax were 13.6 ms (15.5 ms) for 150 mg 
injection administered twice daily as infusion and 9.3 ms (10.9 ms) at 600 mg tablet 
administered twice daily. 

Reviewer’s comments: The sponsor evaluated concentration-QTc relationship using 
linear regression of pooled data from several studies with intravenous and oral 
administration. Sponsor’s linear model has a major limitation as the FDA analysis 
suggested a non-linear (Emax, saturable) relationship between lefamulin 
concentration and ΔQTcF. Considering the non-linear relationship between 
concentration and ΔQTcF and lack of information on the mechanistic aspects, we 
recommend reporting the observed data on QTc interval from 2 randomized, double-
blind, phase-3 studies in adult patients with community-acquired bacterial pneumonia. 
These observations are consistent (but with numerical differences) with the FDA 
concentration-QTc analysis describing non-linear relationship between concentration 
and ΔQTcF (Emax model) using data from studies 1001 and 1007. 

3 SPONSOR’S SUBMISSION 

3.1 OVERVIEW 

Nabriva Therapeutics is developing a semi-synthetic pleuromutilin class antibacterial agent, lefamulin 
(BC-3781.Ac, acetate salt, MW: g/mol), for the treatment of adult patients with community-
acquired bacterial pneumonia (CABP). Lefamulin inhibits bacterial protein synthesis possibly by 

(b) (4)

interacting with the A- and P- sites of the peptidyl transferase center in the central part of domain V of the 
23s rRNA of the 50S ribosomal subunit, preventing correct positioning of the tRNA. 
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intravenous infusion over 60 minutes followed by 600 mg dose to be administered every 12 hours orally 
totally for 5-7 days; and 3) 600 mg dose to be administered every 12 

hours orally for 5 days. The peak concentrations of lefamulin ~2900 ng/mL (CV: 31%) are observed at 

(b) (4)

The sponsor developed 2 drug products 1) coated immediate-release tablets (NDA-211672) for oral 
administration (equivalent to 600 mg free base), 2) a single-use vial (NDA-211673) for intravenous 
administration (acetate salt; equivalent to 150 mg free base in 15 mL 0.9% NaCl) after dilution into 250 
mL of a custom-made citrate-buffered normal saline. The sponsor used capsule formulation in early 
development and the bioavailability of lefamulin from both the tablet and capsule formulations were 
comparable (Study # 1107). The exposure (AUCinf) to lefamulin from a 600 mg tablet (under the fasting 
condition) was comparable to that observed with a 150 mg intravenous infusion (adjusted GMR: 103.36%) 
with almost 50% lower Cmax (adjusted GMR: 49.10%). 

The sponsor proposes three dosing regimens 1) 150 mg dose to be administered every 12 hours as 
intravenous infusion over 60 minutes for 5-7 days; 2) 150 mg dose to be administered every 12 hours as 

the steady-state with multiple intravenous administration at 150 mg (twice daily) dose. Similarly, the peak 
concentrations of lefamulin ~2100 ng/mL (CV: 38%) are observed at the steady-state with multiple oral 
administration at 600 mg (twice daily) dose. 

Lefamulin is metabolized by CYP3A4/5 forming (~14 to 17%) its main inactive (2R)-hydroxy metabolite 
(BC-8041). Following concomitant administration of lefamulin (400 mg single oral dose) with the strong 
CYP3A inhibitor ketoconazole (200 mg twice daily for 3 days), the mean Cmax and AUCinf increased 
by 1.6-fold (~1550 ng/mL) and 2.65-fold (~11000 ng.h/mL), repsectively (Study # 1103). The effect drug 
interaction on the exposures of lefamulin was lower with intravenous administration (Cmax: 1.06-fold 
increase and AUC 1.3-fold increase). Considering drug interaction with strong CYP3A4 inhibitor as a 
worst-case scenario, the clinically relevant exposures at the highest therapeutic dose are expected to be 
~3400 ng/mL with oral administration and ~3100 ng/mL with intravenous administration. 

Previously, the sponsor submitted thorough QT study protocol for the QT-IRT’s review with 400 mg as a 
supra-therapeutic dose. However, based on the available clinical and non-clinical data, lefamulin was 
considered to be a QTc prolonger at the potential therapeutic dose (100-150 mg bid as infusion over 1h; 
for 14 days). The QT-IRT recommended (Dt: 02/10/2011) that the sponsor performs intensive ECG 
monitoring in the on-going and future clinical studies without a need of thorough QT study. Subsequently, 
the QT-IRT provided (Dt: 03/21/2011) specifics on 1) ECG monitoring (at baseline and at steady state 
within the time window between the end of the infusion and 2 hours post-infusion) in the ongoing and 
future clinical studies; 2) exposure-response analysis including central tendency analysis and categorical 
analysis. The sponsor’s responses on the intensive ECG monitoring plan, dose reduction plan, and 
inclusion and exclusion criteria were acceptable to the QT-IRT (Dt: 09/06/2011). Further, the QT-IRT 
also reviewed (Dt: 10/11/2011) protocol synopsis for study NABBC-3781-3001 and provided specifics 
on the subjects to be excluded or discontinued from the study. 

The sponsor submitted pooled concentrations-QT analysis to characterize the relationship between plasma 
concentration of lefamulin and changes in the QTcF using the data from 5 studies with intravenous 
administration (Studies 1001, 1002, 1003, 1007, and 1009) and 6 studies with oral administration (Studies 
1001, 1002, 1004, 1005, 1006, and 1007), separately. The sponsors states that ECGs were analyzed by the 
same ECG core lab using the same methodology, processes, and programs. Considering that the relatively 
higher doses of intravenous injection were studied in study 1001 and 1007, the reviewer’s analyses 
included only these studies (Refer to Appendix Section 5.1). 
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3.2 SPONSOR’S RESULTS 

3.2.1 Central tendency analysis 
The reviewer’s double delta analysis and the sponsor’s single delta analysis lead to similar conclusions. 
Please see Section 4.3 for additional details. 

3.2.1.1 Assay Sensitivity 
No assay sensitivity was conducted by the sponsor. Please see section 4.2.2 for additional details. 

3.2.1.1.1 QT bias assessment 
No QT bias assessment was conducted by the sponsor. Please see section 4.2.2 for QT bias assessment 
conducted by the reviewers. 

3.2.2 Categorical Analysis 
The results of the reviewer’s analysis are similar to the sponsor’s results. Please see Section 4.4 for 
additional details. 

3.2.3 Safety Analysis 

3.2.3.1 Study NAB-BC-3781-1001 
There were no deaths or SAEs and no subject discontinued the study due to AEs. 

The number of subjects with abnormal finding other than QT/QTc changes is summarized by treatment 
(b) (6)group in Table 2. Subject had several ventricular extra-systoles in the ECG after dosing in sessions 

2, 3 (both 50 mg) and 4 (placebo). These findings were judged as not clinically significant by the 
Investigator. 

Table 2: Subjects with Abnormal ECG Findings 

Source: Table 18 in CSR 

3.2.3.2 Study NAB-BC-3781-1007 
There were no deaths or SAEs, and no subject discontinued the study due to AEs. There were no AEs of 
severe intensity. 

Three subjects in Part A (Subjects 
(b) (6)

, and ) and two subject in Part B (Subject , placebo; 
Subject , 200 mg BC-3781 q12h) had a prolonged QRS/(incomplete) right bundle branch block at pre- 

(b) (6)(b) (6) (b) (6) (b) (6)

and post-dose (all three subjects in Part A after BC-3781 and placebo treatment) or only post-dose (both 
subjects in Part B), without showing any treatment-related pattern. An AV-block first degree was seen in 

(b) (6)the ECGs of three subjects, in one of them (Subject ) once after single dose administration of BC-3781 
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in saline and in two subjects (Subjects 

) had a sinus bradycardia after dosing. Subject (150 mg BC-3781 q12h) 
had a sinus arrhythmia once on Day 2. 

and (b) (6)

(b) (6)
) pre- as well as post-dose after placebo dosing in Part 

(b) (6) (b) (6)

(b) (6)
B. Three subjects in the placebo group (Subjects 

(b) (6)

(b) (6)
, and ) and one subject in the 200 mg BC

3781 q12h group (Subject 

Reviewer’s comment: None of the events identified to be of clinical importance per the ICH E14 guideline 
(i.e., syncope, seizure, significant ventricular arrhythmias or sudden cardiac death) occurred in studies 
1001 and 1007. 

3.2.4 Exposure-Response Analysis 
The sponsor performed PK-PD analyses to explore the relationship between the change from baseline in 
QTc intervals (ΔQTcF) and plasma concentrations of lefamulin using a linear regression method. The 
pooled C-QT linear regression analysis for both intravenous and oral administration showed a significant 
(p <0.0001) concentration dependent QTcF prolongation. The sponsor’s regression analysis estimated 
placebo-corrected change from baseline QTcF values of 13.2 ms at the mean peak parent plasma levels 
for the therapeutic dose (Cmax,ss: 2770 ng/mL). 

Reviewer’s comment: The sponsor’s regression analysis suggested statistically significant, positive 
slopes between ΔQTcF and lefamulin concentration. The reviewer’s analysis revealed a non-linear 
relationship between ΔQTcF and lefamulin concentration. The sponsor’s analysis did not follow White 
paper model or include assessment of delayed effects, assessment of linearity, model selection criterion 
etc. The reviewer does not agree with sponsor’s proposal to report model predictions based on linear 
regression. Please see section 4.5 for additional details. 

4 REVIEWERS’ ASSESSMENT 

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 

The sponsor used QTcF for the primary analysis, which is acceptable as no significant increases or 
decreases in heart rate (i.e. mean < 10 bpm) were observed (see Sections 4.3.2 and 4.5). 

4.2 ECG ASSESSMENTS 

4.2.1 Overall 
Overall ECG acquisition and interpretation in study 1001 and study 1007 appears acceptable. 

4.2.2 QT bias assessment 
QT bias assessment was conducted by evaluating the relationship between the difference between the 
sponsor provided QT measurements and the automated algorithm used by the ECG Warehouse and the 
mean of the two measurements (BA-slope). The resulting QTcF BA-slope by treatment 
(active/placebo/overall) is presented for study 1001 (Table 3) and study 1007 (Table 4). This analysis does 
not suggest the presence of significant negative treatment bias. 

Table 3: QTcF Bias Assessment by Treatment in Study 1001 
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms 

Overall 2107 -14.99 (4.06) -5.03 [-6.1 to -3.96] 

Treatment 1579 -15.07 (4.13) -4.65 [-5.87 to -3.43] 
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Placebo 528 -14.74 (3.83) -6.26 [-8.63 to -3.88] 

Table 4: QTcF Bias Assessment by Treatment in Study 1007 
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms 

Overall 4376 -9.8 (5.75) -5.99 [-6.98 to -5] 

Treatment 2922 -9.95 (6.11) -5.42 [-6.62 to -4.21] 

Placebo 1454 -9.51 (4.95) -7.63 [-9.79 to -5.48] 

4.3 CENTRAL TENDENCY ANALYSIS 

4.3.1 QTc 
Data from Phase I studies 1001 and 1007 were selected for central tendency analysis. Placebo arms in Part 
B of Study 1007 were pooled. The statistical reviewer used mixed model to analyze the QTcF effect by 
time point. The model includes treatment as a fixed effect and subject as a random effect. Baseline values 
are also included in the model as a covariate. Table 5 displays the results of central tendency analysis. The 
sponsor listed descriptive statistics for QTcF. 

Table 5: The Point Estimates and the 90% CIs on ΔΔQTcF Corresponding to the Largest Upper
 
Bounds
 

∆∆QTcF (ms) 

Study 
Cohort/ 

Part Treatment Day 
Time 

(Hour) N LSMean 90% CI 

1001 Cohort 1 25 mg 1 6 8 2.6 (-0.5, 5.8) 

50 mg 1 1 8 2.4 (-1.6, 6.5) 

100 mg 1 1.25 6 3.5 (-7.0, 14.0) 

Cohort 2 200 mg 1 1.25 8 12.9 (7.3, 18.6) 

300 mg 1 1.25 8 22.0 (16.4, 27.6) 

400 mg 1 1.25 8 25.9 (20.3, 31.5) 

1007 Part A 400 mg S 1 1 6 19.6 (12.9, 26.3) 

400 mg CS 1 1 6 18.4 (11.8, 25.0) 

Part B 150 mg CS 1 3 8 7.9 (2.8, 13.0) 

6 2 8 10.3 (2.4, 18.1) 

200 mg CS 1 3 8 12.8 (7.6, 17.9) 

6 2 8 19.0 (11.1, 26.9) 

The following figure displays the time profile of ΔΔQTcF for different treatment groups. 
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Figure 1: Mean and 90% CI on ΔΔQTcF Time Course (unadjusted CIs) 

4.3.1.1 Assay sensitivity 
Not applicable. 

4.3.2 HR 
The same statistical analysis was performed based on HR (Figure 2). No HR effect was found for the 
research compound in the two studies. 
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Figure 2: Mean and 90% CI on ΔΔHR Time Course 

4.3.3 PR 
The same statistical analysis was performed based on PR interval (Figure 3). 
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Figure 3: Mean and 90% CI on ΔΔPR Time Course 

4.3.4 QRS 
The same statistical analysis was performed based on QRS interval (Figure 4). 
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Figure 4: Mean and 90% CI on ΔΔQRS Time Course 

4.4 CATEGORICAL ANALYSIS 

4.4.1 QTc 
Data from Phase II study 2001 and Phase III studies 3101 and 3102 were selected for categorical analysis. 
Table 6 lists the number of subjects as well as the number of observations whose QTcF values were 
between 450 ms and 480 ms, between 450 and 500 ms, and >500 ms. Except higher numbers for QTcF 
between 450 ms and 480 ms in studies 3101 and 3102, the reviewer’s results are the same as the sponsor’s 
results for the research compound.    

Table 6: Categorical Analysis for QTcF 
Total N 450<QTcF<=480 ms 480<QTcF<=500 ms QTcF>500 ms 

Study Treatment 
Group Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. #

 2001 Baseline 207 208 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 
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Total N 450<QTcF<=480 ms 480<QTcF<=500 ms QTcF>500 ms 

Study Treatment 
Group Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # 

BC-3781 100 mg 
IV q12h 

70 675 5 (7.1%) 8 (1.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

BC-3781 150 mg 
IV q12h 

71 684 2 (2.8%) 4 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Vancomycin 1 g 
IV q12h 

66 629 2 (3.0%) 2 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

 3101 Baseline 546 546 30 (5.5%) 30 (5.5%) 4 (0.7%) 4 (0.7%) 1 (0.2%) 1 (0.2%) 

Lefamulin 150 
mg IV q12h 

273 816 43 (15.8%) 78 (9.6%) 12 (4.4%) 16 (2.0%) 1 (0.4%) 1 (0.1%) 

Moxifloxacin 400 
mg IV q24h 

272 817 44 (16.2%) 93 (11.4%) 8 (2.9%) 15 (1.8%) 4 (1.5%) 6 (0.7%)

 3102 Baseline 733 733 42 (5.7%) 42 (5.7%) 0 (0.0%) 0 (0.0%) 1 (0.1%) 1 (0.1%) 

Lefamulin 600 
mg PO q12h 

364 1066 36 (9.9%) 69 (6.5%) 6 (1.6%) 12 (1.1%) 1 (0.3%) 1 (0.1%) 

Moxifloxacin 400 
mg PO q24h 

367 1084 55 (15.0%) 98 (9.0%) 7 (1.9%) 9 (0.8%) 2 (0.5%) 2 (0.2%) 

Note: For categorical analysis tables herein, ISS data were used for study 2001 and ERT data were used for studies 3101 and 
3102. Total N for subject is the total number of subjects with non-missing values or changes for a specific ECG parameter. 

Table 7 lists the categorical analysis results for ΔQTcF. The results are similar to that of the sponsor. 

Table 7: Categorical Analysis of ΔQTcF 

Total N 30<ΔQTcF<=60 ms ΔQTcF>60 ms 

Study Treatment 
Group Subj. # Obs. # Subj. # Obs. # Subj. # Obs. #

 2001 BC-3781 100 mg IV 
q12h 

70 675 15 (21.4%) 34 (5.0%) 0 (0.0%) 0 (0.0%) 

BC-3781 150 mg IV 
q12h 

71 684 16 (22.5%) 43 (6.3%) 0 (0.0%) 0 (0.0%) 

Vancomycin 1 g IV 
q12h 

66 629 8 (12.1%) 12 (1.9%) 0 (0.0%) 0 (0.0%)

 3101 Lefamulin 150 mg IV 
q12h 

273 816 51 (18.7%) 88 (10.8%) 7 (2.6%) 8 (1.0%) 

Moxifloxacin 400 mg IV 
q24h 

272 811 65 (23.9%) 106 (13.1%) 9 (3.3%) 9 (1.1%)

 3102 Lefamulin 600 mg PO 
q12h 

362 1058 51 (14.1%) 85 (8.0%) 4 (1.1%) 6 (0.6%) 

Moxifloxacin 400 mg 
PO q24h 

367 1082 61 (16.6%) 107 (9.9%) 7 (1.9%) 10 (0.9%) 
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4.4.2 PR 
The outlier analysis results for PR are presented in Table 8. For lefamulin 150 mg IV q12h group in study 
3101, 3 subjects had post baseline PR >220 ms; baseline PR values for the 3 subjects were >220 ms also. 
Seventeen other subjects had post baseline PR values between 200 ms and 220 ms; 7 of the 17 subjects 
had baseline PR values between 200 ms and 220 ms, and the remaining subjects’ baseline PR values were 
below 200 ms. For lefamulin 600 mg PO q12h group in study 3102, 8 subjects had PR >220 ms; 4 of the 
8 subjects had baseline PR values >220 ms, and 2 of the 8 subjects had baseline PR values between 200 
ms and 220 ms. Twelve other subjects had post baseline PR values between 200 ms and 220 ms; 1 of the 
12 subjects had baseline PR values >220 ms, and 4 of the 12 subjects had baseline PR values between 200 
ms and 220 ms. The sponsor listed the number of subjects who had PR >200 ms with an increase in ∆PR 
>25% for the2 Phase III studies. Based on the sponsor’s criteria, only 1 and 2 subjects had PR outliers in 
lefamulin 150 mg IV q12h and lefamulin 600 mg PO q12h groups, respectively. 

Table 8: Categorical Analysis for PR 
Total N 200<PR<=220 ms PR>220 ms 

Study Treatment 
Group 

Subj. 
# 

Obs. 
# Subj. # Obs. # Subj. # Obs. #

 3101 Baseline 523 523 10 (1.9%) 10 (1.9%) 10 (1.9%) 10 (1.9%) 

Lefamulin 150 mg IV q12h 258 755 17 (6.6%) 30 (4.0%) 3 (1.2%) 7 (0.9%) 

Moxifloxacin 400 mg IV 
q24h 

266 799 11 (4.1%) 20 (2.5%) 9 (3.4%) 22 (2.8%)

 3102 Baseline 716 716 16 (2.2%) 16 (2.2%) 7 (1.0%) 7 (1.0%) 

Lefamulin 600 mg PO q12h 357 1042 12 (3.4%) 22 (2.1%) 8 (2.2%) 18 (1.7%) 

Moxifloxacin 400 mg PO 
q24h 

360 1064 17 (4.7%) 32 (3.0%) 6 (1.7%) 10 (0.9%) 

* The sponsor didn’t present PR outliers for study 2001. Average values for PR are not available in data. 

4.4.3 QRS 
The outlier analysis results for QRS are presented in Table 9. In study 2001, 8 subjects and 6 subjects had 
post baseline QRS >110 ms in BC-3781 100 mg IV q12h and BC-3781 150 mg IV q12h groups, 
respectively. Five of the 8 subjects and 4 of the 6 subjects’ baseline QRS values were also >110 ms. In 
studies 3101 and 3102, 19 subjects and 16 subjects had post baseline QRS >110 ms in lefamulin 150 mg 
IV q12h and lefamulin 600 mg PO q12h groups, respectively. Twelve of the 19 subjects in lefamulin 150 
mg IV q12h group and 12 of the 16 subjects in lefamulin 600 mg PO q12h group had baseline QRS values 
>110 ms also. The sponsor listed the number of subjects who had QRS >120 ms for study 2001, and the 
number of subjects who had QRS >110 ms with ∆QRS >25% for studies 3101 and 3102. Based on the 
sponsor’s criteria for studies 3101 and 3102, 2 subjects had QRS outliers in lefamulin 600 mg PO q12h 
group only. 
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Table 9: Categorical Analysis for QRS 
Total N QRS<=110 ms QRS>110 ms 

Study Treatment 
Group 

Subj. 
# 

Obs. 
# Subj. # Obs. # Subj. # Obs. #

 2001 Baseline 207 208 191 (92.3%) 191 (91.8%) 16 (7.7%) 17 (8.2%) 

BC-3781 100 mg IV 
q12h 

70 675 62 (88.6%) 629 (93.2%) 8 (11.4%) 46 (6.8%) 

BC-3781 150 mg IV 
q12h 

71 684 65 (91.5%) 633 (92.5%) 6 (8.5%) 51 (7.5%) 

Vancomycin 1 g IV 
q12h 

66 629 58 (87.9%) 554 (88.1%) 8 (12.1%) 75 (11.9%)

 3101 Baseline 546 546 516 (94.5%) 516 (94.5%) 30 (5.5%) 30 (5.5%) 

Lefamulin 150 mg IV 
q12h 

273 816 254 (93.0%) 770 (94.4%) 19 (7.0%) 46 (5.6%) 

Moxifloxacin 400 mg 
IV q24h 

272 819 253 (93.0%) 771 (94.1%) 19 (7.0%) 48 (5.9%)

 3102 Baseline 733 733 700 (95.5%) 700 (95.5%) 33 (4.5%) 33 (4.5%) 

Lefamulin 600 mg 
PO q12h 

364 1066 348 (95.6%) 1023 (96.0%) 16 (4.4%) 43 (4.0%) 

Moxifloxacin 400 mg 
PO q24h 

367 1084 341 (92.9%) 1029 (94.9%) 26 (7.1%) 55 (5.1%) 

4.4.4 HR 
The outlier analysis results for HR are presented in Table 10. The sponsor listed the number of subjects 
who had HR >100 bpm with an increase in ΔHR >25% and HR <50 bpm with a decrease in ΔHR >25% 
for studies 3101 and 3102. 

Table 10: Categorical Analysis for HR 
Total 

N 
HR<=100 

bpm 
HR>100 

bpm 
HR>45 

bpm 
HR<=45 

bpm

 Study Treatment 
Group 

Subj. 
# Subj. # Subj. # Subj. # Subj. #

 2001 Baseline 207 198 (95.7%) 9 (4.3%) 205 (99.0%) 2 (1.0%) 

BC-3781 100 mg IV 
q12h 

70 61 (87.1%) 9 (12.9%) 69 (98.6%) 1 (1.4%) 

BC-3781 150 mg IV 
q12h 

71 59 (83.1%) 12 (16.9%) 71 (100%) 0 (0.0%) 

Vancomycin 1 g IV q12h 66 60 (90.9%) 6 (9.1%) 65 (98.5%) 1 (1.5%) 

Reference ID: 4414642Reference ID: 4480095 

14 



 
  

 

  

   

    

   

  

Total 
N 

HR<=100 
bpm 

HR>100 
bpm 

HR>45 
bpm 

HR<=45 
bpm

 Study Treatment 
Group 

Subj. 
# Subj. # Subj. # Subj. # Subj. #

 3101 Baseline 546 463 (84.8%) 83 (15.2%) 545 (99.8%) 1 (0.2%) 

Lefamulin 150 mg IV 
q12h 

273 225 (82.4%) 48 (17.6%) 272 (99.6%) 1 (0.4%) 

Moxifloxacin 400 mg IV 
q24h 

272 240 (88.2%) 32 (11.8%) 272 (100%) 0 (0.0%)

 3102 Baseline 733 645 (88.0%) 88 (12.0%) 733 (100%) 0 (0.0%) 

Lefamulin 600 mg PO 
q12h 

364 321 (88.2%) 43 (11.8%) 361 (99.2%) 3 (0.8%) 

Moxifloxacin 400 mg PO 
q24h 

367 317 (86.4%) 50 (13.6%) 367 (100%) 0 (0.0%) 

4.5 EXPOSURE-RESPONSE ANALYSIS 

4.5.1 QTc 
The objective of the clinical pharmacology analysis is to assess the relationship between ΔQTcF and 
concentration of lefamulin (BC-3781). 

Prior to evaluating the relationship using a linear model, the three key assumptions of the model were 
evaluated using exploratory analysis: 1) absence of significant changes in heart rate (more than a 10 bpm 
increase or decrease in mean HR); 2) delay between plasma concentration and ΔQTcF; and 3) presence 
of non-linear relationship. 

An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF is shown in 
Figure 5, which shows an absence of significant changes in HR. There is an approximately dose-
proportional increase in lefamulin concentrations. The time at maximum effect on ΔΔQTcF appears to 
correlate better with Tmax of lefamulin. 
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Figure 5: Time Course of Lefamulin Concentration (top), Heart Rate (middle), and
 
QTcF (bottom) following Single Dose (left side panel) and Multiple Doses (right side panel) 


Following confirming the absence of significant heart rate changes or delayed QTc changes, the 
relationship between drug concentration and ΔQTcF was evaluated to determine if a linear model would 
be appropriate. Figure 6 shows indicates saturable non-linear relationship between lefamulin 
concentration and ΔQTcF. 
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Figure 6: Assessment of Linearity of Concentration-QTc Relationship 

The goodness-of-fit plot is shown in Figure 7 for both linear (A) and non-linear (Emax) model (B). Based 
on the fit, the Emax model was applied to the data. Predictions from the concentration-QTc model are 
provide in Table 1. 

Figure 7: Goodness-of-fit Plot for QTc 

The sponsor conducted 2 phase-3 studies. Study 3101 was a phase-3, randomized, double-blind, double-
dummy, active controlled, parallel group study comparing the safety and efficacy of lefamulin versus 
moxifloxacin (with or without adjunctive linezolid) in adults with community-acquired bacterial 
pneumonia. Subjects were randomized 1:1 to lefamulin or the comparator, moxifloxacin (400 mg iv or 
oral), using interactive response technology. Lefamulin (150 mg) was administered as intravenous 
infusion twice daily (Days 1-3); subsequently lefamulin was continued either as 150 mg (as intravenous 
infusion) or switched to oral dose of 600 mg twice daily. ECGs were collected before the first infusion of 
study drug and within 15 minutes after the end of the first infusion of study drug on Day 1 and Day 3. 
Steady state concentrations are achieved on day 3 with twice daily regimen. The maximum change in 
QTcF interval at any time post-baseline for an individual subject was 87.7 ms for lefamulin with mean 
maximum change of 19.1 ms. The mean change from baseline in QTcF interval at the Day 3 post-dose 
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time point was 13.6 ms (90% two-sided upper confidence interval: 15.5 ms; n=264) for the lefamulin 
group. These observations were consistent with the model predicted values for the corresponding peak 
concentrations (3030 ng/mL) of lefamulin. 

Study 3102 was a phase-3, randomized, double-blind, double-dummy, active controlled, parallel group 
study comparing the safety and efficacy of lefamulin (5 days) versus moxifloxacin (7 days) in adults with 
community-acquired bacterial pneumonia. Subjects were randomized 1:1 to lefamulin or the comparator, 
moxifloxacin (400 mg iv or oral), using interactive response technology. Lefamulin (600 mg tablet) was 
administered twice daily for 5 days and moxifloxacin (400 mg) was administered once daily for 7 days. 
ECGs were collected before the first dose of study drug and 1 to 3 h post-dose on Day 1 and Day 4 (for 
outpatients the Day 4 visit ~ 72 to 120 hours after the first dose). The maximum change in QTcF interval 
at any time post-baseline for an individual subject was 75.0 ms for lefamulin with mean maximum change 
of 15.2 ms. The mean change from baseline in QTcF interval at the Day 4 post-dose time point was 9.3 
ms (90% two-sided upper confidence interval: 10.9 ms; n=339) for the lefamulin group. These 
observations were consistent with the model predicted values for the corresponding peak concentrations 
(2240 ng/mL) of lefamulin. 

Further, sensitivity analysis using QT measures from the automatic ECG algorithm in the ECG warehouse 
showed similar results, which support the nonlinear relationship with QTcF prolongation plateauing 
around 10-15 ms (Figure 8). This is also consistent with the Phase 3 studies (Study # 3101 and 3102), 
where intravenous infusion and oral administration twice daily resulted in mean QTcF increase of 14 and 
10 ms at a Cmax of 3030 and 2240 ng/mL, respectively (Table 12). 

Figure 8: Observed ΔΔQTc from the Sponsor versus ECG Warehouse Algorithm 

4.5.2 Other ECG intervals 
The reviewer conducted a fully automatic analysis of the ECG waveforms submitted by the sponsor to the 
ECG warehouse and assessed the exposure-response relationship for QTcF, J-Tpeakc and Tpeak-Tend 
(Figure 9). Results show J-Tpeakc following the QTcF changes, which is consistent with other 
predominant hERG blockers. Ion channel data for hERG was submitted, but no other ion channel current 
data were available at the time of this review. Whether multi-ion channel block at higher concentrations 
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may contributed to the plateauing of the QTc prolongation is unknown. Overall, the mechanism that results 
in QTcF plateauing around 10-15 ms with lefamulin remains unknown. 

Figure 9: Observed ΔΔQTcF, ΔΔJ-Tpeakc, and ΔΔTpeak-Tend versus Lefamulin 

4.5.3 Assay sensitivity 
Please see section 4.3.1.1 and 4.2.2 for additional details. 

4.6 SAFETY ASSESSMENTS 

4.6.1 QTc Assessment in Phase 3 
Because lefamulin was found to prolong the QTc interval in phase 1 studies, replicate 12-lead ECGs were 
collected in two phase 3 studies (3101 and 3102) at baseline, at Tmax on Days 1 and 3 and prior to dosing 
on Day 3. The results of the categorical outlier analysis are shown in Table 11 and central tendency 
analysis by time is shown in Table 12. 
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Table 11: Categorical Analyses of Studies 3101 and 3102 

Source: Table 6-1 in Clinical Cardiac Safety Report by eRT. 
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Table 12: Central Tendency by Time Analysis 

Source: Tables 6-2a and 6-2b in Clinical Cardiac Safety Report by eRT. 

4.6.2 Analysis in Phase 3 AEs 
An analysis using the MedDRA SMQ of Torsade de pointes/QT prolongation (broad) showed that 5 

subjects (0.8%) in the lefamulin group and 6 subjects (0.9%) in the moxifloxacin group had TEAEs within 

this SMQ. 
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Table 13: QT Prolongation Adverse Events 

Source: Table 23 in Summary of Clinical Safety 

In the lefamulin group, 1 subject had a fatal event of ventricular arrhythmia. In Study 3101, Subject 
in the lefamulin group was a 72-year-old male with BMI 17.9 kg/m2 who enrolled with PORT Risk 

Class IV CABP. Medical history included heavy smoking, pulmonary tuberculosis and COPD, as well as 

(b) (6)

known coronary artery disease. The baseline ECGs showed abnormalities including incomplete right 
bundle branch block and ST/T wave changes; the triplicate mean QTcF value was 441 msec. Upon 
learning details of the subject’s history and baseline presentation, the Sponsor concluded that the subject 
was not an appropriate study candidate and study drug was discontinued after dosing on Day 2. The subject 
was started on non-study antibacterial therapy for CABP, but despite the treatment new lung infiltrates 
developed and antibacterial therapy was changed on Day 10. The subject left the hospital against medical 
advice on Day 17. On Day 20 he reportedly had severe dyspnea and a sudden loss of consciousness and 
died at home. This was reported as a TEAE of ventricular arrhythmia (verbatim term: fatal ventricular 
arrhythmia), which was suspected but without ECG or clinical evidence, and no autopsy was performed. 

In the moxifloxacin group, 1 subject had a fatal cardiac arrest. Subject in the moxifloxacin 
group was a 77-year-old male with BMI 26.5 kg/m2 who enrolled with PORT Risk Class IV CABP. 

(b) (6)

Medical history included coronary artery arteriosclerosis, atrial fibrillation, congestive heart failure, 
myocardial infarction, hypertension, COPD, and anemia. The baseline ECGs showed normal readings; 
the triplicate mean QTcF value was 404 msec. The subject received IV study drug doses per protocol for 
a total of 9 days. Electrocardiograms during treatment showed normal ECG readings, with no QTcF values 
that were increased from baseline. On Day 8, the subject experienced a non-serious TEAE of moderate 
leukocytosis, which was considered not related to study drug. On Day 9, he experienced weakness, cough, 
and shortness of breath during exercise and reduced oxygen saturation; treatment with non-study 
antibacterial therapy (cefoperazone with sulbactam) was initiated. On Day 16, the subject continued to 
have leukocytosis and require supplemental oxygen. On Day 18, 9 days after the last dose of study drug 
and while still in hospital, the subject’s condition worsened and a TEAE of cardiac arrest was reported. 

4.7 OTHER ECG INTERVALS 

No clinically significant changes in PR or QRS were observed. 
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5 APPENDIX 

5.1 EVALUATION OF QT ASSESSMENT PLAN 

1. Product Information 
Generic Name Lefamulin (as acetate salt) Brand Name Xenleta 
Drug class Antibacterial agent (pleuromutilin class) 

Combination product No 

Indication Community-acquired bacterial pneumonia (caused by susceptible microorganisms) 
Therapeutic Dose 150 mg b.i.d. (by intravenous infusion over 60 minutes) for 5-7 days; 600 mg orally b.i.d. for 5 days 

Maximum Tolerated 
Dose 

400 mg (as intravenous infusion over 30 min; highest studied dose) 

Dosage Form Tablets and Intravenous Injection Route of Administration Oral and Intravenous infusion 

2. Safety Pharmacology
2.1 In vitro 

In hERG assay, the IC50 values 27 μM (14 μg/mL) and 702 μM (368 μg/mL) were observed for lefamulin and its metabolite BC-8041, 
respectively. Lefamulin exhibits a low protein binding with a saturable non-linear binding (~73 to 88%). The steady-state Cmax (2.9 
µg/mL; free 0.78 µg/mL) of lefamulin is expected to offer only 18-fold margin. 

2.2 In vivo 
A safety pharmacology study in conscious telemetered cynomolgus monkeys revealed dose-dependent potential for QT/QTc interval 
prolongation after a 30-minute infusion of lefamulin. Dosing at the NOAEL of 15 mg/kg (maximum plasma drug concentration of 3.79 
μg/mL, maximum plasma drug concentration corrected for plasma protein binding of 1.44 μg/mL, based on unbound concentration) 
and 40 mg/kg (Cmax of 8.86 μg/mL, free Cmax of 3.37 μg/mL) caused a QTcF prolongation of 21 ms and 37 ms above baseline, 
respectively. The control-adjusted mean maximal QT/QTcF interval prolongation was 33 and 40 ms, respectively, at 40 mg/kg 
lefamulin. A study with rabbit Purkinje fibers showed blockage of the delayed rectifier K+ channel. Lefamulin demonstrates action 
potential triangulation at 10 μg/mL. 
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3. Clinical cardiac safety 
See Section 4.6 

4. QT Studies 
4.1 Primary Studies 

ECG Quality Arms Sample size ECG & PK assessmentsProtocol 
number / 
Population Assessment Ok? Arms High dose 

covers? 
No subjects Ok? Timing Ok? 

Protocol 
number: 
1001 

Population: 
Healthy 
volunteers 

Central read? Yes 

Blinded? Yes 

Method? Unknown 

Replicates?  Yes 

Yes Highest dose: 
400 mg over 1 
hour 

Placebo: Yes 

Positive 
control: No 

Above 
therapeutic 

8 subjects 
per cohort 
(16 total). 

Yes Baseline: Pre-dose 
baseline 

Timing: Predose, 
0.5, 1, 1.25, 1.5, 2, 
3, 4, 6, 12 and 24 

Yes 

Protocol 
number: 
1002 

Population: 
Healthy 
volunteers 

Central read? Yes 

Blinded? Yes 

Method? Unknown 

Replicates?  Yes 

Yes Highest dose: 
150 mg over 1 
hour qd on day 
1 and bid on 
days 3-9 and qd 
on day 10 

Placebo: Yes 

Positive 
control: No 

Therapeutic 12 per 
cohort (8 / 4) 

Choose 
an 
item. 

Baseline: Pre-dose 
baseline 

Timing: Predose, 
0.5, 1, 1.25, 1.5, 2, 
3, 4, 6, 9, 12, 24 
(Days 1, 10/15) 

Cohorts 1,2: 
Days 3, 6: Predose, 
1 and 2 h 

Yes 
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Cohort 3: 
Days 3, 6: Predose, 
2 and 3 h 

Protocol 
number: 
1003 

Population: 
Healthy 
volunteers 

Central read? Yes 

Blinded? Yes 

Method? Unknown 

Replicates?  Yes 

Yes Highest dose: 
150 mg over 1 
hour 

Placebo: Yes 

Positive 
control: No 

Therapeutic 39 Choose 
an 
item. 

Baseline: Pre-dose 
baseline 

Timing: Predose, 1, 
1.25, 1.5, 2, 3, 4, 6, 
12, 24 

Yes 

Protocol Central read? Yes Yes Highest dose: Above Part A: 6 Yes Baseline: Pre-dose Yes 
number: 400 mg over 1 therapeutic subjects (6 baseline 
1007 Blinded? Yes hour placebo) 

Population: 
Healthy 
volunteers 

Method? Unknown 

Replicates?  Yes 
Placebo: Yes 

Positive 

Part B: 24 
subjects (12 
per cohort: 
8/4). 

Timing: 
Part A: Predose, 
0.5, 1, 1.25, 1.5, 2, 
3, 4, 6, 9, 12, 15, 
24, 36, 48 h 

control: No Part B: Predose, 
0.5, 1, 1.25, 1.5, 2, 
3, 4, 6, 9, 12 (day 
1), 15, 24, 36, 48 h 
(day 6) 
Predose, 1, 1.5 
(days 2-5) 

Protocol 
number: 
1009 

Central read? Yes 

Blinded? Yes 

Yes Highest dose: 
150 mg over 1 
h bid for 7 

Therapeutic 25 BC-3781 
in saline; 25 
BC-3781 in 

Choose 
an 
item. 

Baseline: Pre-dose 
baseline 

Yes 
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Population: 
Healthy 
volunteers 

Method? Unknown 

Replicates?  Yes 

days, qd on day 
8 

Placebo: Yes 

Positive 
control: No 

citrate; 10 
placebo 

Timing: Predose, 1, 
1.33, 2, 4 h (days 1 
& 8) 

4.2 Secondary Studies 
Protocol number Reason for excluding 

Protocol number: 1101 Limited number of subjects (8) and highest dose is 400 mg PO (therapeutic PO dose is 
600 mg.) 

Protocol number: 1102 Limited number of subjects at therapeutic dose (8 subjects, cohort 3). 

Protocol number: 1104 Highest dose (750 mg single dose) is sub-therapeutic. 

Protocol number: 1105 Limited subjects (7) at therapeutic dose 

Protocol number: 1106 Highest dose is 600 mg single dose, sub-therapeutic and no placebo. 

Protocol number: 1107 Highest dose is 600 mg single dose, sub-therapeutic and no placebo 

4.3 Data pooling 
Data pooling? Yes 

Did sponsor propose an 
assessment for 
heterogeneity? 

No 

Is the data pooling 
appropriate? 

Unknown 
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5. Analysis plan
5.1 Study Objective related to QT 

What QTc effect size 
is the analysis trying 
to exclude? 

10 ms (E14) 

The sponsor submitted pooled concentrations-QT analysis to characterize the relationship between plasma concentration of lefamulin 
and changes in the QTcF using the data from 5 studies with intravenous administration (Studies 1001, 1002, 1003, 1007, and 1009) and 
6 studies with oral administration (Studies 1001, 1002, 1004, 1005, 1006, and 1007), separately. The sponsors states that ECGs were 
analyzed by the same ECG core lab using the same methodology, processes, and programs. Considering that the relatively higher doses 
of intravenous injection were studied in study 1001 and 1007, the reviewer’s analyses included only these studies. 

Study 1001 was a double-blind, randomized, placebo-controlled, dose-escalation, crossover study evaluating the safety, tolerability and 
pharmacokinetics of increasing single intravenous doses (25 mg up to 400 mg; 6 dose levels) of lefamulin. In Cohort 1, healthy subjects 
(n=8) received placebo, 25, 50, and 100 mg as a single dose, one week apart. In Cohort 2, healthy subjects (n=8) received placebo, 200, 
300, and 400 mg as a single dose, one week apart. All subjects received lefamulin as an intravenous infusion over 30 min (for 25 and 
50 mg) or 60 min (for 100, 200, 300, and 400 mg). The 2 subjects planned to receive 100 mg dose in session 3 received 50 mg, as the 
approval of protocol amendment to change the infusion duration from 30 to 60 min was delayed. 

Study 1007 was a double-blind, randomized, placebo-controlled study evaluating the safety, tolerability and pharmacokinetics of two 
different injection formulations of lefamulin administered to healthy subjects as single and repeat dose intravenous infusions. This was 
a sequential 2-part design. In Part A, subjects (n=6) received single intravenous dose of 400 mg lefamulin (infusion over 1 hour) 
reconstituted in citrate buffered saline, saline, and saline (placebo) at least 5 days apart. In Part B, subjects (n=24) received multiple 
doses of lefamulin reconstituted in citrate buffered saline conducted in 2 cohorts. In cohort 1, subjects (n=8+4) received 150 mg dose 
(infusion over 1 h) twice daily for 5 days followed by a single morning dose on Day 6. In cohort 2, subjects (n=8+4) received 200 mg 
dose (infusion over 1 h) twice daily for 5 days followed by a single morning dose on Day 6. 

The mean Cmax of ~4484 ±685 ng/mL was observed following administration of 400 mg dose (administered as 0.5-hour infusion; 
Study 1007). Similarly, the mean Cmax of ~3952 ±390 ng/mL was observed following administration of 400 mg dose (administered as 
a 1-hour infusion). There was no significant difference in exposures lefamulin between 2 reconstitution solutions (Study 1007). The 
exposures of lefamulin observed in these studies covers the worst-case scenario (e.g. strong CYP3A4 inhibitor). 
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5.2 Dose Justification 
The peak concentrations of lefamulin ~2900 ng/mL (CV: 31%) are observed at the steady-state with multiple intravenous administration 
at 150 mg (twice daily) dose. Similarly, the peak concentrations of lefamulin ~2100 ng/mL (CV: 38%) are observed at the steady-state 
with multiple oral administration at 600 mg (twice daily) dose. Considering drug interaction with strong CYP3A4 inhibitor as a worst-
case scenario, the clinically relevant exposures at the highest therapeutic dose are expected to be ~3400 ng/mL with oral administration 
and ~3100 ng/mL with intravenous administration. 

The mean Cmax of ~4484 ±685 ng/mL was observed following administration of 400 mg dose (administered as 0.5-hour infusion; 
Study 1007). Similarly, the mean Cmax of ~3952 ±390 ng/mL was observed following administration of 400 mg dose (administered as 
a 1-hour infusion). There was no significant difference in exposures lefamulin between 2 reconstitution solutions (Study 1007). The 
exposures of lefamulin observed in these studies covers the worst-case scenario (e.g. strong CYP3A4 inhibitor). 

5.3 QT correction method 
Is an HR increase or 
decrease greater than 
10 bpm? 

No 

Primary method for 
QT correction 

QTcF 

5.4 Assay Sensitivity 
Assay sensitivity 
methods proposed by 
sponsor 

☐ Moxifloxacin 
☐ Exposure-margin 
☒ QT bias assessment 
☐ Not applicable (objective is large mean effects) 
☐ Other 

5.5 Central Tendency Analysis 
5.5.1 Investigational drug 

Primary analysis No 
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Did the sponsor use 
IUT or descriptive 
statistics? 

Descriptive statistics 

For IUT: Does the 
sponsor use MMRM to 
analyze longitudinal 
values that considers 
the correlation across 
time-points or use 
ANCOVA by time-
point without 
considering 
correlation? 

N/A 

For IUT: Is the 
MMRM model 
specified correctly with 
regards to covariance 
structure, covariates, 
etc? 

N/A 

5.5.2 Positive control 
Primary analysis N/A 

Did the sponsor adjust 
for multiplicity? 

Unknown 

5.6 Concentration-QTc analysis 
5.6.1 Investigational drug 

Primary analysis Yes 
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What is the dependent 
variable in the 
sponsor’s model? 

Single delta 

White paper model? No 

Which concentration 
covariate(s) are 
included in the model? 

Parent 

Did the sponsor 
propose an assessment 
of delayed effects? 

No 

Did the sponsor 
propose an assessment 
of linearity? 

No 

Did the sponsor 
propose model 
selection criteria? 

No 

What methods did the 
sponsor use for 
predicting the QT 
effect? 

☒ Model-based confidence intervals 
☐ Bootstrap-derived confidence intervals 

4.6.2 Positive control 
Primary analysis No 

Same model as 
investigational drug 

N/A 

5.7 Categorical analysis 
QTc? Yes 
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ΔQTc? Yes 
PR? Yes 
QRS? Yes 
HR? Yes 
T-wave morphology? Yes 
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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING
 

Division of Medication Error Prevention and Analysis (DMEPA)
 
Office of Medication Error Prevention and Risk Management (OMEPRM)
 

Office of Surveillance and Epidemiology (OSE)
 
Center for Drug Evaluation and Research (CDER)
 

Date of This Memorandum: April 2, 2019 

Requesting Office or Division: Division of Anti-Infective Products (DAIP) 

Application Type and Number: NDA 211673 

Product Name and Strength: Lefamulin Injection 150 mg/15 mL (10 mg/mL) 

Applicant/Sponsor Name: Nabriva Therapeutics Ireland DAC (Nabriva)   
c/o Nabriva Therapeutics US, Inc. 

FDA Received Date: April 1, 2019 

OSE RCM #: 2018-2738-1 

DMEPA Safety Evaluator: Deborah Myers, RPh, MBA 

DMEPA Team Leader: Otto L. Townsend, PharmD 

1 PURPOSE OF MEMORANDUM 
The Division of Anti-Infective Products (DAIP) requested that we review the revised citrate 
buffered saline bag container labels (two versions: one version includes only the established 
name (lefamulin) and the other version includes “TRADENAME” as a placeholder for an 
approved proprietary name) for lefamulin (Appendix A) to determine if they are acceptable 
from a medication error perspective.  The revisions are in response to recommendations that 
we made during a previous label and labeling review.a 

2 BACKGROUND 
In their April 1, 2018 submission, along with their revised container labels, Nabriva provided 
their response to our March 20, 2019 labeling recommendations.b  Nabriva notes in their 
response that they have incorporated all of our recommendations into their revised versions, 
except the use of color on the label.  The manufacturer of the diluent does not have the 

a Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, 

CDER, OSE, DMEPA (US); 2019 MAR 19. RCM No.: 2018-2738.
 
b Nabriva Therapeutics US, Inc. Response to Labeling Comments: Citrate Buffered Saline Bag for Lefamulin (NDA 

211673). King of Prussia, PA. Nabriva; 2019 APR 01. Available from: 

\\cdsesub1\evsprod\nda211673\0020\m1\us\12-cov-let\cover.pdf 
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capability of printing the bag labels with more than one color.  Also, the long-term stability 
studies performed on the diluent bags to support the NDA utilize black printing only. 
Additionally, Nabriva proposes to use their revised citrate buffered saline bag container label 
version with the “established generic name” just for the initial commercial supply in the event 
that no tradename is approved by mid-May 2019.  

3 CONCLUSION 
The revised citrate buffered saline bags (two versions: one version includes only the established 
name (lefamulin) and the other version includes “TRADENAME” as a placeholder for an 
approved proprietary name) for lefamulin are acceptable from a medication error perspective.  
We have no further recommendations at this time.  Additionally, in the event that no 
proprietary name is found acceptable by mid-May 2019, we concur with Nabriva’s strategy to 
use their revised citrate buffered saline bag container label version with the “established 
generic name” (lefamulin) only for the initial commercial product launch supply.  Subsequent 
bags, beyond the initial supply, should be printed with the approved proprietary name.  

2 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) 
immediately following this page 
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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING
 

Division of Medication Error Prevention and Analysis (DMEPA)
 
Office of Medication Error Prevention and Risk Management (OMEPRM)
 

Office of Surveillance and Epidemiology (OSE)
 
Center for Drug Evaluation and Research (CDER)
 

Date of This Memorandum: March 19, 2019 

Requesting Office or Division: Division of Anti-Infective Products (DAIP) 

Application Type and Number: NDA 211673 

Product Name and Strength: Lefamulin Injection 150 mg/15 mL (10 mg/mL) 

Applicant/Sponsor Name: Nabriva Therapeutics AG, c/o Nabriva Therapeutics US, Inc. 
(Nabriva) 

FDA Received Date: March 11, 2019 

OSE RCM #: 2018-2738 

DMEPA Safety Evaluator: Deborah Myers, RPh, MBA 

DMEPA Team Leader: Otto L. Townsend, PharmD 

1 PURPOSE OF MEMORANDUM 
Division of Anti-Infective Products (DAIP) requested that we review Nabriva’s Information 
Request: Citrate Bag Labeling Reviewa for lefamulin (see Appendix A for proposed container 
labels received on December 19, 2018 and March 11, 2019) to determine if it is acceptable from 
a medication error perspective.  

2 RESPONSE TO THE APPLICANT’S MARCH 11, 2019 INFORMATION REQUEST 
We acknowledge that you previously submitted the proposed proprietary name, (b) (4) , under 
IND 106594, that was found unacceptable by the Agency, on December 19, 2018.  Additionally, 
we acknowledge that your proposed proprietary name, Xenleta, submitted on January 25, 
2019, is currently under review by the Agency. 
It is our understanding that you are seeking our advanced review, ahead of the May 27, 2019 
timeline, of your proposed revised container label, that was submitted on March 11, 2019, for 
your proposed citrate buffered saline bag (please note that our comments and 

a Nabriva Therapeutics US, Inc. Information Request: Citrate Bag Labeling Review for Lefamulin (NDA 211673). King 
of Prussia, PA. Nabriva; 2019 MAR 11. Available from: \\cdsesub1\evsprod\nda211673\0014\m1\us\12-cov
let\cover.pdf 

1 

Reference ID: 4405677Reference ID: 4480095 



 

 

 
 

  
 

 
  

 

 
 

 

  

  
 

  
 

 
 

 

  
   

recommendations regarding the carton labeling for the diluent will be provided at a later date).  

Further, this revised proposed container label “artwork” removed the brand name,
 , 

from the proposed container label that was submitted in your original NDA Application on 

December 19, 2018.  Based on your March 11, 2019 container label submission, we have the 

following recommendations: 


(b) (4)

1.	 If your intent is to only set up the plates and print after approval, we recommend that 
you add a “placeholder”, such as “TRADENAME” in the intended font size and location 
and submit for our review.  Once a proprietary name is found conditionally acceptable, 
you can then replace the placeholder, “TRADENAME” with the conditionally acceptable 
proprietary name and submit the revised labeling for our review.  If you choose to add 
the placeholder, “TRADENAME”, we also recommend adding it in the second paragraph 
of text prior to “lefamulin (b) (4)

(b) (4)

injection.”  For example, “When introducing 
(b) (4)  (lefamulin  injection, use aseptic technique, mix…” 

2.	 If your intent is to manufacture diluent bags prior to or soon after approval that will only 
include the established name, lefamulin, we are concerned, from a long-term 
perspective, that other lefamulin products could be introduced to the market in the 
future.  In this scenario, your container label, as well as those for new products, would 
not include a proprietary name and would lack differentiation.  For example, users could 
use the wrong citrate buffered saline bag when mixing lefamulin drug product, thus 
resulting in potential wrong preparation medication errors.  

3.	 As currently presented it is not clear, and hardly visible, that the contents of your citrate 
buffered saline bag is intended for dilution only.  Medication errors involving diluents 
being incorrectly administered to patients, without the active drug product, have been 
reported.  Therefore, to improve clarity and help avoid medication errors involving 
administration of the diluent only, with no active drug product, we recommend adding 
the word “Diluent” preceding the text “ 

”  Ensure that the word “Diluent” is the most prominent word 
on the label.  We also recommend replacing the text “ 

” with the text “FOR  (LEFAMULIN
 INJECTION.”  Additionally, we recommend using capitalization of the letters, 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

bolding the font, changing the color of the font for the word “DILUENT”, surrounding 
this information with a box, and/or highlighting the information to draw attention to 
this important information (see example below).  To further improve prominence and 
address the risk of potential medication errors involving the infusion of diluent only, we 
recommend relocating the “diluent” statement above “10 mM Citrate Buffered.” 

2
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(b) (4)

4.	 As currently presented the text “INFUSE OVER 60 MINUTES” is present on the label.  We 
are concerned that as currently presented this statement may encourage the diluent 
(citrate buffered saline) being incorrectly administered to patients without the active 
drug product.  To provide further clarity and help avoid medication errors involving 
administration of the diluent with no active ingredient, we recommend that the text 
“ONLY AFTER ADDING TRADEMARK” precede the text “INFUSE OVER 60 MINUTES”.  For 
example, “ONLY AFTER ADDING TRADEMARK - INFUSE OVER 60 MINUTES”. 

5.	 As currently presented the storage statement begins with as a negative statement with 
the text “Do not store for more than 24 hours…”  Negative statements such as “Do not 
store for more than 24 hours...” may have an opposite of the intended meaning as the 
word “not” can be overlooked and inadvertently encourage storage duration longer 
than 24 hours.  Thus, we recommend, for example, “Store less than 24 hours at room 
temperature…”  Additionally, as currently presented the text, “…at room temperature 
(25°C/77°F)…” is inconsistent with the subsequent text, “…refrigerated at 36°F to 46°F 
(2°C to 8°C).”  To provide consistency and clarity, we recommend changing 
“(25°C/77°F)” to “25°C (77°F).”  Also, the Centigrade temperatures normally precedes 
Fahrenheit temperatures in storage statements.  Therefore, we recommend changing 
the current text “36°F to 46°F (2°C to 8°C)” to “2°C to 8°C (36°F to 46°F)”.  For example, 
“…at room temperature 25°C (77°F) and up to 48 hours refrigerated at 2°C to 8°C (36°F 
to 46°F).” 

2 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) 
immediately following this page 
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	19 July 2019 

	Action Goal Date 
	Action Goal Date 
	19 August 2019 

	PDUFA Date 
	PDUFA Date 
	19 August 2019 


	I.. OVERALL ASSESSMENT OF FINDINGS AND .RECOMMENDATIONS. 
	I.. OVERALL ASSESSMENT OF FINDINGS AND .RECOMMENDATIONS. 
	Clinical data from two studies were submitted as the primary efficacy and safety studies in support of this 505(b)(1) NDA for lefamulin (BC-3781). Three study sites were selected for clinical inspection as part of PDUFA pre-approval clinical investigation and data validation. 
	The study data derived from these clinical sites, based on the inspections, are considered reliable in support of the proposed indication.  



	II.. BACKGROUND 
	II.. BACKGROUND 
	The proposed product (lefamulin) is the first product of the pleuromutilin class of antibiotics.  The proposed indication for lefamulin is the treatment of adult patients with community-
	acquired bacterial pneumonia (CABP) caused by the following susceptible microorganisms: Streptococcus pneumoniae Staphylococcus aureus (methicillin-susceptible isolates), Haemophilus influenzae, Haemophilus parainfluenzae, , Legionella pneumophila, Mycoplasma 
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	pneumoniae, and Chlamydophila pneumoniae. 
	There were two studies (Studies 3101 and 3102) submitted as the primary efficacy and safety studies in support of this NDA. 
	Study 3101 
	Study 3101 

	A Phase 3, Randomized, Double-Blind, Double-Dummy Study to Compare the Efficacy and Safety of Lefamulin (BC-3781) Versus Moxifloxacin (With or Without Adjunctive Linezolid) in Adults With Community-Acquired Bacterial Pneumonia 
	The primary objective of this study was to demonstrate the non-inferiority (NI) of lefamulin versus moxifloxacin (with or without adjunctive linezolid) for the treatment of adult subjects with moderate to severe community-acquired bacterial pneumonia (CABP). 
	To meet the primary endpoint, subjects had to demonstrate the non-inferiority (NI) of lefamulin versus comparator with respect to the Early Clinical Response (ECR) (96 ±24 hours after the first dose of study drug) in the Intent-to-treat (ITT) Analysis Set. 
	Patients were randomized in a 1:1 ratio to receive the following:  Lefamulin 150 mg IV q12h for 5 to 10 days; optional switch to 600 mg PO q12h after 3 full days of IV  Moxifloxacin 400 mg IV q24h for 7 to 10 days; optional switch to 400 mg PO q24h after 3 full days of IV 
	Randomization was stratified by PORT Risk Class (III vs IV and V), geographic region (US vs ex-US), and receipt of a single dose of a short-acting antibacterial for CABP before treatment. 
	A total of 551 subjects were randomized (1:1) to receive lefamulin (276 subjects) or moxifloxacin (275 subjects). Of these, a total of 546 subjects were treated and 495 subjects completed the study. 
	Sixty-six study sites screened and randomized subjects into the study, including sites in Argentina (2 sites), Bosnia and Herzegovina (3 sites), Brazil (1 site), Bulgaria (10 sites), Georgia (6 sites), Hungary (4 sites), Latvia (3 sites), Netherlands (1 site), Peru (2 sites), Philippines (4 sites), Poland (2 sites), Romania (4 sites), Russian Federation (4 sites), Serbia (4 sites), South Africa (2 sites), Thailand (1 site), United States (2 sites), and Ukraine (11 sites). 
	The first subject was enrolled in the study on 23 February 2016.  The last subject completed the study on 12 May 2017. 
	Study 3102 
	Study 3102 

	A Phase 3, Randomized, Double-Blind, Double-Dummy Study to Compare the Efficacy and Safety of Oral Lefamulin (BC-3781) Versus Oral Moxifloxacin in Adults With Community-Acquired Bacterial Pneumonia 
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	The primary objective was to demonstrate the non-inferiority (NI) of oral lefamulin versus oral moxifloxacin for the treatment of adult subjects with CABP. 
	To meet the primary endpoint, subjects had to demonstrate the NI of lefamulin versus comparator with respect to the Early Clinical Response (ECR) (96 ±24 hours after the first dose of study drug) in the Intent-to-treat (ITT) Analysis Set. 
	Patients were randomized in a 1:1 ratio to receive the following:  Oral lefamulin 600 mg q12h for 5 days (10 doses) and oral moxifloxacin placebo q24h for 7 days (7 doses)  Oral moxifloxacin 400 mg q24h for 7 days (7 doses) and oral lefamulin placebo q12h for 5 days (10 doses). 
	Randomization was stratified by PORT Risk Class (III vs IV and V) geographic region (US vs ex-US), and receipt of a single dose of a short-acting antibacterial for CABP before randomization (yes vs no).  A least 25% of randomized subjects were to have a PORT Risk Class of IV or V. No more than 25% of randomized subjects were to have received a single dose of a short-acting antibacterial for CABP before randomization. 
	A total of 738 subjects were randomized (1:1) to receive lefamulin (370 subjects) or moxifloxacin (368 subjects). Of these, a total of 685 subjects completed the study. 
	A total of 99 study sites randomized subjects into the study, including sites in Argentina (5 sites), Bulgaria (12 sites), Chile (1 site), Georgia (5 sites), Hungary (3 sites), Latvia (2 sites), Mexico (3 sites), Peru (11 sites), Philippines (4 sites), Poland (2 sites), Romania (4 sites), Russian Federation (7 sites), Serbia (4 sites), South Africa (6 sites), South Korea (6 sites), Spain (1 site), Taiwan (1 site), United States (US; 9 sites), and Ukraine (13 sites). 
	The first subject was enrolled in the study on 30 August 2016.  The last subject completed the study on 02 January 2018. 
	Rationale for Site Selection 
	The Office of Scientific Investigations (OSI) Risk-Based Site Selection Tool (RBSST) was utilized to select sites.  Drs. Gonong and Pejcic were also chosen for clinical site inspection because they participated in both Studies 3101 and 3102. 
	 Site # 2002 (Study 3101)- relatively high enrollment (17 subjects), higher rate of deaths at and lower efficacy rate in the moxifloxacin arm.   Site #2056 (Study 3012) - relatively high enrollment (15 subjects), higher SAE rate 
	Dr. Joven Roque Gonong: 

	 Site #5003 (Study 3101) was chosen for inspection because of its relatively high 
	Dr. Tatjana Pejcic: 
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	enrollment (21 subjects) and higher death rate (compared to study mean) in the lefamulin arm.  
	. Site 5055 (Study 3102) was chosen for inspection due to its relatively high enrollment (22 subjects) and high efficacy observed in both treatment arms (all subjects in both arms met the primary endpoint).  
	Dr. Vojislav Radosavljevi: 
	Dr. Vojislav Radosavljevi: 

	. Site 5051 (Study 3102), was chosen for inspection due to its relative high enrolment (34 subjects), and higher discontinuation and SAE rate (than the study mean) for subjects in the lefamulin treatment arm. 
	III. RESULTS (by site): 
	III. RESULTS (by site): 
	1.. Dr. Joven Roque V. Gonong (1920 Quezon Avenue, Lung Center of The Philippines, Quezon City, National Capital Region, 1100 Philippines; Inspection dates: April 22May 2, 2019) 
	For Protocol 3101, 18 subjects were screened, and 17 subjects were enrolled. Three subjects .withdrew due to adverse events. The data audit included source records for all 17 enrolled .subjects. .
	For Protocol 3102, 18 subjects were screened, 15 subjects were enrolled, 14 subjects completed the study.  One subject withdrew due to an adverse event.  The data audit included source records for all 15 enrolled subjects.  
	The records reviewed included: subject selection criteria and informed consent forms, test article controls including accountability, source data evaluation, concomitant medication and procedures, site monitoring records, source documentation, case report forms, adverse events, and laboratory reports. 
	The primary and secondary endpoint data were verifiable. There was no evidence of underreporting of adverse events. .
	Two items were discussed with the principal investigator during the close-out meeting: 
	1.. The PORT Risk Score for Subject 
	1.. The PORT Risk Score for Subject 
	1.. The PORT Risk Score for Subject 
	1.. The PORT Risk Score for Subject 
	Changes to source data without an explanation for one subject for Protocol 3101: 
	Figure


	 (moxifloxacin) was changed from 44 (on 12/10/2016) to 46 (on 3/2/2017) without an explanation for the change. However, this change did not affect inclusion/exclusion criteria or risk class.  

	2.. 
	2.. 
	It is noted that the causality of AEs was not consistently documented within source documents. One serious adverse event was found to be reported incorrectly for Protocol 3101. This deviation was reported to the Sponsor, appropriately. 
	Causality, action taken, and severity of AEs should be included in the source documentation for Protocols 3101 and 3102: 
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	Other than the isolated findings described above, the inspection revealed adequate adherence to the regulations and the investigational plan. There were no objectionable conditions noted and no Form FDA-483, Inspectional Observations, was issued. 
	2.. Dr. Tatjana Pejcic (48 Bulevar Dr Zorana Djindica, Pulmonary Clinic- Clinical .Center Nis, Nis, 18000, Serbia; Inspection dates: April 8-18, 2019). 
	For Protocol 3101, there were 25 subjects screened, 19 subjects enrolled, and 18 subjects completed the study.  The data audit included source records for all 19 enrolled subjects.  One  lefamulin) withdrew from the study due to an adverse event (chronic obstructive pulmonary disease exacerbation), which led to death after 6 days of study treatment.  
	subject (

	For Protocol 3102, there were 22 subjects screened and enrolled. All 22 subjects completed the study and no serious adverse events were reported.  The data audit included source records for all 22 enrolled subjects. 
	The records reviewed included: subject selection criteria and informed consent forms, test article controls including accountability, source data evaluation, concomitant medication and procedures, site monitoring records, source documentation, case report forms, adverse events, and laboratory reports. 
	The primary and secondary endpoint data were verifiable. There was no evidence of underreporting of adverse events. 
	A single item was discussed with the principal investigator during the close-out meeting— enrolling subjects who met study exclusion criteria.  In each case for Protocol 3101, these events were reported as major protocol deviations.  For Protocol 3102, Subject (lefamulin, treatment success) was ineligible for the study due to inaccurate calculation of the PORT score. The Subject’s PORT score was calculated as II due to use of an incorrect birth date.  The Subject’s actual PORT score was I making him ineligi
	Figure

	With the exception of the unreported protocol deviation described above, the inspection revealed adequate adherence to the regulations and the investigational plan except the items described as above. A Form FDA 483 (Inspectional Observations) was not issued. 
	A total of 32 
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	3.. Dr. Vojislav Radosavljevic (University Medical Center, Bezanijska Kosa, Bezanijska Kosa B.B. Belgrade, NA, 11080 Serbia; Inspection dates: May 20-23, 2019) 
	At this site, there were 34 subjects screened and randomized for Study 3102.  .subjects completed the study.  There was one death during the study.  Subject. (lefamulin) died secondary to pulmonary edema on Study Day 1.  An audit was conducted for .all 34 enrolled subjects.  .
	The records reviewed included: subject selection criteria and informed consent forms, test .article controls including accountability, ethics committee approvals, financial disclosures, .concomitant medication and procedures, site monitoring records, source documentation, case. report forms, adverse events, and laboratory reports. .
	The primary and secondary endpoint data were verifiable. There was no evidence of underreporting of adverse events. .
	The inspection revealed adequate adherence to the regulations and the investigational plan. A. Form FDA 483 (Inspectional Observations) was not issued.. 
	{See appended electronic signature page} 
	Aisha P. Johnson, M.D, M.P.H, M.B.A Good Clinical Practice Assessment Branch Division of Clinical Compliance Evaluation Office of Scientific Investigations 
	CONCURRENCE: 
	{See appended electronic signature page} 
	Min Lu, M.D., M.P.H Acting Team Leader, Good Clinical Practice Assessment Branch Division of Clinical Compliance Evaluation Office of Scientific Investigations 
	CONCURRENCE: {See appended electronic signature page} 
	Kassa Ayalew, M.D., M.P.H. Acting Branch Chief Good Clinical Practice Assessment Branch Division of Clinical Compliance Evaluation 
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	Office of Scientific Investigations 
	CC: 
	Central Doc. Rm. Review Division /Division Director/Sumathi Nambiar Review Division /Medical Team Leader/ Peter Kim Review Division /Project Manager/Fariba Izadi Review Division/MO/ Mukil Natarajan OSI/Office Director/David Burrow OSI/DCCE/ Division Director/Ni Khin OSI/DCCE/Branch Chief/Kassa Ayalew OSI/DCCE/Team Leader/ Min Lu OSI/DCCE/GCP Reviewer/ Aisha Johnson OSI/ GCP Program Analysts/ Yolanda Patague/ Joseph Peacock OSI/Database PM/Dana Walters 
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	FOOD AND DRUG ADMINISTRATION Center for Drug Evaluation and ResearchOffice of Prescription Drug Promotion 
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	****Pre-decisional Agency Information**** 


	Memorandum 
	Memorandum 
	Date: July 10, 2019. To: Mukilan Natarajan, M.D.. 
	Division of Anti-Infective Products (DAIP) 
	Deepak Aggarwal, Regulatory Project Manager, DAIP 
	Abimbola Adebowale, Associate Director for Labeling, DAIP From: David Foss, Regulatory Review Officer 
	Office of Prescription Drug Promotion (OPDP) 
	CC: Jim Dvorsky, Team Leader, OPDP Subject: OPDP Labeling Comments for XENLETA (lefamulin) injection, for 
	intravenous use and XENLETA (lefamulin) tablets, for oral use NDA: 211672, 211673 
	In response to DAIP consult request dated January 7, 2019, OPDP has reviewed the proposed product labeling (PI) and carton and container labeling for the original NDA submission for XENLETA. 
	OPDP’s comments on the proposed labeling are based on the draft PI received by electronic mail from DAIP on July 3, 2019, and are provided below. 
	PI: 

	 OPDP has reviewed the attached proposed carton and container labeling received by electronic mail from DAIP on July 8, 2019, and we do not have any comments. 
	Carton and Container Labeling:

	Thank you for your consult.  If you have any questions, please contact David Foss at 
	(240) 
	402-7112 or david.foss@fda.hhs.gov. 

	Figure
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	DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
	Figure
	Division of Pediatric and Maternal Health Office of New Drugs 
	Center for Drug Evaluation and Research Food and Drug Administration Silver Spring, MD  20993 Tel  301-796-2200 FAX 301-796-9744 
	Division of Pediatric and Maternal Health Review 
	Division of Pediatric and Maternal Health Review 
	Date:. July 3, 2019 Date consulted: January 29, 2019 
	From:. Jacqueline A. Spaulding MD, Medical Officer Division of Pediatric and Maternal Health (DPMH) Office of Drug Evaluation IV (ODE IV) 
	Through:. Miriam Dinatale, DO, Maternal Health Team Leader DPMH/ODE IV 
	Lynne P. Yao, MD, OND, Division Director. DPMH/ODE IV. 
	To:     .Division of Anti-Infective Products (DAIP) 
	Drug: .XENLETA (lefamulin) injection, for intravenous (IV) use XENLETA (lefamulin) tablets, for oral use 
	New Drug Application: 211672 and 211673 
	Subject:. Pregnancy and Lactation Labeling 
	Applicant:. Nabriva 
	Proposed 
	Indication:. Treatment of adult patients 18 years and older with community-acquired bacteria pneumonia (CABP) caused by susceptible microorganisms. 
	Consult 
	Question: “Review the proposed labeling in sections 8.1 and 8.2 and provide recommendations” 
	Materials Reviewed 
	•. 
	•. 
	•. 
	Applicant’s submitted background package and proposed labeling for NDAs 21172 and 211673 

	•. 
	•. 
	DPMH consult request dated; Reference ID: 4383021 


	INTRODUCTION AND BACKGROUND 
	On December 19, 2018, Nabriva submitted a New Drug Application (NDA) for Xenleta (lefamulin) injection (NDA #211672) and for Xenleta (lefamulin) tablet (NDA #211673) for the proposed indication of the treatment of adult patients 18 years and older with CABP caused by susceptible organisms. Lefamulin is a new molecular entity (NME) and the first in the pleuromutilin class of antibiotics. The pleuromutilin class of antimicrobials was first discovered in the 1950s but the first pleuromutilin was not marketed u
	On January 29, 2019, the Division of Anti-infective Products (DAIP) consulted the Division of Pediatric and Maternal Health (DPMH) to assist with the pregnancy and lactation subsections of labeling. 
	Table 1: Lefamulin Drug Characteristics
	Table 1: Lefamulin Drug Characteristics
	1 

	Drug Class 
	pleuromutilin class of antibiotics Mechanism of Action 
	It inhibits bacterial protein synthesis 
	 with the A-and P-sites of the peptidyl transferase center (PTC) in  domain V of the 23s rRNA of the 50S ribosomal subunit, Dose and Administration 
	Figure

	Figure
	•. 
	•. 
	•. 
	150 mg every 12 hours by IV infusion over 60 minutes, for 5 to 7 days total 

	•. 
	•. 
	150 mg every 12 hours by IV infusion over 60 mto 7 days 
	inutes for 5 
	Figure



	• 600 mg orally every 12 hours for 5 days Molecular Weight
	Figure

	 g/mol Protein Binding 
	̴ 73 to 88% Terminal Half-Life 
	8 hrs. after single oral or IV dose Bioavailability 
	25% Adverse Reactions 
	Figure
	REVIEW 
	Applicant’s Proposed Lefamulin Product Insert 
	Applicant’s Proposed Lefamulin Product Insert 
	1 



	PREGNANCY 
	PREGNANCY 
	CABP and Pregnancy 
	CABP and Pregnancy 

	•. 
	•. 
	•. 
	Pneumonia in pregnancy is associated with a higher rate of morbidity and mortality than in the nonpregnant population due to a number of physiologic changes that may affect respiration and immune status. Pregnancy increases the risk of maternal complications from pneumonia including the need for mechanical ventilation (in 10-20% of cases), bacteremia (in 16% of cases), empyema (in 8% of cases) and pneumothorax, atrial fibrillation and pericardial tamponade (in 4% of cases).
	2 
	3 4 


	•. 
	•. 
	Community-acquired pneumonia can cause pregnancy-related complications including but not limited to: preterm labor (in 44% of cases of antepartum pneumonia) with a preterm birth rate of 36%,small for gestational age infants, low birth weight infants, and neonatal mortality (1.9% to 12%)
	5 
	3 


	•. 
	•. 
	In the United States, the incidence of antepartum community-acquired pneumonia averages about 1 per 1,000 pregnancies and ranges from 0.5 to 1.5 per 1,000 depending on the population studied. In adults, 60–80% of community acquired pneumonia is caused by bacteria; and the common single pathogen is Streptococcus pneumoniae.
	3 


	•. 
	•. 
	Management of pneumonia in pregnancy includes admission for evaluation, initiation of antimicrobial therapy, fetal evaluation when appropriate, and maintenance of normal maternal respiratory function.
	2 
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	Bacterial resistance to the most commonly prescribed antibacterial agents has become an important issue in the selection of treatment for CABP. The concern for bacterial resistance has prompted the applicant to develop a new class of antibiotics (pleuromutilin antibiotics) for IV and oral use in humans to which lefamulin is the first in class. 
	Animal studies indicate that administration of lefamulin resulted in an increased incidence of post-implantation fetal loss, stillbirths, and/or pup death during lactation in rats or rabbits treated during the period of organogenesis or in rats treated from the beginning of organogenesis through the time of weaning.  Decreased fetal body weights and ossification in rats and rabbits, and apparent delay in sexual maturation in rats may indicate treatment-related developmental delay, while other findings, such
	Nonclinical Experience 

	The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D. 
	Figure
	The applicant did not identify any cases related to pregnancy from their clinical trials. 
	Applicant’s Review of Literature 
	Applicant’s Review of Literature 

	The applicant did not conduct a review of published literature regarding lefamulin and use during pregnancy. 
	DPMH’s review of literature included PubMed, Embase, ReproTox and TERIS data. DPMH did not find any literature involving lefamulin use in pregnancy or pregnancy outcomes. 
	DPMH’s Review of Literature 

	Reviewer Comment: Lefamulin is the first member of the pleuromutilin class. There is no 
	published information or information from the applicant’s clinical trials regarding the use of 
	lefamulin during pregnancy. Based on animal reproduction data, there are concerns of embryofetal toxicity, particularly during the period of organogenesis. The reader is referred to the Discussion/Conclusion section of this review for further details. 
	LACTATION 
	Lactating rats were given a single intravenous dose of 30 mg/kg radioactive labelled lefamulin. Mean concentrations of radioactivity in plasma and milk were maximal at 0.25-hour post dosing 
	Nonclinical Experience 

	(3.29 and 10.7 μg equiv./g respectively). Concentrations were markedly reduced 24 hours post dosing, with values of 0.00663 and 0.0700 μg equiv./g. Milk/plasma ratios increased from 3.27 to 8.33 between 0.25 to 6-hour post dosing. These data indicate that pups would be exposed to drug-related material in maternal milk. Animal studies indicate that administration of lefamulin resulted in pup death in rats treated from the beginning of organogenesis through the time of weaning. 
	The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D. 
	The applicant did not describe any cases related to lactation from their clinical trials or safety database. 
	Review of Pharmacovigilance Database 

	The applicant did not conduct a review of published literature regarding lefamulin and use during lactation. 
	Applicant’s Review of Literature 

	DPMH’s review of literature included PubMed, Embase, ReproTox and TERIS data and LactMed.  DPMH did not find any literature involving lefamulin use during lactation. 
	DPMH’s Review of Literature 


	FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
	FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
	In rats, there were no effects on male fertility that were considered related to lefamulin. .Reproductive indices including mating behavior and fertility were not changed in any group in .either gender at the highest dose tested (75 mg/kg/day, 0.4 times the mean AUC exposure of .CABP patients treated IV); that dose was the NOAEL for fertility in male rats.  In females, .abnormal estrous cycling and increased post-implantation loss were observed at the high dose, .
	Nonclinical Experience. 

	making the NOAEL for fertility and early embryonic development in female rats the next highest .dose, 50 mg/kg/day (approximately 0.22 times the mean AUC exposure of CABP patients .treated IV).. 
	The reader is referred to the full Pharmacology/Toxicology review of Amy C. Nostrandt Ph.D.. 
	The sponsor did not conduct a review of the literature regarding lefamulin and effects on fertility. .
	Applicant’s Review of Literature. 

	DPMH’s Review of the Literature 
	DPMH’s Review of the Literature 

	DPMH conducted a search of published literature in PubMed and Embase regarding lefamulin and its effects on fertility and found no relevant literature. 
	DISCUSSION/CONCLUSIONS Pregnancy 
	Lefamulin is the first member of the pleuromutilin class of antibacterials.  This antibiotic is purported to have a unique mechanism of action in that it prevents resistance to other classes of antibiotics.  No human pregnancy data are available.  Based on data from animal reproduction studies, there are concerns that lefamulin may increase the risk for fetal loss and major fetal malformations. Labeling will note this risk via a Warnings and Precautions section for Embryofetal Toxicity and will include info
	In addition, since lefamulin is indicated for a condition that would be expected to be seen in females of reproductive potential and during pregnancy and since there are concerns for fetal harm based on data from animal reproduction studies, DPMH recommends a post-marketing requirement (PMR) for a postmarketing pregnancy study. Since the drug will have a Warning and Precautions section and language for contraception and pregnancy testing, DAIP does not anticipate that this drug will have significant use in 
	Lactation 
	There are no published data on lefamulin drug levels in human milk or the exposure in breastfed infants. Animal studies indicate that lefamulin was detected in the milk of lactating rats up to 9-fold the plasma concentration and that there were unexplained deaths that occurred in lactating rat pups. When a drug is present in animal milk, it is likely that the drug will also be 
	present in human milk. Given the drug’s characteristics (molecular weight <800 Daltons, protein 
	binding <90%) and findings in animal studies, it is possible that lefamulin will be present in human milk and that an infant may be at risk for harm. DPMH recommends that lefamulin is not used during lactation. 
	In addition, since lefamulin is indicated for a condition that would be expected to be seen in females of reproductive potential and during lactation and since there are concerns based on animal studies, that the drug may accumulate in human milk, DPMH recommends a PMR for the applicant to conduct a milk-only lactation study. 
	Females and Males of Reproductive Potential 
	No literature was identified regarding the effect of lefamulin on fertility in humans. Lefamulin is not genotoxic and no adverse effects on male fertility were seen in animals. In female rats, abnormal estrous cycles and an increase in post-implantation loss were observed at 0.22 times the mean AUC exposure of CABP patients treated with the IV formulation. Given the concerning animal findings regarding teratogenicity and stillbirth, these findings will be described in subsection 8.1 of labeling and subsecti
	PMR RECOMMENDATIONS 
	DPMH recommends the following: 
	1.. DPMH recommends that the applicant implement a Pregnancy Surveillance Program to monitor outcomes of women and infants who are exposed to lefamulin during pregnancy and has suggested language for this program to be included in subsections 
	8.1. DPMH recommends that the following language is included in a post-marketing requirement (PMR): 
	•. Establish a worldwide Pregnancy Surveillance Program (enhanced pharmacovigilance) to collect and analyze information for a minimum of 10 years on pregnancy complications and birth outcomes in women exposed to lefamulin during pregnancy. 
	2. 
	LABELING RECOMMENDATIONS 
	DPMH revised sections 2, 5.4, 8.1, 8.2, 8.3 and 17 of labeling for compliance with the PLLR (see below). DPMH discussed our labeling recommendations with the Division on May 8, 2019 and May 22, 2019. DPMH recommendations are below and reflect the discussions with DAIP. DPMH refers to the final NDA action for final labeling.  
	DPMH Proposed Pregnancy and Lactation Labeling for XENLETA 
	HIGHLIGHTS OF PRESCRIBING INFORMATION ---------------WARNINGS AND PRECAUTIONS--------------------------
	-

	•. Embryofetal toxicity: May cause fetal harm. Advise females of reproductive potential of the potential risk to the fetus and to use effective contraception (5.4, 8.1, 8.3) 
	----------------USE IN SPECIFIC POPULATIONS----------------------------
	-

	•. Lactation: Breastfeeding not recommended (8.2) 
	FULL PRESCRIBING INFORMATION 

	2 DOSAGE AND ADMINISTRATION 
	2 DOSAGE AND ADMINISTRATION 
	2.x Pregnancy Testing Prior to XENLETA Administration 
	Obtain a pregnancy test in females of reproductive potential prior to initiating treatment with XENLETA [see Warnings and Precautions (5.4), Use in Specific Populations (8.1, 8.3)]. 
	5. WARNINGS AND PRECAUTIONS 
	5. WARNINGS AND PRECAUTIONS 
	5.4 Embryo-Fetal Toxicity 
	5.4 Embryo-Fetal Toxicity 
	Based on findings from animal studies and its mechanism of action, lefamulin may cause fetal harm when administered to pregnant women. Animal studies indicate that administration of XENLETA resulted in an increased incidence of post-implantation fetal loss, stillbirths, and/or pup death during lactation in rats or rabbits treated during the period of organogenesis or in rats treated from the beginning of organogenesis through the time of weaning. Decreased fetal body weights and ossification in rats and rab
	8.1 Pregnancy 
	8.1 Pregnancy 
	Based on findings from animal studies and its mechanism of action, XENLETA may cause fetal harm when administered to a pregnant woman.  There are no available data on the use of XENLETA in pregnant women to evaluate for a drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal outcomes. Untreated community acquired pneumonia in pregnancy is associated with adverse maternal and fetal outcomes (see Clinical Considerations). 
	Risk Summary 

	Animal studies indicate that administration of XENLETA resulted in an increased incidence of pre-natal mortality at maternal exposures 0.4 times exposure in clinical patients based on AUC,  decreased fetal body weights, decreased ossification, and apparent delay in sexual maturation that suggest treatment-related developmental delay, and rare malformations in rats at maternal exposures greater than 0.2 times the systemic exposure in CABP patients (see Data). 
	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 of major birth defects and miscarriage in clinically recognized is 2 to 4% and15 to 20%, respectively. 
	There is a pregnancy pharmacovigilance program for XENLETA. If XENLETA is inadvertently administered during pregnancy or if a patient becomes pregnant while receiving XENLETA, healthcare providers should report XENLETA exposure by calling xxx-xxx-xxxx. 
	Clinical Considerations 
	Clinical Considerations 

	Disease-Associated Maternal and/or Embryo/Fetal Risk 
	Untreated community acquired pneumonia in pregnancy is associated with adverse maternal outcomes, including maternal respiratory failure requiring mechanical ventilation, bacteremia, and empyema, and adverse fetal outcomes, including preterm birth, low birth weight, and perinatal infant death. 
	Data 
	Data 

	Animal Data 
	In a prenatal and postnatal development study in rats treated from the beginning of organogenesis through lactation (Gestation day 6 through lactation day 21), the pup live birth index was reduced (87.4% compared with the concurrent control of 98.7%) in the high dose group of 100 mg/kg/day (0.9 times the mean AUC  in CABP patients).  Equivocal findings in that study were indicative of early post-natal mortality and apparent developmental delay that may be related to pre-natal effects. 
	In the rat embryo-fetal development study of IV lefamulin during organogenesis, findings included late resorptions in the high dose group and rare malformations (cleft palate/jaw/vertebral malformations at the mid and high doses, and enlarged ventricular heart chamber with a thin ventricular wall at the high dose).  Decreased or no ossification in a number of skeletal elements in all treated groups may indicate treatment-related developmental delay at all doses.  The NOAEL would be the lowest dose, with the
	The main human metabolite, 2R-hydroxy lefamulin, was evaluated in an embryo-fetal development study in rats after IV administration.  The same cardiac malformation seen in the above study, enlarged ventricular heart chamber with or without a thin ventricular wall (which could be associated with undetected valve or great vessel anomalies) was observed in two litters at 20 mg/kg/day, and one 40 mg/kg/day litter had major blood vessel malformations, approximating clinical doses of 3.2 and 6.5 mg/kg/day, respec
	In the rabbit embryo-fetal development study, low numbers of live fetuses in treated groups limited evaluation of the study.  Additional findings at the high dose included decreased fetal weight and decreased or no ossification of skeletal elements, which may be indicative of developmental delay.  A NOAEL was not determined.  The lowest dose (not fully evaluated due 
	In the rabbit embryo-fetal development study, low numbers of live fetuses in treated groups limited evaluation of the study.  Additional findings at the high dose included decreased fetal weight and decreased or no ossification of skeletal elements, which may be indicative of developmental delay.  A NOAEL was not determined.  The lowest dose (not fully evaluated due 
	to fetal mortality) would correspond to an AUC0-24h approximately 0.14 times the AUC0-24h in CABP patients). 

	Results of animal studies indicate that XENLETA crosses the placenta and is found in fetal tissues. Following a single intravenous administration of 30 mg/kg radio-labelled XENLETA to pregnant female rats on Day 17 of gestation, radioactivity was visible in fetal tissue, with greatest concentrations measured in the placenta and fetal liver (34.3 and 8.26 mcg equivalents/g respectively) compared to 96.6 mcg equivalents/g in the maternal liver. Radioactivity in fetal tissues generally declined rapidly, and ra

	8.2 Lactation 
	8.2 Lactation 
	There are no data on the presence of lefamulin in human milk, its effects on the breastfed infant, or its effects on milk production. Animal studies indicate that XENLETA concentrated in the milk of lactating rats (see Data). When a drug is present in animal milk, it is likely that the drug will be present in human milk. Because of the potential for serious adverse reactions, including QT prolongation, advise patients that breastfeeding is not recommended during  treatment with XENLETA and for 2 days after 
	Risk Summary 

	Administration of a single intravenous dose of 30 mg/kg radio-labelled XENLETA to lactating rats resulted in maximal mean concentrations of radioactivity in plasma and milk at 0.25-hour post-dose (3.29 and 10.7 mcg equiv./g, respectively) that were markedly reduced at 24 hours post-dose(0.00663 and 0.0700 mcg equiv./g, respectively). Milk/plasma ratios increased from 
	Data 

	3.27 at 0.25 hour post-dose to 8.33 at 6 hours post-dose. These data indicate that pups would be exposed to drug-related material in maternal milk. 
	8.3 Females and Males of Reproductive Potential 
	Verify pregnancy status in females of reproductive potential prior to initiating XENLETA [see Use in Specific Populations (8.1)]. 
	Pregnancy Testing 

	Contraception 
	Contraception 

	Females XENLETA may cause fetal harm when administered to pregnant women [see Use in Specific Populations (8.1)]. Advise female patients of reproductive potential to use effective contraception during treatment with XENLETA and for 2 days after the final dose. 
	17 PATIENT COUNSELING INFORMATION 
	17 PATIENT COUNSELING INFORMATION 
	Embryo-Fetal Toxicity 
	Embryo-Fetal Toxicity 

	•. 
	•. 
	•. 
	XENLETA may cause fetal harm when administered to pregnant women. Advise females to inform their healthcare provider of a known or suspected pregnancy [see Warnings and Precautions (5.4), Use in Specific Populations (8.1)]. 

	•. 
	•. 
	Advise females of reproductive potential to use effective contraception during treatment with XENLETA and for 2 days after the final dose [see Use in Specific Populations (8.3)]. 

	•. 
	•. 
	Inform patients that Nabriva Therapeutics has a surveillance program for pregnant women who have taken XENLETA during pregnancy. Advise patients to call xxx-xxx-xxxx to enroll [see Use in Specific Populations (8.1]. 


	Advise women that breastfeeding is not recommended during treatment with XENLETA and for 2 days after the final dose [see Use in Specific Populations (8.2)]. 
	Lactation 
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	MEMORANDUM .REVIEW OF REVISED LABEL AND LABELING. 
	MEMORANDUM .REVIEW OF REVISED LABEL AND LABELING. 
	Division of Medication Error Prevention and Analysis (DMEPA). Office of Medication Error Prevention and Risk Management (OMEPRM). Office of Surveillance and Epidemiology (OSE). Center for Drug Evaluation and Research (CDER). 
	Date of This Memorandum: 
	Date of This Memorandum: 
	Date of This Memorandum: 
	May 17, 2019 

	Requesting Office or Division: 
	Requesting Office or Division: 
	Division of Anti-Infective Products (DAIP) 

	Application Type and Number: 
	Application Type and Number: 
	NDA 211672 and NDA 211673 

	Product Name and Strength: 
	Product Name and Strength: 
	lefamulin Tablets, 600 mg 

	TR
	lefamulin Injection 150 mg/15 mL (10 mg/mL) 

	Applicant/Sponsor Name: 
	Applicant/Sponsor Name: 
	Nabriva Therapeutics Ireland DAC (Nabriva)   

	TR
	c/o Nabriva Therapeutics US, Inc. 

	FDA Received Date: 
	FDA Received Date: 
	May 14, 2019 

	OSE RCM #: 
	OSE RCM #: 
	2018-2735-1 and 2018-2718-3 

	DMEPA Safety Evaluator: 
	DMEPA Safety Evaluator: 
	Deborah Myers, RPh, MBA 

	DMEPA Team Leader: 
	DMEPA Team Leader: 
	Otto L. Townsend, PharmD 


	1 PURPOSE OF MEMORANDUM 
	1 PURPOSE OF MEMORANDUM 
	The Division of Anti-Infective Products (DAIP) requested that we review the revised container labels (30 count bottle of tablets, professional sample blister card tablets, and vial (injection)), 
	carton labeling 
	, vial (injection), and citrate buffered saline bag) for 
	Figure

	lefamulin Tablets, 600 mg and lefamulin Injection 150 mg/15 mL (10 mg/mL) (Appendix A) to determine they are acceptable from a medication error perspective.  The revisions are in response to recommendations that we made during a previous label and labeling review.
	a 


	2 CONCLUSION 
	2 CONCLUSION 
	The Applicant submitted revised container labels (30 count bottle of tablets, professional 
	sample blister card tablets, and vial (injection)), carton labeling ( , 
	vial (injection), and citrate buffered saline bag) for lefamulin Tablets, 600 mg and lefamulin Injection 150 mg/15 mL (10 mg/mL) received on May 14, 2019 for lefamulin Tablets, 600 mg 
	 Myers, D. Label and Labeling Review for lefamulin (NDAs 211672 and 211673). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 2019 APR 14. RCM No.: 2018-2735-1 and 2018-2718-3. 
	a

	1 
	and lefamulin Injection 150 mg/15 mL (10 mg/mL).  The Applicant implemented all of our recommendations and we have no additional recommendations at this time. 
	Figure
	2. 
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	LABEL AND LABELING REVIEW 
	LABEL AND LABELING REVIEW 
	Division of Medication Error Prevention and Analysis (DMEPA). Office of Medication Error Prevention and Risk Management (OMEPRM). Office of Surveillance and Epidemiology (OSE). Center for Drug Evaluation and Research (CDER). 
	*** This document contains proprietary information that cannot be released to the public*** 
	Date of This Review: 
	Date of This Review: 
	Date of This Review: 
	April 15, 2019 

	Requesting Office or Division: 
	Requesting Office or Division: 
	Division of Anti-Infective Products (DAIP) 

	Application Type and Number: 
	Application Type and Number: 
	NDA 211672 and NDA 211673 

	Product Name and Strength: 
	Product Name and Strength: 
	lefamulin Tablets, 600 mg 

	TR
	lefamulin Injection 150 mg/15 mL (10 mg/mL) 

	Product Type: 
	Product Type: 
	Single Ingredient Product 

	Rx or OTC: 
	Rx or OTC: 
	Rx 

	Applicant/Sponsor Name: 
	Applicant/Sponsor Name: 
	Nabriva Therapeutics Ireland DAC (Nabriva)   

	TR
	c/o Nabriva Therapeutics US, Inc. 

	FDA Received Date: 
	FDA Received Date: 
	December 19, 2018, March 13, 2019, and April 1, 2019 

	OSE RCM #: 
	OSE RCM #: 
	2018-2735 and 2018-2718-2 

	DMEPA Safety Evaluator: 
	DMEPA Safety Evaluator: 
	Deborah Myers, RPh, MBA 

	DMEPA Team Leader: 
	DMEPA Team Leader: 
	Otto L. Townsend, PharmD 
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	1 REASON FOR REVIEW 
	1 REASON FOR REVIEW 
	As part of the approval process for lefamulin Tablets, 600 mg and lefamulin Injection 150 mg/15 mL (10 mg/mL), the Division of Anti-Infective Products (DAIP) requested that we review the proposed container labels (30 count bottle of tablets, professional sample 
	blister card tablets, and vial (injection)), carton labeling ( , vial 
	(injection), and citrate buffered saline bag), and prescribing information (PI) for areas that may lead to medication errors.  

	2 REGULATORY HISTORY FOR LEFAMULIN INJECTION (NDA 211673) 
	2 REGULATORY HISTORY FOR LEFAMULIN INJECTION (NDA 211673) 
	On March 13, 2019, the Agency received Nabriva’s Information Request: Citrate Bag Labeling Review for lefamulin seeking our advanced review, ahead of the May 27, 2019 timeline, of their proposed revised container label for their proposed citrate buffered saline bag. 
	a

	On March 19, 2019, we completed our review and provided recommendations.  Our recommendations were communicated to Nabriva on March 20, 2019.
	b
	c 

	On April 1, 2019, Nabriva submitted their revised container labels, as well as their response to our March 20, 2019 labeling recommendations.
	d 

	On April 2, 2019, DMEPA completed our review of the revised container labels in which we found the revised citrate buffered saline bags (two versions: one version includes only the established name (lefamulin) and the other version includes “TRADENAME” (as a placeholder for an approved proprietary name) for lefamulin acceptable from a medication error perspective.  Additionally, we noted in our review that in the event that no proprietary name is found acceptable by mid-May 2019, we concur with Nabriva’s st
	e

	 Nabriva Therapeutics US, Inc. Information Request: Citrate Bag Labeling Review for Lefamulin (NDA 211673). King of Prussia, PA. Nabriva; 2019 MAR 11. Available from: 
	a
	\\cdsesub1\evsprod\nda211673\0014\m1\us\12-covlet\cover.pdf 

	 Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 2019 MAR 19. RCM No.: 2018-2738. 
	b

	 Aggarwal, D. FDA Communication: NDA 211673 Lefamulin Injection Citrate bag. Silver Spring (MD): FDA, CDER, OND, DAIP (US); 2019 MAR 20. NDA 211673. Available from: 
	c

	https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af804e5957 
	https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af804e5957 
	https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af804e5957 


	 Nabriva Therapeutics US, Inc. Response to Labeling Comments: Citrate Buffered Saline Bag for Lefamulin (NDA 211673). King of Prussia, PA. Nabriva; 2019 APR 01. Available from: 
	d

	\\cdsesub1\evsprod\nda211673\0020\m1\us\12-cov-let\cover.pdf 
	\\cdsesub1\evsprod\nda211673\0020\m1\us\12-cov-let\cover.pdf 

	 Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 2019 APR 02. RCM No.: 2018-2738-1. 
	e

	2 
	3 MATERIALS REVIEWED .
	Table 1.  Materials Considered for this Label and Labeling Review 
	Table 1.  Materials Considered for this Label and Labeling Review 
	Table 1.  Materials Considered for this Label and Labeling Review 

	Material Reviewed 
	Material Reviewed 
	Appendix Section (for Methods and Results) 

	Product Information/Prescribing Information 
	Product Information/Prescribing Information 
	A 

	Previous DMEPA Reviews 
	Previous DMEPA Reviews 
	B 

	ISMP Newsletters 
	ISMP Newsletters 
	C – N/A 

	FDA Adverse Event Reporting System (FAERS)* 
	FDA Adverse Event Reporting System (FAERS)* 
	D – N/A 

	Other 
	Other 
	E – N/A 

	Labels and Labeling 
	Labels and Labeling 
	F 


	N/A=not applicable for this review *We do not typically search FAERS for our label and labeling reviews unless we are aware of medication errors through our routine postmarket safety surveillance 
	4 FINDINGS AND RECOMMENDATIONS 
	4 FINDINGS AND RECOMMENDATIONS 
	Tables 2 and 3 below include the identified medication error issues with the submitted 
	container labels (30 count bottle and sample blister 
	), 
	and PI, DMEPA’s rationale for concern, and the proposed recommendation to minimize the risk for medication error. 
	Table 2: Identified Issues and Recommendations for Division of Anti-Infective Products (DAIP) 
	Prescribing Information 
	Prescribing Information 
	Prescribing Information 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	General Issues 
	General Issues 

	1. 
	1. 
	As currently presented,  the dosage form is listed as  injection” throughout the 
	“Injection” is the appropriate dosage form for this product.f 
	Revise occurrences of “ Injection” to the appropriate dosage form “Injection.” 


	 United States Pharmacopoeia (USP) General Chapter <1121> Nomenclature 3 
	f

	Reference ID: 4419312
	Table
	TR
	prescribing information(PI). 

	Highlights of Prescribing Information – Dosage and Administration 
	Highlights of Prescribing Information – Dosage and Administration 

	1. 
	1. 
	As currently presented, the Treatment Durations in the table include hyphens, “5-7 days.” 
	Prescribers may misread the hyphen or become confused about the appropriate duration of treatment. 
	To provide clarity, we recommend replacing the hyphens with their intended meaning “to.” For example, “5 to 7 days.” 

	Full Prescribing Information (FPI), Section 2, Dosage and Administration 
	Full Prescribing Information (FPI), Section 2, Dosage and Administration 

	1. 
	1. 
	Lefamulin injection requires dilution with a provided diluent (250 mL of 10 mM citrate buffered 0.9% sodium chloride). As currently presented, there is not a sub-section, under Section 2, Dosage and Administration, that  provides information detailing the correct preparation of lefamulin solution for intravenous infusion. 
	Without the inclusion of a preparation subsection in the PI, we are concerned users may not be aware that they must combine the lefamulin vial contents with the intended 250 mL of 10 mM citrate buffered 0.9% sodium chloride.  This lack of information regarding the correct preparation may lead to wrong technique medication errors.  
	Add a sub-section, such as “Preparation of TRADEMARK Solution for Intravenous Infusion”, under Section 2, Dosage and Administration, that provides information detailing the correct preparation of lefamulin solution for administration. Subsequently, we recommend that a statement be added under Dosage and Administration heading in Highlights of PI to alert the health care provider that 

	TR
	additional important information is in the FPI (e.g., See Full Prescribing Information for preparation and administration of injection). 

	2. 
	2. 
	As currently presented, there is not a subsection, under Section 2, Dosage and Administration, that  provides information 
	Lack of correct storage information for the lefamulin solution for intravenous infusion could result in the dispensing or administration of 
	Add a sub-section, such as “Storage of Injection After Dilution”, under Section 2, Dosage and Administration, that provides information detailing the correct storage 


	4 
	Table
	TR
	detailing the correct storage of the prepared lefamulin solution for intravenous infusion.  Instead, this information detailing the correct storage of the prepared lefamulin solution for intravenous infusion is currently included in Section 16, How Supplied/Storage and Handling 
	deteriorated drug product.  Additionally, information regarding the appropriate storage of the prepared lefamulin solution for intravenous infusion may be missed in Section 16. 
	after preparation of lefamulin solution for intravenous infusion. 

	Full Prescribing Information (FPI), Section 2.1, Recommended Dosage 
	Full Prescribing Information (FPI), Section 2.1, Recommended Dosage 

	1. 
	1. 
	As currently presented in Table 1, the Treatment Durations include hyphens, “5-7 days.” 
	Prescribers may misread the hyphen or become confused about the appropriate duration of treatment. 
	To provide clarity, we recommend replacing the hyphens with their intended meaning “to.” For example, “5 to 7 days.” 

	FPI, Section 2.3, Administration Instructions 
	FPI, Section 2.3, Administration Instructions 

	1. 
	1. 
	As currently presented under the subheader “TRADEMARK for Injection” information is included regarding 
	We are concerned that the statement, does not provide clarity that there is a specific citrate buffered saline diluent bag intended for preparation of the intravenous solution.  Lack of information regarding the specific citrate buffered saline diluent bag intended for preparation of the lefamulin solution for  intravenous infusion may 
	To provide clarity regarding the specific citrate buffered saline diluent bag intended for preparation of the lefamulin solution for intravenous infusionand to align with the proposed vial container label, add “for injection provided by Nabriva” following the current text For example, 


	5 
	lead to wrong technique medication errors. FPI, Section 16, How Supplied/Storage and Handling 1. As currently presented the text states “…in a single  vial…” The inclusion of the package type term, “single ” is not consistent with the carton labeling and not considered an appropriate package type term. We defer to the Office of Pharmaceutical Quality (OPQ) on the determination of the appropriate package type term.  Once the package type term is determined, it should be consistent throughout labeling. 2. As 
	6 
	Figure
	Table 3: Identified Issues and Recommendations for Nabriva (entire table to be conveyed to Applicant) 
	Container Labels and Carton Labeling 
	Container Labels and Carton Labeling 
	Container Labels and Carton Labeling 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	1. 
	1. 
	The proposed proprietary name, “ ” is included on the container labels (30 count bottle and sample blister 
	Your proposed proprietary name, under IND 106594, was found unacceptable by the Agency, on December 19, 2018.  Additionally, your proposed proprietary name, Xenleta, submitted under NDA 211672, on January 25, 2019, is currently under review by the Agency. 
	Replace all references to “ ” with the placeholder “TRADENAME” in the intended font size and location.  Once a proprietary name is found conditionally acceptable, you can then replace the placeholder, “TRADENAME” with the conditionally acceptable proprietary name and submit the revised labeling for our review.  

	2. 
	2. 
	As currently presented, the format for the expiration date is defined as MMYYYY. 
	The use of two letter alphabetical abbreviations (i.e., the alphabetical abbreviation “JU” can represent both “June” and “July” and the alphabetical abbreviation “MA” can represent both “March” and “May”) within the expiration date can result in confusion regarding the actual expiration date leading to deteriorated drug medication errors. 
	To minimize confusion and reduce the risk for deteriorated drug medication errors, we recommend that the human-readable expiration date on the drug package label include a year, month, and non-zero day. FDA recommends that the expiration date appear in YYYY-MM-DD format if only numerical characters are used or in YYYY-MMM-DD if alphabetical characters are used to represent the month.  


	 Guidance for Industry: Naming of Drug Products Containing Salt Drug Substances. 2013. Available from: 
	g

	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM379753.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM379753.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM379753.pdf 
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	Table
	TR
	If there are space limitations on the drug package, the human-readable text may include only a year and month, to be expressed as: YYYY-MM if only numerical characters are used or YYYYMMM if alphabetical characters are used to represent the month.  FDA recommends that a hyphen or a space be used to separate the portions of the expiration date. 

	Container Label - sample blister card 
	Container Label - sample blister card 

	1. 
	1. 
	As currently presented, the “DOSAGE and ADMINISTRATION” statement is “Take one tablet by mouth. every 12 hours.” 
	There is an extraneous period included within the sentence “Take one tablet by mouth. every 12 hours.” following the word “mouth.”  The presence of an extraneous period in the middle of the sentence 
	To improve readability, remove the extraneous period included within the sentence “Take one tablet by mouth. every 12 hours.” For example, “Take one tablet by mouth every 12 hours.” 

	TR
	could negatively impact readability and cause the reader to think  that the sentence has finished (“Take one tablet by mouth.”) and there is no additional pertinent information.  Thus, a reader might miss the frequency (“every 12 hours”). 

	Container Label (sample blister card) 
	Container Label (sample blister card) 

	1. 
	1. 
	As currently presented, the term is included. 
	The Agency does not consider to be drug samples.  The Agency defines as prescription drug products 
	Remove all references to and replace with terms that clearly denote the packaging status as a drug sample (e.g., “sample,” 
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	Table
	TR
	distributed without charge by manufacturers or distributors to pharmacists with the intent that pharmacists place the drugs in stock and sell them at retail.h  Therefore, “Professional samples packaged as packs or kits should not be labeled with terms such as starter, starter samples, and patient starter pack”i per (21 CFR 203.38(c)). 
	“professional courtesy package.”) (see (21 CFR 203.38(c)). 

	Container Label and Carton Labeling – Vial 
	Container Label and Carton Labeling – Vial 

	1. 
	1. 
	As currently presented, the within the storage statement on the vial container label and carton labeling is, “…at 36°F to 46°F (2°C to 8°C).” 
	The Centigrade temperatures normally precede Fahrenheit temperatures in storage statements.  Additionally, this storage statement on the vial container label and carton labeling, “…at 36°F to 46°F (2°C to 8°C).” is inconsistent with the storage statement included in the proposed prescribing information (PI), “…at 2°C to 8°C (36°F to 46°F)”. 
	To provide clarity and consistency with the storage information in the PI, change the current text “…at 36°F to 46°F (2°C to 8°C).” to “…at 2°C to 8°C (36°F to 46°F)”. 

	Container Label – Vial 
	Container Label – Vial 


	 See the final rule “Prescription Drug Marketing Act of 1987; Prescription Drug Amendments of 1992; Policies, Requirements, and Administrative Policies” (December 3, 1999, 64 FR 67720 at 67742). Available from . 
	h
	https://www.govinfo.gov/content/pkg/FR-1999-12-03/pdf/99-30954.pdf
	https://www.govinfo.gov/content/pkg/FR-1999-12-03/pdf/99-30954.pdf


	 Guidance for Industry: Safety Considerations for Container Labels and Carton Labeling Design to Minimize Medication Errors. Food and Drug Administration. 2013 (lines 758-759). Available from 
	i

	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM349009.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM349009.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM349009.pdf 


	9. 
	1. 
	1. 
	1. 
	As currently presented the package type is not stated on the principal display panel (PDP) of the container label.j 
	The package type on the container labels identifies how the medication should be safely handled and used. Lacking this information may lead to wrong technique medication errors in the preparation of the product. 
	Add the appropriate package type (i.e., Single-Dose Vial) to the PDP. 

	2. 
	2. 
	As currently presented, the storage statement, “Refrigerate at 36°F to 46°F (2°C to 8°C).” lacks the statement “Must be refrigerated.”  Additionally, the storage statement on the container label, “Refrigerate at 36°F to 46°F (2°C to 8°C).” does not align with the 
	Improperly storing this product (i.e., not refrigerating the product prior to reconstitution) could lead to deteriorated drug medication errors. 
	Revise and bold the statement to include “Must be refrigerated.” Additionally, to align with recommendation #1 under the header Container Label and Carton Labeling – Vial (see above), change the current text “…at 36°F to 46°F (2°C to 8°C).” to “…at 2°C to 8°C (36°F to 46°F)”. 

	TR
	storage statement on the carton labeling, MUST BE REFRIGERATED. Store at 36°F to 46°F (2°C to 8°C).” 
	For example, “MUST BE REFRIGERATED. Store at 2°C to 8°C (36°F to 46°F).” 



	5 CONCLUSION. 
	5 CONCLUSION. 
	Our evaluation of the proposed container labels (30 count bottle of tablets, professional sample blister card tablets, and vial (injection)), carton labeling ( , vial 
	(injection), and citrate buffered saline bag), and PI identified areas of vulnerability that may lead to medication errors.  Above, we have provided recommendations in Table 2 for the Division and Table 3 for the Applicant. We ask that the Division convey Table 3 in its entirety to the Nabriva so that recommendations are implemented prior to approval of this NDA. 
	 Guidance for Industry: Selection of the Appropriate Package Type Terms and Recommendations for Labeling Injectable Medical Products Packaged in Multiple-Dose, Single-Dose, and Single-Patient-Use Containers for Human Use. 2015. Available from 
	j

	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM468228.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM468228.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM468228.pdf 
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	APPENDICES: METHODS & RESULTS FOR EACH MATERIAL REVIEWED APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION 
	APPENDICES: METHODS & RESULTS FOR EACH MATERIAL REVIEWED APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION 
	Table 4 presents relevant product information for lefamulin that Nabriva submitted on December 19, 2018. 
	Table 4. Relevant Product Information for lefamulin 
	Table 4. Relevant Product Information for lefamulin 
	Table 4. Relevant Product Information for lefamulin 

	Initial Approval Date 
	Initial Approval Date 
	N/A 

	Active Ingredient 
	Active Ingredient 
	lefamulin 

	Indication 
	Indication 
	treatment of adult patients with community-acquired bacterial pneumonia (CABP) caused by susceptible microorganisms 

	Route of Administration 
	Route of Administration 
	Oral Intravenous infusion 

	Dosage Form 
	Dosage Form 
	Tablets Injection 

	Strength 
	Strength 
	Tablets: 600 mg Injection: 150 mg/15 mL (10 mg/mL) 

	Dose and Frequency 
	Dose and Frequency 
	Tablets: 600 mg (one tablet) orally every 12 hours Injection: 150 mg every 12 hours by intravenous infusion over 60 minutes 

	How Supplied 
	How Supplied 
	Tablets: Available as blue, oval, coated tablets containing lefamulin acetate equivalent to 600 mg lefamulin. The tablet is printed with ‘LEF 600’ in black on one side. They are supplied as follows:  Bottles of 30 tablets with Child-resistant closure    Unit dose opaque blister packs that contain 2 tablets (Sample Packs) Injection: is a clear, colorless, sterile, nonpyrogenic solution for intravenous administration containing 150 mg of lefamulin in 15 mL 0.9% sodium chloride in a single vial intended dilu

	Storage 
	Storage 
	Tablets: Should be stored at 20°C to 25°C (68°F to 77°F); excursions permitted to 15°C to 30°C (59°F to 86°F) [see USP Controlled Room Temperature]. 
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	Table
	TR
	Injection: Should be stored at 2°C to 8°C (36°F to 46°F). Store in a refrigerator. Do not freeze. The diluent bags should be stored at 20°C to 25°C (68°F to 77°F); excursions permitted between 15°C and 30°C (59°F and 86°F) [See USP Controlled Room Temperature].  After dilution: The chemical and physical in-use stability has been demonstrated for up to 24 hours at room temperature and up to 48 hours when refrigerated, 2°C to 8°C (36° to 46°F). 

	Container Closure 
	Container Closure 
	Tablets: HDPE bottles of 30: White 75 mL HDPE bottle, with child-resistant closure and inner seal. Unit dose opaque blister packs that contain 2 tablets (Sample Packs): Blister packs formed from opaque Injection: The drug product is provided in a clear type I glass 15 mL vial with a gray rubber stopper, aluminum seal and white flip off cap. 
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	APPENDIX B. PREVIOUS DMEPA REVIEWS 
	B.1 Methods 
	B.1 Methods 
	On April 1, 2019, we searched the L:drive and AIMS using the terms, Xenleta and lefamulin and to identify reviews previously performed by DMEPA. 
	B.2 Results 
	B.2 Results 
	Our search identified threeprevious reviews that we reviewed and determined one
	b,e,k 
	k 

	included the denial of the proposed proprietary name 
	***.  This name denial 
	Figure

	information was used for the basis of our recommendation to replace all references to 
	“ 
	” with the placeholder “TRADENAME” on the proposed container labels and carton labeling.  The other two of these reviews were previously mentioned in the Regulatory History (Section B) of this review. 
	b,e 

	Figure
	 Myers, D. Proprietary Name Review for 
	k

	 (lefamulin) IND 106594 and 125546. Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 2018 DEC 14.  RCM No.: 2018-24380138 and 2018-24406170. 
	Figure
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	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	DEBORAH E MYERS 04/15/2019 11:30:28 AM 
	OTTO L TOWNSEND 04/15/2019 04:29:23 PM 
	Interdisciplinary Review Team for QT Studies Consultation Review. 
	Interdisciplinary Review Team for QT Studies Consultation Review. 
	Submission 
	Submission 
	Submission 
	NDA # 211272 & 211673 

	Submission Number 
	Submission Number 
	# 0001 

	Submission Date 
	Submission Date 
	12/19/2018 

	Date Consult Received 
	Date Consult Received 
	1/11/2019 

	Clinical Division 
	Clinical Division 
	OAP/DAIP 


	Note: Any text in the review with a light background should be inferred as copied from the sponsor’s document. 
	This review responds to your consult regarding the sponsor’s QT evaluation. The QT-IRT reviewed the 
	following materials: 
	 Previous QT-IRT review dated 02/10/2011 in DARRTS (); 
	link

	 Previous QT-IRT review dated 03/21/2011 in DARRTS (); 
	link

	 Previous QT-IRT review dated 09/06/2011 in DARRTS (); 
	link

	 Previous QT-IRT review dated 10/11/2011 in DARRTS (); 
	link

	 The Sponsor’s concentrations-QT analysis report (SN0001 / SDN001; ); 
	link

	 The Sponsor’s study report NAB-BC-3781-1001 (SN0001 / SDN001; ); 
	link

	 The Sponsor’s study report NAB-BC-3781-1007 (SN0001 / SDN001; ); 
	link

	 The Sponsor’s cardiac safety report (SN0001 / SDN001; ); 
	link

	 Proposed product label (SN0014 / SDN014; ); and 
	link

	 Highlights of clinical pharmacology and cardiac safety (SN0003 / SDN003; ). 
	link

	1 SUMMARY 
	1 SUMMARY 
	Concentration-dependent QTc prolongation effect of lefamulin injection and lefamulin tablets was detected in this QT assessment. 
	The effect of lefamulin injection was evaluated in clinical studies 1001 and 1007. The highest dose of lefamulin evaluated was 400 mg (administered as 0.5-hour infusion), which is the maximum studied dose studies was analyzed using exposure-response analysis as the primary analysis, which suggested that lefamulin is associated with significant QTc prolonging effect in a nonlinear and concentration-dependent categorical analysis (section ). 
	and also covers the worst-case exposure scenario (CYP3A inhibition, section 3.1). The data from both 
	manner (refer to section 4.5) – see Table 1 for overall results. The findings of this analysis are further 
	supported by the available nonclinical data (section 3.1) and central tendency analysis (section 4.3) and 
	4.4

	The sponsor conducted 2 randomized, double-blind, double-dummy, active controlled, parallel group phase-3 studies in adult patients with community-acquired bacterial pneumonia. For intravenous infusion, the mean change from baseline in QTcF interval (on Day 3 post-dose) was 13.6 ms (90% two-sided upper confidence interval: 15.5 ms) at 150 mg twice daily dose of lefamulin (administered as intravenous infusion; Study 3101). Similarly, for oral administration, the mean change from baseline in QTcF interval (on
	The sponsor conducted 2 randomized, double-blind, double-dummy, active controlled, parallel group phase-3 studies in adult patients with community-acquired bacterial pneumonia. For intravenous infusion, the mean change from baseline in QTcF interval (on Day 3 post-dose) was 13.6 ms (90% two-sided upper confidence interval: 15.5 ms) at 150 mg twice daily dose of lefamulin (administered as intravenous infusion; Study 3101). Similarly, for oral administration, the mean change from baseline in QTcF interval (on
	with tablet formulation (2240 ng/mL) were relatively lower than that observed with intravenous administration (3030 ng/mL) possibly contributing to the differences in the mean change from baseline in QTcF interval. 

	Table 1: The Point Estimates and the 90% CIs (FDA’s Nonlinear Exposure-Response Analysis) 
	ECG parameter 
	ECG parameter 
	ECG parameter 
	Treatment 
	Concentration 
	∆∆QTcF (ms) 
	90% CI (ms) (lower, upper) 

	QTc 
	QTc 
	150 mg Injection* (twice daily) 
	3030 ng/mL 
	10.9 
	(9.4, 13.5) 

	QTc 
	QTc 
	600 mg tablet (twice daily) 
	2240 ng/mL 
	10.2 
	(8.8, 12.7) 


	administered as intravenous infusion 
	*

	1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 
	1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 
	Not applicable. 

	1.2 COMMENTS TO THE REVIEW DIVISION 
	1.2 COMMENTS TO THE REVIEW DIVISION 
	Not applicable 


	2 PROPOSED LABEL 
	2 PROPOSED LABEL 
	Our changes are highlighted (, ). Each section is followed by a rationale for the changes made. Please note, that this is a suggestion only and that we defer final labeling decisions to the Division. 
	addition
	deletion

	5.1 QT Prolongation 
	Xenleta has the potential to prolong the QT interval of the electrocardiogram in some patients. Avoid Xenleta in patients with the following 
	•. 
	•. 
	•. 
	Known prolongation of the QT interval 

	•. 
	•. 
	Ventricular arrhythmias including torsades de pointes 

	•. 
	•. 
	Patients receiving Class IA (for example, quinidine, procainamide) or Class III (for example, amiodarone, sotalol) antiarrhythmic agents 

	•. 
	•. 
	Patients receiving other drugs that prolong the QT interval, such as .antipsychotics, erythromycin, pimozide, and tricyclic antidepressants. 


	In patients with renal failure who require dialysis, metabolic disturbances associated with renal failure may lead to QT prolongation. 
	In patients with mild, moderate, or severe liver cirrhosis, metabolic disturbances associated with hepatic
	 may lead to QT prolongation. 
	Figure

	The magnitude of QT prolongation may increase with increasing concentrations of Xenleta or increasing the rate of infusion of the intravenous formulation. Therefore, the recommended dose and infusion rate should not be exceeded. 
	Reviewer’s comments:  If there is a need to administer Xenleta with another drug that prolongs the QT interval, the sponsor should consider monitoring ECGs during concomitant administration. 
	Reviewer’s comments:  If there is a need to administer Xenleta with another drug that prolongs the QT interval, the sponsor should consider monitoring ECGs during concomitant administration. 
	Reviewer’s comments:  If there is a need to administer Xenleta with another drug that prolongs the QT interval, the sponsor should consider monitoring ECGs during concomitant administration. 

	12.2 Pharmacodynamics Cardiac Electrophysiology The QTcF interval prolongation risk of Xenleta was evaluated using 2 randomized, double-blind, double-dummy, active controlled (moxifloxacin 400 mg once daily), parallel group, phase-3 studies in adult patients with community-acquired bacterial pneumonia. A concentration dependent QTc prolongation effect of Xenleta was observed. The mean placebo-corrected change from baseline QTcF (90% two-sided upper confidence interval) values around Tmax were 13.6 ms (15.5 
	12.2 Pharmacodynamics Cardiac Electrophysiology The QTcF interval prolongation risk of Xenleta was evaluated using 2 randomized, double-blind, double-dummy, active controlled (moxifloxacin 400 mg once daily), parallel group, phase-3 studies in adult patients with community-acquired bacterial pneumonia. A concentration dependent QTc prolongation effect of Xenleta was observed. The mean placebo-corrected change from baseline QTcF (90% two-sided upper confidence interval) values around Tmax were 13.6 ms (15.5 

	Reviewer’s comments: The sponsor evaluated concentration-QTc relationship using linear regression of pooled data from several studies with intravenous and oral administration. Sponsor’s linear model has a major limitation as the FDA analysis suggested a non-linear (Emax, saturable) relationship between lefamulin concentration and ΔQTcF. Considering the non-linear relationship between concentration and ΔQTcF and lack of information on the mechanistic aspects, we recommend reporting the observed data on QTc i
	Reviewer’s comments: The sponsor evaluated concentration-QTc relationship using linear regression of pooled data from several studies with intravenous and oral administration. Sponsor’s linear model has a major limitation as the FDA analysis suggested a non-linear (Emax, saturable) relationship between lefamulin concentration and ΔQTcF. Considering the non-linear relationship between concentration and ΔQTcF and lack of information on the mechanistic aspects, we recommend reporting the observed data on QTc i


	3 
	3 
	SPONSOR’S SUBMISSION 

	3.1 OVERVIEW 
	3.1 OVERVIEW 
	Nabriva Therapeutics is developing a semi-synthetic pleuromutilin class antibacterial agent, lefamulin 
	(, acetate salt, MW: 
	BC-3781.Ac

	g/mol), for the treatment of adult patients with community-acquired bacterial pneumonia (CABP). Lefamulin inhibits bacterial protein synthesis possibly by interacting with the A- and P- sites of the peptidyl transferase center in the central part of domain V of the 23s rRNA of the 50S ribosomal subunit, preventing correct positioning of the tRNA. 
	Figure

	intravenous infusion over 60 minutes followed by 600 mg dose to be administered every 12 hours orally totally for 5-7 days; and 3) 600 mg dose to be administered every 12 hours orally for 5 days. The peak concentrations of lefamulin ~2900 ng/mL (CV: 31%) are observed at 
	The sponsor developed 2 drug products 1) coated immediate-release tablets (NDA-211672) for oral administration (equivalent to 600 mg free base), 2) a single-use vial (NDA-211673) for intravenous administration (acetate salt; equivalent to 150 mg free base in 15 mL 0.9% NaCl) after dilution into 250 mL of a custom-made citrate-buffered normal saline. The sponsor used capsule formulation in early development and the bioavailability of lefamulin from both the tablet and capsule formulations were comparable (St
	The sponsor proposes three dosing regimens 1) 150 mg dose to be administered every 12 hours as intravenous infusion over 60 minutes for 5-7 days; 2) 150 mg dose to be administered every 12 hours as 
	the steady-state with multiple intravenous administration at 150 mg (twice daily) dose. Similarly, the peak concentrations of lefamulin ~2100 ng/mL (CV: 38%) are observed at the steady-state with multiple oral administration at 600 mg (twice daily) dose. 
	Lefamulin is metabolized by CYP3A4/5 forming (~14 to 17%) its main inactive (2R)-hydroxy metabolite (BC-8041). Following concomitant administration of lefamulin (400 mg single oral dose) with the strong CYP3A inhibitor ketoconazole (200 mg twice daily for 3 days), the mean Cmax and AUCinf increased by 1.6-fold (~1550 ng/mL) and 2.65-fold (~11000 ng.h/mL), repsectively (Study # 1103). The effect drug interaction on the exposures of lefamulin was lower with intravenous administration (Cmax: 1.06-fold increase
	Previously, the sponsor submitted thorough QT study protocol for the QT-IRT’s review with 400 mg as a supra-therapeutic dose. However, based on the available clinical and non-clinical data, lefamulin was considered to be a QTc prolonger at the potential therapeutic dose (100-150 mg bid as infusion over 1h; for 14 days). The QT-IRT recommended (Dt: ) that the sponsor performs intensive ECG monitoring in the on-going and future clinical studies without a need of thorough QT study. Subsequently, the QT-IRT pro
	02/10/2011
	03/21/2011
	09/06/2011
	10/11/2011

	The sponsor submitted pooled concentrations-QT analysis to characterize the relationship between plasma concentration of lefamulin and changes in the QTcF using the data from 5 studies with intravenous administration (Studies 1001, 1002, 1003, 1007, and 1009) and 6 studies with oral administration (Studies 1001, 1002, 1004, 1005, 1006, and 1007), separately. The sponsors states that ECGs were analyzed by the same ECG core lab using the same methodology, processes, and programs. Considering that the relative
	5.1


	3.2 SPONSOR’S RESULTS 
	3.2 SPONSOR’S RESULTS 
	3.2.1 Central tendency analysis 
	The reviewer’s double delta analysis and the sponsor’s single delta analysis lead to similar conclusions. 
	Please see Section 4.3 for additional details. 

	3.2.1.1 Assay Sensitivity 
	3.2.1.1 Assay Sensitivity 
	No assay sensitivity was conducted by the sponsor. Please see section 4.2.2 for additional details. 
	No assay sensitivity was conducted by the sponsor. Please see section 4.2.2 for additional details. 



	3.2.1.1.1 QT bias assessment 
	3.2.1.1.1 QT bias assessment 
	conducted by the reviewers. 
	No QT bias assessment was conducted by the sponsor. Please see section 4.2.2 for QT bias assessment 


	3.2.2 Categorical Analysis 
	3.2.2 Categorical Analysis 
	additional details. 
	The results of the reviewer’s analysis are similar to the sponsor’s results. Please see Section 4.4 for 


	3.2.3 Safety Analysis 
	3.2.3 Safety Analysis 
	3.2.3.1 Study NAB-BC-3781-1001 
	3.2.3.1 Study NAB-BC-3781-1001 
	There were no deaths or SAEs and no subject discontinued the study due to AEs. 
	The number of subjects with abnormal finding other than QT/QTc changes is summarized by treatment 
	Figure
	group in Table 2. Subject 

	had several ventricular extra-systoles in the ECG after dosing in sessions 2, 3 (both 50 mg) and 4 (placebo). These findings were judged as not clinically significant by the Investigator. 
	Table 2: Subjects with Abnormal ECG Findings 
	Source: Table 18 in CSR 

	3.2.3.2 Study NAB-BC-3781-1007 
	3.2.3.2 Study NAB-BC-3781-1007 
	There were no deaths or SAEs, and no subject discontinued the study due to AEs. There were no AEs of severe intensity. 
	Three subjects in Part A (Subjects 
	Three subjects in Part A (Subjects 
	Three subjects in Part A (Subjects 
	Three subjects in Part A (Subjects 
	Figure

	, 

	and 

	) and two subject in Part B (Subject 

	, 
	, 
	, 
	placebo; Subject 

	, 200 mg BC-3781 q12h) had a prolonged QRS/(incomplete) right bundle branch block at pre- and post-dose (all three subjects in Part A after BC-3781 and placebo treatment) or only post-dose (both subjects in Part B), without showing any treatment-related pattern. An AV-block first degree was seen in the ECGs of three subjects, in one of them (Subject 
	, 200 mg BC-3781 q12h) had a prolonged QRS/(incomplete) right bundle branch block at pre- and post-dose (all three subjects in Part A after BC-3781 and placebo treatment) or only post-dose (both subjects in Part B), without showing any treatment-related pattern. An AV-block first degree was seen in the ECGs of three subjects, in one of them (Subject 
	Figure
	Figure
	Figure
	Figure
	Figure



	) once after single dose administration of BC-3781 
	) once after single dose administration of BC-3781 
	in saline and in two subjects (Subjects 

	) 
	) 
	) 
	) 
	had a sinus bradycardia after dosing. Subject (150 mg BC-3781 q12h) had a sinus arrhythmia once on Day 2. 

	and ) pre-as well as post-dose after placebo dosing in Part 
	Figure
	Figure
	Figure
	Figure


	B. Three subjects in the placebo group (Subjects , 
	B. Three subjects in the placebo group (Subjects , 
	B. Three subjects in the placebo group (Subjects , 
	Figure
	Figure


	and 

	) 
	) 
	and one subject in the 200 mg BC3781 q12h group (Subject 


	Reviewer’s comment: None of the events identified to be of clinical importance per the ICH E14 guideline (i.e., syncope, seizure, significant ventricular arrhythmias or sudden cardiac death) occurred in studies 1001 and 1007. 


	3.2.4 Exposure-Response Analysis 
	3.2.4 Exposure-Response Analysis 
	The sponsor performed PK-PD analyses to explore the relationship between the change from baseline in QTc intervals (ΔQTcF) and plasma concentrations of lefamulin using a linear regression method. The pooled C-QT linear regression analysis for both intravenous and oral administration showed a significant (p <0.0001) concentration dependent QTcF prolongation. The sponsor’s regression analysis estimated placebo-corrected change from baseline QTcF values of 13.2 ms at the mean peak parent plasma levels for the 
	Reviewer’s comment: The sponsor’s regression analysis suggested statistically significant, positive slopes between ΔQTcF and lefamulin concentration. The reviewer’s analysis revealed a non-linear relationship between ΔQTcF and lefamulin concentration. The sponsor’s analysis did not follow White paper model or include assessment of delayed effects, assessment of linearity, model selection criterion etc. The reviewer does not agree with sponsor’s proposal to report model predictions based on linear 
	regression. Please see section 4.5 for additional details. 

	4 REVIEWERS’ ASSESSMENT 
	4 REVIEWERS’ ASSESSMENT 
	4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 
	4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 
	The sponsor used QTcF for the primary analysis, which is acceptable as no significant increases or 
	decreases in heart rate (i.e. mean < 10 bpm) were observed (see Sections 4.3.2 and 4.5). 


	4.2 ECG ASSESSMENTS 
	4.2 ECG ASSESSMENTS 



	4.2.1 Overall 
	4.2.1 Overall 
	Overall ECG acquisition and interpretation in study 1001 and study 1007 appears acceptable. 

	4.2.2 QT bias assessment 
	4.2.2 QT bias assessment 
	QT bias assessment was conducted by evaluating the relationship between the difference between the sponsor provided QT measurements and the automated algorithm used by the ECG Warehouse and the mean of the two measurements (BA-slope). The resulting QTcF BA-slope by treatment not suggest the presence of significant negative treatment bias. 
	(active/placebo/overall) is presented for study 1001 (Table 3) and study 1007 (Table 4). This analysis does 

	Table 3: QTcF Bias Assessment by Treatment in Study 1001 
	Table 3: QTcF Bias Assessment by Treatment in Study 1001 
	Table 4: QTcF Bias Assessment by Treatment in Study 1007 

	Treatment 
	Treatment 
	Treatment 
	# of ECGs 
	Mean (sd), ms 
	Slope [95% CI], ms per 100 ms 

	Overall 
	Overall 
	2107 
	-14.99 (4.06) 
	-5.03 [-6.1 to -3.96] 

	Treatment 
	Treatment 
	1579 
	-15.07 (4.13) 
	-4.65 [-5.87 to -3.43] 


	Placebo 528 -14.74 (3.83) -6.26 [-8.63 to -3.88] 
	Treatment 
	Treatment 
	Treatment 
	# of ECGs 
	Mean (sd), ms 
	Slope [95% CI], ms per 100 ms 

	Overall 
	Overall 
	4376 
	-9.8 (5.75) 
	-5.99 [-6.98 to -5] 

	Treatment 
	Treatment 
	2922 
	-9.95 (6.11) 
	-5.42 [-6.62 to -4.21] 

	Placebo 
	Placebo 
	1454 
	-9.51 (4.95) 
	-7.63 [-9.79 to -5.48] 


	4.3 CENTRAL TENDENCY ANALYSIS 
	4.3 CENTRAL TENDENCY ANALYSIS 


	4.3.1 QTc 
	4.3.1 QTc 
	Data from Phase I studies 1001 and 1007 were selected for central tendency analysis. Placebo arms in Part B of Study 1007 were pooled. The statistical reviewer used mixed model to analyze the QTcF effect by time point. The model includes treatment as a fixed effect and subject as a random effect. Baseline values sponsor listed descriptive statistics for QTcF. 
	are also included in the model as a covariate. Table 5 displays the results of central tendency analysis. The 

	Table 5: The Point Estimates and the 90% CIs on ΔΔQTcF Corresponding to the Largest Upper. Bounds. 
	Table
	TR
	∆∆QTcF (ms) 

	Study 
	Study 
	Cohort/ Part 
	Treatment 
	Day 
	Time (Hour) 
	N 
	LSMean 
	90% CI 

	1001 
	1001 
	Cohort 1 
	25 mg 
	1 
	6 
	8 
	2.6 
	(-0.5, 5.8) 

	TR
	50 mg 
	1 
	1 
	8 
	2.4 
	(-1.6, 6.5) 

	TR
	100 mg 
	1 
	1.25 
	6 
	3.5 
	(-7.0, 14.0) 

	TR
	Cohort 2 
	200 mg 
	1 
	1.25 
	8 
	12.9 
	(7.3, 18.6) 

	TR
	300 mg 
	1 
	1.25 
	8 
	22.0 
	(16.4, 27.6) 

	TR
	400 mg 
	1 
	1.25 
	8 
	25.9 
	(20.3, 31.5) 

	1007 
	1007 
	Part A 
	400 mg S 
	1 
	1 
	6 
	19.6 
	(12.9, 26.3) 

	TR
	400 mg CS 
	1 
	1 
	6 
	18.4 
	(11.8, 25.0) 

	TR
	Part B 
	150 mg CS 
	1 
	3 
	8 
	7.9 
	(2.8, 13.0) 

	TR
	6 
	2 
	8 
	10.3 
	(2.4, 18.1) 

	TR
	200 mg CS 
	1 
	3 
	8 
	12.8 
	(7.6, 17.9) 

	TR
	6 
	2 
	8 
	19.0 
	(11.1, 26.9) 


	The following figure displays the time profile of ΔΔQTcF for different treatment groups. 
	Figure 1: Mean and 90% CI on ΔΔQTcF Time Course (unadjusted CIs) 
	Figure
	4.3.1.1 Assay sensitivity 
	4.3.1.1 Assay sensitivity 
	Not applicable. 



	4.3.2 HR 
	4.3.2 HR 
	research compound in the two studies. 
	The same statistical analysis was performed based on HR (Figure 2). No HR effect was found for the 

	Figure 2: Mean and 90% CI on ΔΔHR Time Course 
	Figure
	4.3.3 PR 
	The same statistical analysis was performed based on PR interval (Figure 3). 
	The same statistical analysis was performed based on PR interval (Figure 3). 

	Figure 3: Mean and 90% CI on ΔΔPR Time Course 
	Figure
	4.3.4 QRS 
	The same statistical analysis was performed based on QRS interval (Figure 4). 
	The same statistical analysis was performed based on QRS interval (Figure 4). 

	Figure 4: Mean and 90% CI on ΔΔQRS Time Course 
	Figure
	4.4 CATEGORICAL ANALYSIS 
	4.4 CATEGORICAL ANALYSIS 
	4.4.1 QTc 
	Data from Phase II study 2001 and Phase III studies 3101 and 3102 were selected for categorical analysis. between 450 ms and 480 ms, between 450 and 500 ms, and >500 ms. Except higher numbers for QTcF between 450 ms and 480 ms in studies 3101 and 3102, the reviewer’s results are the same as the sponsor’s results for the research compound.    
	Table 6 lists the number of subjects as well as the number of observations whose QTcF values were 

	Table 6: Categorical Analysis for QTcF 
	Table
	TR
	Total N 
	450<QTcF<=480 ms 
	480<QTcF<=500 ms 
	QTcF>500 ms 

	Study 
	Study 
	Treatment Group 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. #

	 2001 
	 2001 
	Baseline 
	207 
	208 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 


	Table
	TR
	Total N 
	450<QTcF<=480 ms 
	480<QTcF<=500 ms 
	QTcF>500 ms 

	Study 
	Study 
	Treatment Group 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 

	TR
	BC-3781 100 mg IV q12h 
	70 
	675 
	5 (7.1%) 
	8 (1.2%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 

	TR
	BC-3781 150 mg IV q12h 
	71 
	684 
	2 (2.8%) 
	4 (0.6%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 

	TR
	Vancomycin 1 g IV q12h 
	66 
	629 
	2 (3.0%) 
	2 (0.3%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%)

	 3101 
	 3101 
	Baseline 
	546 
	546 
	30 (5.5%) 
	30 (5.5%) 
	4 (0.7%) 
	4 (0.7%) 
	1 (0.2%) 
	1 (0.2%) 

	TR
	Lefamulin 150 mg IV q12h 
	273 
	816 
	43 (15.8%) 
	78 (9.6%) 
	12 (4.4%) 
	16 (2.0%) 
	1 (0.4%) 
	1 (0.1%) 

	TR
	Moxifloxacin 400 mg IV q24h 
	272 
	817 
	44 (16.2%) 
	93 (11.4%) 
	8 (2.9%) 
	15 (1.8%) 
	4 (1.5%) 
	6 (0.7%)

	 3102 
	 3102 
	Baseline 
	733 
	733 
	42 (5.7%) 
	42 (5.7%) 
	0 (0.0%) 
	0 (0.0%) 
	1 (0.1%) 
	1 (0.1%) 

	TR
	Lefamulin 600 mg PO q12h 
	364 
	1066 
	36 (9.9%) 
	69 (6.5%) 
	6 (1.6%) 
	12 (1.1%) 
	1 (0.3%) 
	1 (0.1%) 

	TR
	Moxifloxacin 400 mg PO q24h 
	367 
	1084 
	55 (15.0%) 
	98 (9.0%) 
	7 (1.9%) 
	9 (0.8%) 
	2 (0.5%) 
	2 (0.2%) 


	Note: For categorical analysis tables herein, ISS data were used for study 2001 and ERT data were used for studies 3101 and 3102. Total N for subject is the total number of subjects with non-missing values or changes for a specific ECG parameter. 
	ΔQTcF. The results are similar to that of the sponsor. 
	Table 7 lists the categorical analysis results for 

	Table 7: Categorical Analysis of ΔQTcF 
	Table
	TR
	Total N 
	30<ΔQTcF<=60 ms 
	ΔQTcF>60 ms 

	Study 
	Study 
	Treatment Group 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. #

	 2001 
	 2001 
	BC-3781 100 mg IV q12h 
	70 
	675 
	15 (21.4%) 
	34 (5.0%) 
	0 (0.0%) 
	0 (0.0%) 

	TR
	BC-3781 150 mg IV q12h 
	71 
	684 
	16 (22.5%) 
	43 (6.3%) 
	0 (0.0%) 
	0 (0.0%) 

	TR
	Vancomycin 1 g IV q12h 
	66 
	629 
	8 (12.1%) 
	12 (1.9%) 
	0 (0.0%) 
	0 (0.0%)

	 3101 
	 3101 
	Lefamulin 150 mg IV q12h 
	273 
	816 
	51 (18.7%) 
	88 (10.8%) 
	7 (2.6%) 
	8 (1.0%) 

	TR
	Moxifloxacin 400 mg IV q24h 
	272 
	811 
	65 (23.9%) 
	106 (13.1%) 
	9 (3.3%) 
	9 (1.1%)

	 3102 
	 3102 
	Lefamulin 600 mg PO q12h 
	362 
	1058 
	51 (14.1%) 
	85 (8.0%) 
	4 (1.1%) 
	6 (0.6%) 

	TR
	Moxifloxacin 400 mg PO q24h 
	367 
	1082 
	61 (16.6%) 
	107 (9.9%) 
	7 (1.9%) 
	10 (0.9%) 




	4.4.2 PR 
	4.4.2 PR 
	3101, 3 subjects had post baseline PR >220 ms; baseline PR values for the 3 subjects were >220 ms also. Seventeen other subjects had post baseline PR values between 200 ms and 220 ms; 7 of the 17 subjects had baseline PR values between 200 ms and 220 ms, and the remaining subjects’ baseline PR values were below 200 ms. For lefamulin 600 mg PO q12h group in study 3102, 8 subjects had PR >220 ms; 4 of the 8 subjects had baseline PR values >220 ms, and 2 of the 8 subjects had baseline PR values between 200 ms 
	The outlier analysis results for PR are presented in Table 8. For lefamulin 150 mg IV q12h group in study 

	Table 8: Categorical Analysis for PR 
	Table
	TR
	Total N 
	200<PR<=220 ms 
	PR>220 ms 

	Study 
	Study 
	Treatment Group 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. #

	 3101 
	 3101 
	Baseline 
	523 
	523 
	10 (1.9%) 
	10 (1.9%) 
	10 (1.9%) 
	10 (1.9%) 

	TR
	Lefamulin 150 mg IV q12h 
	258 
	755 
	17 (6.6%) 
	30 (4.0%) 
	3 (1.2%) 
	7 (0.9%) 

	TR
	Moxifloxacin 400 mg IV q24h 
	266 
	799 
	11 (4.1%) 
	20 (2.5%) 
	9 (3.4%) 
	22 (2.8%)

	 3102 
	 3102 
	Baseline 
	716 
	716 
	16 (2.2%) 
	16 (2.2%) 
	7 (1.0%) 
	7 (1.0%) 

	TR
	Lefamulin 600 mg PO q12h 
	357 
	1042 
	12 (3.4%) 
	22 (2.1%) 
	8 (2.2%) 
	18 (1.7%) 

	TR
	Moxifloxacin 400 mg PO q24h 
	360 
	1064 
	17 (4.7%) 
	32 (3.0%) 
	6 (1.7%) 
	10 (0.9%) 


	* The sponsor didn’t present PR outliers for study 2001. Average values for PR are not available in data. 

	4.4.3 QRS 
	4.4.3 QRS 
	post baseline QRS >110 ms in BC-3781 100 mg IV q12h and BC-3781 150 mg IV q12h groups, respectively. Five of the 8 subjects and 4 of the 6 subjects’ baseline QRS values were also >110 ms. In studies 3101 and 3102, 19 subjects and 16 subjects had post baseline QRS >110 ms in lefamulin 150 mg IV q12h and lefamulin 600 mg PO q12h groups, respectively. Twelve of the 19 subjects in lefamulin 150 mg IV q12h group and 12 of the 16 subjects in lefamulin 600 mg PO q12h group had baseline QRS values >110 ms also. The
	The outlier analysis results for QRS are presented in Table 9. In study 2001, 8 subjects and 6 subjects had 

	Table 9: Categorical Analysis for QRS 
	Table
	TR
	Total N 
	QRS<=110 ms 
	QRS>110 ms 

	Study 
	Study 
	Treatment Group 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. # 
	Subj. # 
	Obs. #

	 2001 
	 2001 
	Baseline 
	207 
	208 
	191 (92.3%) 
	191 (91.8%) 
	16 (7.7%) 
	17 (8.2%) 

	TR
	BC-3781 100 mg IV q12h 
	70 
	675 
	62 (88.6%) 
	629 (93.2%) 
	8 (11.4%) 
	46 (6.8%) 

	TR
	BC-3781 150 mg IV q12h 
	71 
	684 
	65 (91.5%) 
	633 (92.5%) 
	6 (8.5%) 
	51 (7.5%) 

	TR
	Vancomycin 1 g IV q12h 
	66 
	629 
	58 (87.9%) 
	554 (88.1%) 
	8 (12.1%) 
	75 (11.9%)

	 3101 
	 3101 
	Baseline 
	546 
	546 
	516 (94.5%) 
	516 (94.5%) 
	30 (5.5%) 
	30 (5.5%) 

	TR
	Lefamulin 150 mg IV q12h 
	273 
	816 
	254 (93.0%) 
	770 (94.4%) 
	19 (7.0%) 
	46 (5.6%) 

	TR
	Moxifloxacin 400 mg IV q24h 
	272 
	819 
	253 (93.0%) 
	771 (94.1%) 
	19 (7.0%) 
	48 (5.9%)

	 3102 
	 3102 
	Baseline 
	733 
	733 
	700 (95.5%) 
	700 (95.5%) 
	33 (4.5%) 
	33 (4.5%) 

	TR
	Lefamulin 600 mg PO q12h 
	364 
	1066 
	348 (95.6%) 
	1023 (96.0%) 
	16 (4.4%) 
	43 (4.0%) 

	TR
	Moxifloxacin 400 mg PO q24h 
	367 
	1084 
	341 (92.9%) 
	1029 (94.9%) 
	26 (7.1%) 
	55 (5.1%) 



	4.4.4 HR 
	4.4.4 HR 
	who had HR >100 bpm with an increase in ΔHR >25% and HR <50 bpm with a decrease in ΔHR >25% for studies 3101 and 3102. 
	The outlier analysis results for HR are presented in Table 10. The sponsor listed the number of subjects 

	Table 10: Categorical Analysis for HR 
	Table
	TR
	Total N 
	HR<=100 bpm 
	HR>100 bpm 
	HR>45 bpm 
	HR<=45 bpm

	 Study 
	 Study 
	Treatment Group 
	Subj. # 
	Subj. # 
	Subj. # 
	Subj. # 
	Subj. #

	 2001 
	 2001 
	Baseline 
	207 
	198 (95.7%) 
	9 (4.3%) 
	205 (99.0%) 
	2 (1.0%) 

	TR
	BC-3781 100 mg IV q12h 
	70 
	61 (87.1%) 
	9 (12.9%) 
	69 (98.6%) 
	1 (1.4%) 

	TR
	BC-3781 150 mg IV q12h 
	71 
	59 (83.1%) 
	12 (16.9%) 
	71 (100%) 
	0 (0.0%) 

	TR
	Vancomycin 1 g IV q12h 
	66 
	60 (90.9%) 
	6 (9.1%) 
	65 (98.5%) 
	1 (1.5%) 


	Table
	TR
	Total N 
	HR<=100 bpm 
	HR>100 bpm 
	HR>45 bpm 
	HR<=45 bpm

	 Study 
	 Study 
	Treatment Group 
	Subj. # 
	Subj. # 
	Subj. # 
	Subj. # 
	Subj. #

	 3101 
	 3101 
	Baseline 
	546 
	463 (84.8%) 
	83 (15.2%) 
	545 (99.8%) 
	1 (0.2%) 

	TR
	Lefamulin 150 mg IV q12h 
	273 
	225 (82.4%) 
	48 (17.6%) 
	272 (99.6%) 
	1 (0.4%) 

	TR
	Moxifloxacin 400 mg IV q24h 
	272 
	240 (88.2%) 
	32 (11.8%) 
	272 (100%) 
	0 (0.0%)

	 3102 
	 3102 
	Baseline 
	733 
	645 (88.0%) 
	88 (12.0%) 
	733 (100%) 
	0 (0.0%) 

	TR
	Lefamulin 600 mg PO q12h 
	364 
	321 (88.2%) 
	43 (11.8%) 
	361 (99.2%) 
	3 (0.8%) 

	TR
	Moxifloxacin 400 mg PO q24h 
	367 
	317 (86.4%) 
	50 (13.6%) 
	367 (100%) 
	0 (0.0%) 


	4.5 EXPOSURE-RESPONSE ANALYSIS 
	4.5 EXPOSURE-RESPONSE ANALYSIS 
	4.5.1 QTc 
	The objective of the clinical pharmacology analysis is to assess the relationship between ΔQTcF and concentration of lefamulin (BC-3781). 
	Prior to evaluating the relationship using a linear model, the three key assumptions of the model were evaluated using exploratory analysis: 1) absence of significant changes in heart rate (more than a 10 bpm increase or decrease in mean HR); 2) delay between plasma concentration and ΔQTcF; and 3) presence of non-linear relationship. 
	An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF is shown in proportional increase in lefamulin concentrations. The time at maximum effect on ΔΔQTcF appears to correlate better with Tmax of lefamulin. 
	Figure 5, which shows an absence of significant changes in HR. There is an approximately dose-

	Figure 5: Time Course of Lefamulin Concentration (top), Heart Rate (middle), and. QTcF (bottom) following Single Dose (left side panel) and Multiple Doses (right side panel) .
	Figure
	Following confirming the absence of significant heart rate changes or delayed QTc changes, the relationship between drug concentration and ΔQTcF was evaluated to determine if a linear model would be appropriate. shows indicates saturable non-linear relationship between lefamulin concentration and ΔQTcF. 
	Figure 6 

	Figure 6: Assessment of Linearity of Concentration-QTc Relationship 
	Figure
	on the fit, the Emax model was applied to the data. Predictions from the concentration-QTc model are 
	The goodness-of-fit plot is shown in Figure 7 for both linear (A) and non-linear (Emax) model (B). Based 
	provide in Table 1. 

	Figure 7: Goodness-of-fit Plot for QTc 
	The sponsor conducted 2 phase-3 studies. Study was a phase-3, randomized, double-blind, double-dummy, active controlled, parallel group study comparing the safety and efficacy of lefamulin versus moxifloxacin (with or without adjunctive linezolid) in adults with community-acquired bacterial pneumonia. Subjects were randomized 1:1 to lefamulin or the comparator, moxifloxacin (400 mg iv or oral), using interactive response technology. Lefamulin (150 mg) was administered as intravenous infusion twice daily (Da
	The sponsor conducted 2 phase-3 studies. Study was a phase-3, randomized, double-blind, double-dummy, active controlled, parallel group study comparing the safety and efficacy of lefamulin versus moxifloxacin (with or without adjunctive linezolid) in adults with community-acquired bacterial pneumonia. Subjects were randomized 1:1 to lefamulin or the comparator, moxifloxacin (400 mg iv or oral), using interactive response technology. Lefamulin (150 mg) was administered as intravenous infusion twice daily (Da
	3101 

	time point was 13.6 ms (90% two-sided upper confidence interval: 15.5 ms; n=264) for the lefamulin group. These observations were consistent with the model predicted values for the corresponding peak concentrations (3030 ng/mL) of lefamulin. 

	Study was a phase-3, randomized, double-blind, double-dummy, active controlled, parallel group study comparing the safety and efficacy of lefamulin (5 days) versus moxifloxacin (7 days) in adults with community-acquired bacterial pneumonia. Subjects were randomized 1:1 to lefamulin or the comparator, moxifloxacin (400 mg iv or oral), using interactive response technology. Lefamulin (600 mg tablet) was administered twice daily for 5 days and moxifloxacin (400 mg) was administered once daily for 7 days. ECGs 
	3102 

	Further, sensitivity analysis using QT measures from the automatic ECG algorithm in the ECG warehouse showed similar results, which support the nonlinear relationship with QTcF prolongation plateauing and , where intravenous infusion and oral administration twice daily resulted in mean QTcF increase of 14 and 10 ms at a Cmax of 3030 and 2240 ng/mL, respectively (
	around 10-15 ms (Figure 8). This is also consistent with the Phase 3 studies (Study # 
	3101 
	3102)
	Table 12). 

	Figure 8: Observed ΔΔQTc from the Sponsor versus ECG Warehouse Algorithm 

	4.5.2 Other ECG intervals 
	4.5.2 Other ECG intervals 
	The reviewer conducted a fully automatic analysis of the ECG waveforms submitted by the sponsor to the ECG warehouse and assessed the exposure-response relationship for QTcF, J-Tpeakc and Tpeak-Tend (changes, which is consistent with other predominant hERG blockers. Ion channel data for hERG was submitted, but no other ion channel current data were available at the time of this review. Whether multi-ion channel block at higher concentrations 
	The reviewer conducted a fully automatic analysis of the ECG waveforms submitted by the sponsor to the ECG warehouse and assessed the exposure-response relationship for QTcF, J-Tpeakc and Tpeak-Tend (changes, which is consistent with other predominant hERG blockers. Ion channel data for hERG was submitted, but no other ion channel current data were available at the time of this review. Whether multi-ion channel block at higher concentrations 
	Figure 9). Results show J-Tpeakc following the QTcF 

	may contributed to the plateauing of the QTc prolongation is unknown. Overall, the mechanism that results in QTcF plateauing around 10-15 ms with lefamulin remains unknown. 

	Figure 9: Observed ΔΔQTcF, ΔΔJ-Tpeakc, and ΔΔTpeak-Tend versus Lefamulin 

	4.5.3 Assay sensitivity 
	4.5.3 Assay sensitivity 
	Please see section 4.3.1.1 and 4.2.2 for additional details. 
	Please see section 4.3.1.1 and 4.2.2 for additional details. 

	4.6 SAFETY ASSESSMENTS 
	4.6 SAFETY ASSESSMENTS 


	4.6.1 QTc Assessment in Phase 3 
	4.6.1 QTc Assessment in Phase 3 
	Because lefamulin was found to prolong the QTc interval in phase 1 studies, replicate 12-lead ECGs were collected in two phase 3 studies (3101 and 3102) at baseline, at Tmax on Days 1 and 3 and prior to dosing analysis by time is shown in 
	on Day 3. The results of the categorical outlier analysis are shown in Table 11 and central tendency 
	Table 12. 

	Table 11: Categorical Analyses of Studies 3101 and 3102 
	Figure
	Source: Table 6-1 in Clinical Cardiac Safety Report by eRT. 
	Table 12: Central Tendency by Time Analysis 
	Figure
	Figure
	Source: Tables 6-2a and 6-2b in Clinical Cardiac Safety Report by eRT. 
	4.6.2 Analysis in Phase 3 AEs 
	An analysis using the MedDRA SMQ of Torsade de pointes/QT prolongation (broad) showed that 5 .subjects (0.8%) in the lefamulin group and 6 subjects (0.9%) in the moxifloxacin group had TEAEs within .this SMQ. .
	Table 13: QT Prolongation Adverse Events 
	Figure
	Source: Table 23 in Summary of Clinical Safety 
	In the lefamulin group, 1 subject had a fatal event of ventricular arrhythmia. In Study 3101, Subject in the lefamulin group was a 72-year-old male with BMI 17.9 kg/m2 who enrolled with PORT Risk Class IV CABP. Medical history included heavy smoking, pulmonary tuberculosis and COPD, as well as 
	known coronary artery disease. The baseline ECGs showed abnormalities including incomplete right bundle branch block and ST/T wave changes; the triplicate mean QTcF value was 441 msec. Upon learning details of the subject’s history and baseline presentation, the Sponsor concluded that the subject was not an appropriate study candidate and study drug was discontinued after dosing on Day 2. The subject was started on non-study antibacterial therapy for CABP, but despite the treatment new lung infiltrates deve
	In the moxifloxacin group, 1 subject had a fatal cardiac arrest. Subject 
	in the moxifloxacin group was a 77-year-old male with BMI 26.5 kg/m2 who enrolled with PORT Risk Class IV CABP. Medical history included coronary artery arteriosclerosis, atrial fibrillation, congestive heart failure, myocardial infarction, hypertension, COPD, and anemia. The baseline ECGs showed normal readings; the triplicate mean QTcF value was 404 msec. The subject received IV study drug doses per protocol for a total of 9 days. Electrocardiograms during treatment showed normal ECG readings, with no QTc
	Figure

	4.7 OTHER ECG INTERVALS 
	4.7 OTHER ECG INTERVALS 
	No clinically significant changes in PR or QRS were observed. 
	5 
	5 
	APPENDIX 

	5.1 EVALUATION OF QT ASSESSMENT PLAN 
	1. Product Information 
	1. Product Information 
	1. Product Information 

	Generic Name 
	Generic Name 
	Lefamulin (as acetate salt) 
	Brand Name 
	Xenleta 

	Drug class 
	Drug class 
	Antibacterial agent (pleuromutilin class) 

	Combination product 
	Combination product 
	No 

	Indication 
	Indication 
	Community-acquired bacterial pneumonia (caused by susceptible microorganisms) 

	Therapeutic Dose 
	Therapeutic Dose 
	150 mg b.i.d. (by intravenous infusion over 60 minutes) for 5-7 days; 600 mg orally b.i.d. for 5 days 

	Maximum Tolerated Dose 
	Maximum Tolerated Dose 
	400 mg (as intravenous infusion over 30 min; highest studied dose) 

	Dosage Form 
	Dosage Form 
	Tablets and Intravenous Injection 
	Route of Administration 
	Oral and Intravenous infusion 

	2. Safety Pharmacology
	2. Safety Pharmacology

	2.1 In vitro 
	2.1 In vitro 

	In hERG assay, the IC50 values 27 μM (14 μg/mL) and 702 μM (368 μg/mL) were observed for lefamulin and its metabolite BC-8041, respectively. Lefamulin exhibits a low protein binding with a saturable non-linear binding (~73 to 88%). The steady-state Cmax (2.9 µg/mL; free 0.78 µg/mL) of lefamulin is expected to offer only 18-fold margin. 
	In hERG assay, the IC50 values 27 μM (14 μg/mL) and 702 μM (368 μg/mL) were observed for lefamulin and its metabolite BC-8041, respectively. Lefamulin exhibits a low protein binding with a saturable non-linear binding (~73 to 88%). The steady-state Cmax (2.9 µg/mL; free 0.78 µg/mL) of lefamulin is expected to offer only 18-fold margin. 

	2.2 In vivo 
	2.2 In vivo 

	A safety pharmacology study in conscious telemetered cynomolgus monkeys revealed dose-dependent potential for QT/QTc interval prolongation after a 30-minute infusion of lefamulin. Dosing at the NOAEL of 15 mg/kg (maximum plasma drug concentration of 3.79 μg/mL, maximum plasma drug concentration corrected for plasma protein binding of 1.44 μg/mL, based on unbound concentration) and 40 mg/kg (Cmax of 8.86 μg/mL, free Cmax of 3.37 μg/mL) caused a QTcF prolongation of 21 ms and 37 ms above baseline, respectivel
	A safety pharmacology study in conscious telemetered cynomolgus monkeys revealed dose-dependent potential for QT/QTc interval prolongation after a 30-minute infusion of lefamulin. Dosing at the NOAEL of 15 mg/kg (maximum plasma drug concentration of 3.79 μg/mL, maximum plasma drug concentration corrected for plasma protein binding of 1.44 μg/mL, based on unbound concentration) and 40 mg/kg (Cmax of 8.86 μg/mL, free Cmax of 3.37 μg/mL) caused a QTcF prolongation of 21 ms and 37 ms above baseline, respectivel
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	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	3. Clinical cardiac safety See Section 4.6 4. QT Studies 4.1 Primary Studies ECG Quality Arms Sample size ECG & PK assessmentsProtocol number / Population Assessment Ok? Arms High dose covers? No subjects Ok? Timing Ok? Protocol number: 1001 Population: Healthy volunteers Central read? Yes Blinded? Yes Method? Unknown Replicates?  Yes Yes Highest dose: 400 mg over 1 hour Placebo: Yes Positive control: No Above therapeutic 8 subjects per cohort (16 total). Yes Baseline: Pre-dose baseline Timing: Predose, 0.5
	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	Table
	TR
	Cohort 3: Days 3, 6: Predose, 2 and 3 h 

	Protocol number: 1003 Population: Healthy volunteers 
	Protocol number: 1003 Population: Healthy volunteers 
	Central read? Yes Blinded? Yes Method? Unknown Replicates?  Yes 
	Yes 
	Highest dose: 150 mg over 1 hour Placebo: Yes Positive control: No 
	Therapeutic 
	39 
	Choose an item. 
	Baseline: Pre-dose baseline Timing: Predose, 1, 1.25, 1.5, 2, 3, 4, 6, 12, 24 
	Yes 

	Protocol 
	Protocol 
	Central read? Yes 
	Yes 
	Highest dose: 
	Above 
	Part A: 6 
	Yes 
	Baseline: Pre-dose 
	Yes 

	number: 
	number: 
	400 mg over 1 
	therapeutic 
	subjects (6 
	baseline 

	1007 
	1007 
	Blinded? Yes 
	hour 
	placebo) 

	Population: Healthy volunteers 
	Population: Healthy volunteers 
	Method? Unknown Replicates?  Yes 
	Placebo: Yes Positive 
	Part B: 24 subjects (12 per cohort: 8/4). 
	Timing: Part A: Predose, 0.5, 1, 1.25, 1.5, 2, 3, 4, 6, 9, 12, 15, 24, 36, 48 h 

	TR
	control: No 
	Part B: Predose, 0.5, 1, 1.25, 1.5, 2, 3, 4, 6, 9, 12 (day 1), 15, 24, 36, 48 h (day 6) Predose, 1, 1.5 (days 2-5) 

	Protocol number: 1009 
	Protocol number: 1009 
	Central read? Yes Blinded? Yes 
	Yes 
	Highest dose: 150 mg over 1 h bid for 7 
	Therapeutic 
	25 BC-3781 in saline; 25 BC-3781 in 
	Choose an item. 
	Baseline: Pre-dose baseline 
	Yes 


	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	Population: Healthy volunteers 
	Population: Healthy volunteers 
	Population: Healthy volunteers 
	Method? Unknown Replicates?  Yes 
	days, qd on day 8 Placebo: Yes Positive control: No 
	citrate; 10 placebo 
	Timing: Predose, 1, 1.33, 2, 4 h (days 1 & 8) 

	TR
	4.2 Secondary Studies 

	TR
	Protocol number 
	Reason for excluding 

	Protocol number: 1101 
	Protocol number: 1101 
	Limited number of subjects (8) and highest dose is 400 mg PO (therapeutic PO dose is 600 mg.) 

	Protocol number: 1102 
	Protocol number: 1102 
	Limited number of subjects at therapeutic dose (8 subjects, cohort 3). 

	Protocol number: 1104 
	Protocol number: 1104 
	Highest dose (750 mg single dose) is sub-therapeutic. 

	Protocol number: 1105 
	Protocol number: 1105 
	Limited subjects (7) at therapeutic dose 

	Protocol number: 1106 
	Protocol number: 1106 
	Highest dose is 600 mg single dose, sub-therapeutic and no placebo. 

	Protocol number: 1107 
	Protocol number: 1107 
	Highest dose is 600 mg single dose, sub-therapeutic and no placebo 

	TR
	4.3 Data pooling 

	Data pooling? 
	Data pooling? 
	Yes 

	Did sponsor propose an assessment for heterogeneity? 
	Did sponsor propose an assessment for heterogeneity? 
	No 

	Is the data pooling appropriate? 
	Is the data pooling appropriate? 
	Unknown 


	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	5. Analysis plan
	5. Analysis plan
	5. Analysis plan

	5.1 Study Objective related to QT 
	5.1 Study Objective related to QT 

	What QTc effect size is the analysis trying to exclude? 
	What QTc effect size is the analysis trying to exclude? 
	10 ms (E14) 

	The sponsor submitted pooled concentrations-QT analysis to characterize the relationship between plasma concentration of lefamulin and changes in the QTcF using the data from 5 studies with intravenous administration (Studies 1001, 1002, 1003, 1007, and 1009) and 6 studies with oral administration (Studies 1001, 1002, 1004, 1005, 1006, and 1007), separately. The sponsors states that ECGs were analyzed by the same ECG core lab using the same methodology, processes, and programs. Considering that the relative
	The sponsor submitted pooled concentrations-QT analysis to characterize the relationship between plasma concentration of lefamulin and changes in the QTcF using the data from 5 studies with intravenous administration (Studies 1001, 1002, 1003, 1007, and 1009) and 6 studies with oral administration (Studies 1001, 1002, 1004, 1005, 1006, and 1007), separately. The sponsors states that ECGs were analyzed by the same ECG core lab using the same methodology, processes, and programs. Considering that the relative
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	Reference ID: 4480095 
	Reference ID: 4414642

	5.2 Dose Justification 
	5.2 Dose Justification 
	5.2 Dose Justification 

	The peak concentrations of lefamulin ~2900 ng/mL (CV: 31%) are observed at the steady-state with multiple intravenous administration at 150 mg (twice daily) dose. Similarly, the peak concentrations of lefamulin ~2100 ng/mL (CV: 38%) are observed at the steady-state with multiple oral administration at 600 mg (twice daily) dose. Considering drug interaction with strong CYP3A4 inhibitor as a worst-case scenario, the clinically relevant exposures at the highest therapeutic dose are expected to be ~3400 ng/mL w
	The peak concentrations of lefamulin ~2900 ng/mL (CV: 31%) are observed at the steady-state with multiple intravenous administration at 150 mg (twice daily) dose. Similarly, the peak concentrations of lefamulin ~2100 ng/mL (CV: 38%) are observed at the steady-state with multiple oral administration at 600 mg (twice daily) dose. Considering drug interaction with strong CYP3A4 inhibitor as a worst-case scenario, the clinically relevant exposures at the highest therapeutic dose are expected to be ~3400 ng/mL w

	5.3 QT correction method 
	5.3 QT correction method 

	Is an HR increase or decrease greater than 10 bpm? 
	Is an HR increase or decrease greater than 10 bpm? 
	No 

	Primary method for QT correction 
	Primary method for QT correction 
	QTcF 

	5.4 Assay Sensitivity 
	5.4 Assay Sensitivity 

	Assay sensitivity methods proposed by sponsor 
	Assay sensitivity methods proposed by sponsor 
	☐ Moxifloxacin ☐ Exposure-margin ☒ QT bias assessment ☐ Not applicable (objective is large mean effects) ☐ Other 

	5.5 Central Tendency Analysis 
	5.5 Central Tendency Analysis 

	5.5.1 Investigational drug 
	5.5.1 Investigational drug 

	Primary analysis 
	Primary analysis 
	No 


	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	Did the sponsor use IUT or descriptive statistics? 
	Did the sponsor use IUT or descriptive statistics? 
	Did the sponsor use IUT or descriptive statistics? 
	Descriptive statistics 

	For IUT: Does the sponsor use MMRM to analyze longitudinal values that considers the correlation across time-points or use ANCOVA by time-point without considering correlation? 
	For IUT: Does the sponsor use MMRM to analyze longitudinal values that considers the correlation across time-points or use ANCOVA by time-point without considering correlation? 
	N/A 

	For IUT: Is the MMRM model specified correctly with regards to covariance structure, covariates, etc? 
	For IUT: Is the MMRM model specified correctly with regards to covariance structure, covariates, etc? 
	N/A 

	TR
	5.5.2 Positive control 

	Primary analysis 
	Primary analysis 
	N/A 

	Did the sponsor adjust for multiplicity? 
	Did the sponsor adjust for multiplicity? 
	Unknown 

	TR
	5.6 Concentration-QTc analysis 

	TR
	5.6.1 Investigational drug 

	Primary analysis 
	Primary analysis 
	Yes 


	Reference ID: 4480095 
	Reference ID: 4480095 
	Reference ID: 4414642

	What is the dependent variable in the sponsor’s model? 
	What is the dependent variable in the sponsor’s model? 
	What is the dependent variable in the sponsor’s model? 
	Single delta 

	White paper model? 
	White paper model? 
	No 

	Which concentration covariate(s) are included in the model? 
	Which concentration covariate(s) are included in the model? 
	Parent 

	Did the sponsor propose an assessment of delayed effects? 
	Did the sponsor propose an assessment of delayed effects? 
	No 

	Did the sponsor propose an assessment of linearity? 
	Did the sponsor propose an assessment of linearity? 
	No 

	Did the sponsor propose model selection criteria? 
	Did the sponsor propose model selection criteria? 
	No 

	What methods did the sponsor use for predicting the QT effect? 
	What methods did the sponsor use for predicting the QT effect? 
	☒ Model-based confidence intervals ☐ Bootstrap-derived confidence intervals 

	TR
	4.6.2 Positive control 

	Primary analysis 
	Primary analysis 
	No 

	Same model as investigational drug 
	Same model as investigational drug 
	N/A 

	TR
	5.7 Categorical analysis 

	QTc? 
	QTc? 
	Yes 
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	Reference ID: 4480095 
	Reference ID: 4414642

	ΔQTc? 
	ΔQTc? 
	ΔQTc? 
	Yes 

	PR? 
	PR? 
	Yes 

	QRS? 
	QRS? 
	Yes 

	HR? 
	HR? 
	Yes 

	T-wave morphology? 
	T-wave morphology? 
	Yes 
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	1 PURPOSE OF MEMORANDUM 
	1 PURPOSE OF MEMORANDUM 
	The Division of Anti-Infective Products (DAIP) requested that we review the revised citrate buffered saline bag container labels (two versions: one version includes only the established name (lefamulin) and the other version includes “TRADENAME” as a placeholder for an approved proprietary name) for lefamulin (Appendix A) to determine if they are acceptable from a medication error perspective.  The revisions are in response to recommendations that we made during a previous label and labeling review.
	a 


	2 BACKGROUND 
	2 BACKGROUND 
	In their April 1, 2018 submission, along with their revised container labels, Nabriva provided their response to our March 20, 2019 labeling recommendations.  Nabriva notes in their response that they have incorporated all of our recommendations into their revised versions, except the use of color on the label.  The manufacturer of the diluent does not have the 
	b

	 Myers, D. Label and Labeling Review IR Response Memo for lefamulin (NDA 211673). Silver Spring (MD): FDA, .CDER, OSE, DMEPA (US); 2019 MAR 19. RCM No.: 2018-2738..  Nabriva Therapeutics US, Inc. Response to Labeling Comments: Citrate Buffered Saline Bag for Lefamulin (NDA .211673). King of Prussia, PA. Nabriva; 2019 APR 01. Available from: .
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	1. 
	capability of printing the bag labels with more than one color.  Also, the long-term stability studies performed on the diluent bags to support the NDA utilize black printing only. Additionally, Nabriva proposes to use their revised citrate buffered saline bag container label version with the “established generic name” just for the initial commercial supply in the event that no tradename is approved by mid-May 2019.  

	3 CONCLUSION 
	3 CONCLUSION 
	The revised citrate buffered saline bags (two versions: one version includes only the established name (lefamulin) and the other version includes “TRADENAME” as a placeholder for an approved proprietary name) for lefamulin are acceptable from a medication error perspective.  We have no further recommendations at this time.  Additionally, in the event that no proprietary name is found acceptable by mid-May 2019, we concur with Nabriva’s strategy to use their revised citrate buffered saline bag container labe
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	1 PURPOSE OF MEMORANDUM 
	1 PURPOSE OF MEMORANDUM 
	Division of Anti-Infective Products (DAIP) requested that we review Nabriva’s Information Request: Citrate Bag Labeling Review for lefamulin (see Appendix A for proposed container labels received on December 19, 2018 and March 11, 2019) to determine if it is acceptable from a medication error perspective.  
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	2 RESPONSE TO THE APPLICANT’S MARCH 11, 2019 INFORMATION REQUEST 
	2 RESPONSE TO THE APPLICANT’S MARCH 11, 2019 INFORMATION REQUEST 
	We acknowledge that you previously submitted the proposed proprietary name, 
	, under 
	Figure

	IND 106594, that was found unacceptable by the Agency, on December 19, 2018.  Additionally, we acknowledge that your proposed proprietary name, Xenleta, submitted on January 25, 2019, is currently under review by the Agency. 
	It is our understanding that you are seeking our advanced review, ahead of the May 27, 2019 timeline, of your proposed revised container label, that was submitted on March 11, 2019, for your proposed citrate buffered saline bag (please note that our comments and 
	 Nabriva Therapeutics US, Inc. Information Request: Citrate Bag Labeling Review for Lefamulin (NDA 211673). King of Prussia, PA. Nabriva; 2019 MAR 11. Available from: 
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	recommendations regarding the carton labeling for the diluent will be provided at a later date).  .Further, this revised proposed container label “artwork” removed the brand name,. , .from the proposed container label that was submitted in your original NDA Application on .December 19, 2018.  Based on your March 11, 2019 container label submission, we have the .following recommendations: .
	Figure
	1.. 
	1.. 
	1.. 
	1.. 
	If your intent is to only set up the plates and print after approval, we recommend that you add a “placeholder”, such as “TRADENAME” in the intended font size and location and submit for our review.  Once a proprietary name is found conditionally acceptable, you can then replace the placeholder, “TRADENAME” with the conditionally acceptable proprietary name and submit the revised labeling for our review.  If you choose to add the placeholder, “TRADENAME”, we also recommend adding it in the second paragraph 
	Figure


	 (lefamulin injection, use aseptic technique, mix…” 
	Figure


	2.. 
	2.. 
	If your intent is to manufacture diluent bags prior to or soon after approval that will only include the established name, lefamulin, we are concerned, from a long-term perspective, that other lefamulin products could be introduced to the market in the future.  In this scenario, your container label, as well as those for new products, would not include a proprietary name and would lack differentiation.  For example, users could use the wrong citrate buffered saline bag when mixing lefamulin drug product, th

	3.. 
	3.. 
	As currently presented it is not clear, and hardly visible, that the contents of your citrate buffered saline bag is intended for dilution only.  Medication errors involving diluents being incorrectly administered to patients, without the active drug product, have been reported.  Therefore, to improve clarity and help avoid medication errors involving 


	administration of the diluent only, with no active drug product, we recommend adding the word “Diluent” preceding the text “ ”  Ensure that the word “Diluent” is the most prominent word on the label.  We also recommend replacing the text “ ” with the text “FOR  (LEFAMULIN INJECTION.”  Additionally, we recommend using capitalization of the letters, 
	bolding the font, changing the color of the font for the word “DILUENT”, surrounding this information with a box, and/or highlighting the information to draw attention to this important information (see example below).  To further improve prominence and address the risk of potential medication errors involving the infusion of diluent only, we recommend relocating the “diluent” statement above “10 mM Citrate Buffered.” 
	2. 
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	4.. 
	4.. 
	4.. 
	As currently presented the text “INFUSE OVER 60 MINUTES” is present on the label.  We are concerned that as currently presented this statement may encourage the diluent (citrate buffered saline) being incorrectly administered to patients without the active drug product.  To provide further clarity and help avoid medication errors involving administration of the diluent with no active ingredient, we recommend that the text “ONLY AFTER ADDING TRADEMARK” precede the text “INFUSE OVER 60 MINUTES”.  For example,

	5.. 
	5.. 
	As currently presented the storage statement begins with as a negative statement with the text “Do not store for more than 24 hours…”  Negative statements such as “Do not store for more than 24 hours...” may have an opposite of the intended meaning as the word “not” can be overlooked and inadvertently encourage storage duration longer than 24 hours.  Thus, we recommend, for example, “Store less than 24 hours at room temperature…”  Additionally, as currently presented the text, “…at room temperature (25°C/77
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