FDA Briefing Document
Plazomicin sulfate Injection
Meeting of the Antimicrobial Drugs
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The committee will discuss new drug application (NDA) 210303 for plazomicin,
sponsored by Achaogen, Inc., for the proposed indicaitons for the treatment of
complicated urinary tract infection and blood stream infections in adults.
The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA
background package often contains assessments and/or conclusions and
recommendations written by individual FDA reviewers. Such conclusions and
recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division
or Office. We have brought plazomicin sulfate to this Advisory Committee to gain
the Committee’s insights and opinions, and the background package may not include
all issues relevant to the final regulatory recommendation and instead is intended to
focus on issues identified by the Agency for discussion by the Advisory Committee.
The FDA will not issue a final determination on the issues at hand until input from the
advisory committee process has been considered and all reviews have been finalized.
The final determination may be affected by issues not discussed at the advisory
committee meeting.

1

Table of Contents
1

Introduction ................................................................................................................................................... 3

2

Background ................................................................................................................................................... 3

3

Product Information...................................................................................................................................... 4

4

Regulatory History........................................................................................................................................ 4

5

Clinical Pharmacology ................................................................................................................................. 5

6

Microbiology................................................................................................................................................. 6

7

Overview of Clinical Development Program.............................................................................................. 7

8

Clinical Studies for cUTI ............................................................................................................................. 7

9

10

11

12

8.1

Study Design ........................................................................................................................................ 7

8.2

Statistical Methodologies .................................................................................................................... 9

8.3

Patient Disposition ............................................................................................................................. 11

8.4

Efficacy Results ................................................................................................................................. 13

8.5

TDM in cUTI patients ....................................................................................................................... 15

Clinical Study for BSI and HABP/VABP................................................................................................. 19
9.1

Study Design ...................................................................................................................................... 19

9.2

Statistical Methodologies .................................................................................................................. 23

9.3

Patient Disposition ............................................................................................................................. 25

9.4

The Applicant’s Primary and Secondary Efficacy Results ............................................................. 30

9.5

Results in Cohort 2 ............................................................................................................................ 35

9.6

Statistical Issues in the Efficacy Analysis........................................................................................ 36

9.6.1

Discussion of Confidence Levels................................................................................................. 36

9.6.2

Discussion of Multiple Comparisons........................................................................................... 37

9.6.3

Analysis of Noninferiority............................................................................................................ 38

9.7

TDM in Study 007 ............................................................................................................................. 41

9.8

Efficacy Summary – BSI................................................................................................................... 42

Overall Efficacy Summary......................................................................................................................... 43
10.1

cUTI.................................................................................................................................................... 43

10.2

BSI and HABP/VABP....................................................................................................................... 44

Evaluation of Safety ................................................................................................................................... 45
11.1

Safety Summary................................................................................................................................. 45

11.2

Methods .............................................................................................................................................. 45

11.3

Adverse Event Analysis .................................................................................................................... 48

11.4

Adverse Reactions of Special Interest and Submission Specific Safety Issues............................. 52

Points for Advisory Committee Discussion .............................................................................................. 55

2

1

Introduction

This briefing document describes the safety and efficacy data for plazomicin sulfate
(plazomicin), prepared by the FDA for panel members of the Antimicrobial Drugs
Advisory Committee. We would like the committee to discuss whether the data are
adequate to support the safety and efficacy of plazomicin sulfate for complicated urinary
tract infections, including pyelonephritis in patients with limited or no alternative
treatment options and bloodstream infections in patients with limited or no alternative
treatment options.

2 Background
Plazomicin is an aminoglycoside antibacterial drug developed by Achaogen Inc. The
Applicant is seeking approval of plazomicin for the following indications:
1. As a single agent in patients aged 18 years or older for the treatment of
complicated urinary tract infections (cUTIs), including pyelonephritis, caused by
the following susceptible microorganism(s): Escherichia coli (including cases
with concurrent bacteremia), Klebsiella pneumoniae, Proteus spp (including
Proteus mirabilis and Proteus vulgaris), and Enterobacter cloacae.
As only limited clinical safety and efficacy data for plazomicin are currently
available, plazomicin should be reserved for use in patients who have limited or
no alternative treatment options.
2. For patients aged 18 years or older for the treatment of bloodstream infections
(BSIs) caused by the following susceptible microorganism(s): Klebsiella
pneumoniae and Escherichia coli.
As only limited clinical safety and efficacy data for plazomicin are currently
available, plazomicin should be reserved for use in patients who have limited or
no alternative treatment options.
The Applicant requested review of the BSI indication under section 506(h) of the Federal
Food, Drug and Cosmetic Act (FD&C Act). Section 506(h) of the FD&C Act establishes
a limited population pathway for antibacterial and antifungal drugs (LPAD pathway). The
LPAD pathway provides that FDA may approve an antibacterial or antifungal drug that is
intended to treat serious or life-threatening infections in a limited population of patients
with unmet needs. The LPAD pathway does not alter the standards of evidence under the
FD&C Act (see section 506(h)(8)). Labeling for LPAD products will include the term
“Limited Population” in a prominent manner and the statement “this drug is indicated for
use in a limited and specific population of patients.”
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3 Product Information
Plazomicin is a semisynthetic compound derived from sisomicin. Plazomicin has
activity in the presence of most aminoglycoside modifying enzymes (AMEs) that
inactivate currently available aminoglycosides. As with other aminoglycosides,
plazomicin is thought to exert concentration-dependent bactericidal effect through
inhibition of protein synthesis.
Plazomicin is active in vitro against gram-negative bacteria, such as E. coli, K.
pneumoniae, Enterobacter spp, and other Enterobacteriaceae. Plazomicin has reduced
activity against most isolates of Pseudomonas aeruginosa and Acinetobacter
baumannii. Plazomicin is active against Staphylococcus aureus, including methicillinresistant S. aureus and has limited or no activity against Streptococcus and
Enterococcus species.
Plazomicin was granted Qualified Infectious Disease Product designation for the
indications of hospital-acquired bacterial pneumonia (HABP), ventilator-associated
bacterial pneumonia (VABP), complicated intra-abdominal infections (cIAIs), cUTI,
and catheter-related BSI, Fast Track designation for the treatment of serious and lifethreatening infections due to carbapenem resistant Enterobacteriaceae (CRE) and
Breakthrough Therapy designation for the treatment of BSIs caused by certain
Enterobacteriaceae in patients who have limited or no alternative treatment options.

4 Regulatory History
This section describes significant regulatory interactions between the Applicant and the
Agency. The majority relates to the design and analysis of Study ACHN-490-007 (Study
007), in support of the BSI indication.
June 4, 2012: A meeting was held between the Applicant and the Agency to discuss a
clinical development plan to study plazomic in for the treatment of CRE infections.
December 17, 2012: A meeting was held between the Applicant and the Agency in which
general agreement was reached on a phase 3 study design to support approval of
plazomicin for patients with BSI or HABP/VABP due to CRE.
November 4, 2014: A meeting was held between the Applicant and the Agency. The
Applicant proposed to conduct an uncontrolled study in parallel with Study 007, in
patients who were ineligible for this trial due to resistance to colistin or infection at an
excluded body site. The Agency provided input on an alternative development pathway
based on a single phase 3 cUTI trial in conjunction with data from the completed phase 2
cUTI trial, Study ACHN-490-002 (Study 002).
February 26, 2015: A meeting was held between the Applicant and the Agency. The
Applicant discussed use of a new primary endpoint for Study 007, based on a composite
of all-cause mortality or significant disease-related complications.
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April 28, 2015: Protocol Amendment 1 for Study 007 was submitted to the Agency,
which changed the primary efficacy endpoint from all-cause mortality to the composite of
all-cause mortality or significant disease-related complications. The Agency agreed to the
amendment. The amendment did not change the planned sample size or planned
superiority test at the one-sided α = 0.05 statistical significance level for the primary
efficacy analysis.
July 15, 2015: Protocol Amendment 2 for Study 007 was submitted to the Agency adding
the nonrandomized, descriptively analyzed Cohort 2 of plazomicin-treated patients. The
Agency agreed to this amendment.
March 4, 2016: A meeting was held between the Applicant and the Agency. The
Applicant discussed enrollment challenges in Study 007 and noted that the originally
planned enrollment for an adequately powered test of the primary endpoint in a clinically
meaningful or operationally feasible timeframe may not be possible. The Applicant
discussed the possibility of changing the primary analysis to a noninferiority analysis.
April 28, 2016: The Applicant proposed that due to enrollment challenges in Study 007,
they would terminate enrollment, and proposed a prospective stopping rule such that the
end of enrollment would coincide with the completion of the phase 3 cUTI trial, Study
ACHN-490-009 (Study 009).
July 18, 2016: The Applicant revised the prospective stopping rule for Study 007, such
that new enrollment would be terminated on August 1, 2016 regardless of enrollment in
Study 009.
September 30, 2016: The Applicant submitted a statistical analysis plan for Study 007.
Due to the premature study termination, the hypothesis testing for superiority was
removed from the primary efficacy analysis. The Applicant communicated that “While
the protocol-specified primary and secondary efficacy endpoints will be analyzed and
traditional statistical inference measures such as p-values and/or confidence intervals will
be included for descriptive purposes, no formal hypothesis testing is to be performed in
this limited sample size.”
April 14, 2017: At the pre-NDA meeting held between the Applicant and the Agency, the
Applicant notified the Agency that due to the small number of patients with
HABP/VABP in Study 007, they were considering using this study to support a BSI
indication rather than both BSI and HABP/VABP indications.

5 Clinical Pharmacology
Plazomicin is eliminated primarily by renal excretion (~90%) with a half-life of 3.5 hours
in healthy subjects. The plasma protein binding is approximately 20%. Based on
population PK analysis, the inter-subject variability (i.e. % CV) for clearance (CL) and
5

Volume of Distribution (Vss) are 70.2% and 50.4% in BSI patients, and 41.1% and
34.0% in cUTI patients.
The proposed starting dose of plazomicin for both cUTI and BSI is 15 mg/kg daily for
patients with creatinine clearance (CLcr) >60 mL/min, 10 mg/kg daily for patients with
CLcr >30 to 60 mL/min, and 10 mg/kg once every other day for patients with CLcr >15
to 30 mL/min. The proposed starting dose was selected based on results of the phase 2
dose ranging study in patients with cUTI (Study 002), where the efficacy of both
plazomicin 10 and 15 mg/kg once daily for 5 days were comparable to levofloxacin 750
mg for 5 days with a similar safety profile.
In Study 007, therapeutic drug monitoring (TDM) was performed to individualize
plazomicin dosing. The Applicant is proposing to incorporate TDM in labeling for the
management of patients with BSI and to avoid nephrotoxicity in patients with cUTI.
Discussion on TDM for cUTI patients and BSI patients are provided in Section 8.5 and
Section 9.7, respectively.

6 Microbiology
Plazomicin, like other aminoglycosides, exerts its bactericidal effect through binding of
the bacterial 30S ribosomal subunit and interfering with key steps in protein synthesis.
Plazomicin MIC50/90 values were 0.25 – 1 mcg/mL and 0.5 - 1 mcg/mL, respectively
(MIC range <0.12 – >128 mcg/mL) against members of the Enterobacteriaceae including
E. coli, Klebsiella spp., Enterobacter spp., Citrobacter spp. and Serratia spp. The
plazomicin MIC50/90 values were 1 – 2 mcg/mL and 4 – 8 mcg/mL against P. mirabilis
and indole positive Proteae including M. morganii, Providencia spp. and P. vulgaris.
Against S. aureus including methicillin-resistant S. aureus (MRSA) and coagulase
negative staphylococcal isolates, plazomicin MIC90 values were ≤ 2mcg/mL. Plazomicin
was less active (MIC50 values > 4 mcg/mL) against P. aeruginosa, Acinetobacter spp.
and lacks activity against Stenotrophomonas maltophilia, streptococci, enterococci and
obligate anaerobes.
Aminoglycoside modifying enzymes (AMEs) remain the primary and clinically
important mechanism of resistance to aminoglycosides. Other resistance mechanisms
include alteration of the ribosomal target through production of rRNA methyltansferases,
up-regulation of efflux pumps and reduced permeability into the bacterial cell due to the
loss of outer membrane porins. Plazomicin contains structural modifications that protects
it from some AMEs that inactivate aminoglycosides such as acetyltransferases (AAC),
nucleotidyltransferases (ANT) and phosphotransferases (APH). Bacterial isolates that
produce 16S rRNA methyltransferases resulted in plazomicin MICs ≥ 128 mcg/mL.
Enterobacteriaceae that overexpress certain efflux pumps (e.g., acrAB-tolC) or reduced
expressions of porins (e.g., ompF or ompK36) have moderate plazomicin MIC elevations.
Plazomicin activity is unaffected by the presence of beta-lactamases, and is therefore
active in vitro against Enterobacteriaceae producing extended-spectrum beta-lactamases
6

(ESBLs including TEM, SHV, CTX-M), chromosomal and plasmid AmpC
cephalosporinases, serine carbapenemases (including K. pneumoniae carbapenemase
[KPC]), OXA and some metallo-beta-lactamases. Plazomicin MICs against KPC
producers that possessed AMEs (e.g., aac(6’)-1b, aph(3’)-Ia, aac(3)-IV and ant (2’’))
ranged from 0.25 to 1 mcg/mL. Plazomicin was inactive against isolates with NDM-1
producing K. pneumoniae isolates with MICs ranging from 64 to ≥128 mcg/mL.
The spontaneous mutation frequency for plazomicin against Enterobacteriaceae with
different AMEs and β-lactamases (E. coli and K. pneumoniae) ranged from 3.0 x 10-10 to
4.21 x 10-7 when plazomicin was tested at 4x – 8x MIC. No cross-resistance was
observed with other classes of antibacterial agents including cephalosporins and
polymyxins.
Plazomicin demonstrated activity in various animal models of infection including cUTI,
septicemia, lung and thigh infection models. Many of the isolates tested produced
clinically relevant AMEs or characterized β-lactamases and had plazomicin MIC values
ranging from 0.25 – 16 mcg/mL.

7 Overview of Clinical Development Program
Plazomicin has been evaluated in six phase 1, one phase 2, and two phase 3 clinical
studies. For cUTI, a phase 2 and a phase 3 trial were conducted. In this briefing
document, only the efficacy findings from the phase 3 trial will be discussed. For BSI and
HABP/VABP a single phase 3 trial was conducted.

8 Phase 3 Clinical Trial in cUTI
8.1 Study Design
Study 009, was a phase 3 trial in patients with cUTI, including Acute Pyelonephritis
(AP). It was initiated in January 2016 and completed in September 2016.
Patients with cUTI, including AP, who required hospitalization and intravenous
antibacterial drugs were randomized 1:1 to plazomicin or meropenem. The randomization
was stratified by infection type (cUTI or AP) and region. Patients meeting criteria for
both cUTI and AP were considered to have cUTI.
The study included a screening period (baseline assessments conducted) of up to 36 hours
before randomization, an active treatment period (IV study drug and optional switch to
open-label oral antibacterial drugs) of up to 10 days, and a follow-up period up to Day
32.
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Figure 1: Design schema and overview of study schedule

Source: Study 009 Clinical Study Report, Figure 1.

Plazomicin was administered intravenously (IV) at a dose of 15 mg/kg once daily,
followed by matching placebo infused at 8 and 16 hours after the initial infusion. The
dose of plazomicin was adjusted daily based on patient’s renal function. The dose of
meropenem was 1.0 g IV every 8 hours.
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After a minimum of 4 days of blinded IV therapy, there was an option to switch patients
to open-label oral levofloxacin for an additional 3 to 6 days to complete therapy. The
maximum duration of IV therapy was 7 days. Patients who required longer than 7 days of
IV therapy and could not be switched to oral therapy were removed from study therapy
and placed on alternative IV therapy. For patients who did not tolerate oral levofloxacin,
or had a non-susceptible baseline pathogen, alternative oral antibacterial drugs that were
pre-specified based on local epidemiology and standard of care were administered.
Inclusion criteria required patients to be diagnosed with cUTI or AP, be at least 18 years
of age, have a total body weight not larger than 150 kg, and have a screening CLcr > 30
mL/min (Cockcroft-Gault formula). All patients were required to have a pretreatment
baseline urine culture obtained within 36 hours before the first dose of study drug.

Patients were excluded based on the following criteria: received a potentially therapeutic
antibacterial agent within 48 hours prior to start of study therapy; use of any prohibited
concomitant therapy; confirmed fungal UTI; UTI or colonization with Gram-positive
pathogens; pathogen resistant to meropenem; diagnosed as non-cUTI and non-AP within
7 days prior to enrollment; receipt of any investigational medication or device within 30
days or prior exposure to plazomicin; documented immunodeficiency or an
immunocompromised condition; rapidly progressing disease or immediately lifethreatening illness; known history of otologic surgery or disease; known severe adverse
drug reaction to aminoglycosides, carbapenem, or β-lactam antibacterial drugs. Patients
were also excluded if they had baseline AST, ALT, alkaline phosphatase, or total
bilirubin level three times the upper limit of normal, platelet count less than 40,000/µL,
or hematocrit less than 20%.
Clinical response and microbiological response were assessed at Day 5, End of IV
(EOIV, within 24 hours of last dose of IV study drug), Test of Cure (TOC, Day 17 ± 2
days), and Late Follow up (LFU, Day 24 – 32). For a favorable clinical response, the
outcome had to be complete resolution, return to premorbid levels, or reduction in
severity of all core baseline symptoms with none of them getting worse and no new
symptoms developing. For a favorable microbiological response, each baseline pathogen
had to be eradicated (colony count < 104 CFU/mL).
The co-primary endpoints were composite microbiological eradication and clinical cure
rate in the microbiological modified intent-to-treat (mMITT) population at the Day 5 and
TOC visits. The term co-primary for this study meant that noninferiority had to be shown
for the primary endpoint at both Day 5 and TOC. Secondary endpoints included
composite microbiological eradication and clinical cure rate at the EOIV and LFU visits
and clinical response and microbiological response separately at the different time points.

8.2 Statistical Methodologies
The primary analysis population was the mMITT population, defined as all randomized
patients who received any dose of study drug and had at least one qualified baseline
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pathogen (from a baseline urine culture), against which meropenem and plazomicin had
antibacterial activity.
Clinical response at Day 5, EOIV, and TOC visits was defined as cure, failure, or
indeterminate. Clinical repose at LFU was defined as sustained cure, relapse, or
indeterminate. All patients had Day 5 and EOIV assessments. If the EOIV visit occurred
before or on Day 5, EOIV assessments were used for the Day 5 endpoint analyses.
Microbiologic response at Day 5, EOIV, and TOC was determined for each pathogen
isolated at baseline. The categories of the outcome were eradication, presumed
eradication (Day 5 and EOIV only), persistence, and indeterminate. Per-pathogen
microbiological response at LFU was determined in patients with a favorable
microbiological response at TOC. The outcome categories were sustained eradication,
presumed sustained eradication, recurrence, and indeterminate.
Missing values in clinical and microbiological response were defined as indeterminate.
Patients who required longer than 7 days of IV therapy and switched to alternative IV
therapy were considered clinical failures at the EOIV visit.
The composite of microbiological eradication and clinical cure was defined as noted in
the table below:
Table 1: Definition of composite microbiological eradication and clinical cure

Source: Study 009 SAP v2.0, Table 12

The statistical analysis plan proposed using continuity corrected Z-statistic to calculate a
two-sided 95% confidence interval (CI) for the observed difference for the composite
cure rate (plazomicin – meropenem). Noninferiority (NI) of plazomicin to meropenem
was to be claimed if the lower limit of the 95% CI for the difference in the composite
cure rate was greater than -15% at both Day 5 and TOC visit.
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The planned sample size for the study was 394 patients in the mMITT population. This
was expected to provide at least 85% power using an NI margin of 15% at one-sided α
level of 0.025, assuming a response rate for the co-primary endpoints in both treatment
groups being 64% at Day 5 and 73.2% at TOC. The NI margin of 15% is wider than the
10% margin recommended in the FDA guidance document on cUTI and was agreed to by
the Agency to support a limited use indication. 1

8.3 Patient Disposition
A total of 609 patients were randomized (306 in the plazomicin group and 303 in the
meropenem group). Five patients did not receive study drug and were not included in the
MITT population. The mMITT population included 388 patients (191 in the plazomicin
group and 197 in the meropenem group). In the mMITT population, only a small
proportion of patients did not complete study drug or prematurely discontinued study. A
total of 68 study sites located in North America and Europe were involved in the study.
The following table contains the subject disposition for the mMITT population.
Table 2: Patient Disposition (mMITT population)

Completed Study
Prematurely Discontinued Study
Lost to Follow-up
Withdrawal of Consent
Completed Study Treatment
Prematurely Discontinued Study Drug (IV or Oral)
Prematurely Discontinued IV Study Drug
Adverse Event
Lack of Study Qualifying Pre-treatment Baseline Urine Culture
Withdrawal of Consent
CLcr <30mL/min
Investigator Decision
Prematurely Discontinued Oral Study Drug
Adverse Event
Pathogen Resistant to Levofloxacin
Lost to Follow-up

Plazomicin
(N=191)
189 (99%)
2 (1%)
1 (0.5%)
1 (0.5%)
183 (95.8%)
8 (4.2%)

Meropenem
(N=197)
194 (98.5%)
3 (1.5%)
1 (0.5%)
2 (1%)
187 (94.9%)
10 (5.1%)

1 (0.5%)
1 (0.5%)
0
1 (0.5%)
2 (1%)

5 (2.5%)
1 (0.5%)
1 (0.5%)
0
0

2 (1%)
0
1 (0.5%)

2 (1%)
1 (0.5%)
0

Source: Statistical reviewer
1

Food Drug Administration, Center for Drugs Evaluation Research (February 2015). Guidance
for Industry: Complicated Urinary Tract Infections: Developing Drugs for Treatment.
https://www.fda.gov/downloads/Drugs/.../Guidances/ucm070981.pdf
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More patients in mMITT population were in the cUTI stratum (58.2%) compared to the
AP stratum (41.8%). The majority of patients were from Eastern European countries
(98.5%), were predominantly white (99.5%) and had a mean age of 59.4 years. Only
three patients were enrolled from the US. There was a roughly equal representation of
males (47.2%) and females (52.8%). The baseline factors were generally balanced
between the plazomicin and meropenem groups. Patient demographics and baseline
disease characteristics are shown in Table 3.

Table 3: Patient demographics and baseline disease characteristics, mMITT
population

Infection Type
cUTI
AP
Country or Region
Eastern Europe
United States
Others
Sex
Male
Female
Race
White
Black or African American
Others
Age
Mean
Min, Max
< 65
≥ 65
Body Mass Index
Mean
Min, Max
Creatinine Clearance (mL/min) by the Cockroft-Gault formula
Mean
Min, Max
Creatinine Clearance Group
> 120 mL/min
> 90 to 120 mL/min
> 60 to 90 mL/min
> 30 to 60 mL/min
≤ 30 mL/min
Missing

Plazomicin
(N=191)
n (%)

Meropenem
(N=197)
n (%)

107 (56%)
84 (44%)

119 (60.4%)
78 (39.6%)

187 (97.9%)
2 (1%)
2 (1%)

195 (99%)
1 (0.5%)
1 (0.5%)

84 (44%)
107 (56%)

99 (50.3%)
98 (49.7%)

189 (99%)
1 (0.5%)
1 (0.5%)

197 (100%)
0
0

58.8
18, 88
101 (52.9%)
90 (47.1%)

60
18, 87
95 (48.2%)
102 (51.8%)

26.7
16.5, 51.4

27.0
15.6, 43.8

77.4
30.7, 194.0

72.4
28.3, 190.4

17 (8.9%)
40 (20.9%)
70 (36.6%)
61 (31.9%)
0
3 (1.6%)

10 (5.1%)
35 (17.8%)
75 (38.1%)
71 (36%)
3 (1.5%)
3 (1.5%)

Source: Adapted from Study 009 Clinical Study Report, Table 14.1.4.3.1

12

8.4 Efficacy Results
The co-primary efficacy endpoints were assessed at Day 5 and TOC visits. The
composite cure rate of microbiological response and clinical response at Day 5 was
168/191 (88.0%) in the plazomicin group compared to 180/197 (91.4%) in the
meropenem group, with a treatment difference (plazomicin - meropenem) of -3.4 and a
95% CI of (-10.0, 3.1). At TOC, the response rates were 156/191 (81.7%) and 138/197
(70.1%) for the plazomicin group and meropenem group, respectively, with a treatment
difference of 11.6 and a 95% CI of (2.7, 20.3). Compared to the prespecified NI margin
of -15%, lower limit of the 95% CIs at both Day 5 and TOC were larger than the NI
margin.
Table 4: Composite of Microbiological Eradication and Clinical Cure Rate, and
Individual Components at Day 5 and TOC Visits, mMITT Population

Timepoint Response
Day 5

TOC

Composite
Cure
Failure
Indeterminate
Clinical
Cure
Failure
Indeterminate
Microbiological
Eradication
Persistence
Indeterminate
Composite
Cure
Failure
Indeterminate
Clinical
Cure
Failure
Indeterminate
Microbiological
Eradication
Persistence

Plazomicin
(N=191)
n (%)

Meropenem
(N=197)
n (%)

168 (88.0)
20 (10.5)
3 (1.6)

180 (91.4)
15 (7.6)
2 (1.0)

-3.4 (-10.0, 3.1)

171 (89.5)
17 (8.9)
3 (1.6)

182 (92.4)
13 (6.6)
2 (1.0)

-2.9 (-9.1, 3.3)

188 (98.4)
3 (1.6)
0

193 (98.0)
2 (1.0)
2 (1.0)

0.5 (-3.1, 4.1)

156 (81.7)
29 (15.2)
6 (3.1)

138 (70.1)
51 (25.9)
8 (4.1)

11.6 (2.7, 20.3)

170 (89.0)
17 (8.9)
4 (2.1)

178 (90.4)
12 (6.1)
7 (3.6)

-1.4 (-7.9, 5.2)

171 (89.5)
14 (7.3)

147 (74.6)
41 (20.8)

14.9 (7.0, 22.7)

Difference (95% CI)
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Indeterminate

6 (3.1)

9 (4.6)

Notes: Difference = difference in proportion (plazomicin – meropenem). Confidence interval is calculated
using the Newcombe method with continuity correction. Missing outcomes are categorized as
indeterminate.; Source: Statistical reviewer

The lower limits of the 95% CI for the visits EOIV and LFU were also larger than the
pre-specified NI margin. In addition, such results were observed for the two individual
components of the composite endpoints at each visit. Note that the improved effect seen
at TOC and LFU visits is driven by the microbiological results. No similar improvement
is seen with the clinical endpoint. The forest plots below present the results for the
composite response, as well as by clinical and microbiological response at Day 5, EOIV,
TOC, and LFU.
Figure 2: Efficacy endpoints by visit, mMITT population
Timepoint

Rate Difference

Rate Difference

Rate Difference

m-MITT Composite

m-MITT Clinical

m-MITT Microbiological

Day 5
End-of-IV Therapy (EOIV)
Test-of-Cure Visit (TOC)
Late Follow-up (LFU)
-20 -10

0

10

20

30

40

-20 -10

0

10

20

30

40

-20 -10

0

10

20

30

Note: the red vertical lines respresent the NI margin of -15%.
Source: Statistical reviewer

The following forest plots display the results for the composite response rate difference at
Day 5 and TOC for a variety of baseline subgroups in the mMITT population. The results
are consistent across the subgroups.
Figure 3: Subgroup analyses for the composite response at Day 5 and TOC, mMITT
population
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40

Subgroup

Rate Difference

Rate Difference

Day 5

TOC

Age <65
Age >=65
Female
Male
TBW/IBW Ratio <125%
TBW/IBW Ratio >=125%
cUTI
AP
CLCR <=60
CLCR 60-90
CLCR >90
Without Indwelling Catheter
With Indwelling Catheter
No Diabetes
Diabetes
-50

-30

-10

10

30

-30

-10

10

30

Note: the red vertical lines respresent the NI margin of -15%.
Source: Statistical reviewer

The analyses above treated missing data as failures. We conducted additional analyses
using a conservative approach that treats indeterminate outcomes as failures in the
plazomicin group and successes in the meropenem group. Results of these analyses also
showed that plazomicin was noninferior to meropenem, allowing us to conclude that the
NI conclusions of the primary analysis are not sensitive to the method for handling
missing data.

8.5 TDM in cUTI patients
The elimination of plazomicin (thus, systemic exposure) is highly dependent upon renal
function. In Study 009, the starting dose was administered based on the baseline CLcr
and the subsequent dose of plazomicin was adjusted daily based on daily measured CLcr.
The results of the study demonstrated that (a) inter-patient variability of plazomicin
exposure was still substantial and (b) the incidence of nephrotoxicity, defined as an
increase in serum creatinine ≥0.5 mg/dL from baseline, was substantially higher in
patients who received plazomicin compared to those who received meropenem.
The Applicant has proposed the use of Cmin-based TDM in cUTI patients with moderate
or severe renal impairment (CLcr >15 to 60 mL/min) or receiving more than 5 days of
plazomicin treatment using a Cmin value of 2 μg/mL.
We conducted analyses using data from cUTI patients from Studies 002 and 009 to
evaluate whether the incidence of nephrotoxicity is associated with systemic exposure of
plazomicin and whether TDM can be used to mitigate plazomicin-induced nephrotoxicity
in cUTI patients.
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8.5.1 Pharmacokinetic (PK) measure for Exposure-Response (ER)
relationship
As with other aminoglycosides, plazomicin-induced nephrotoxicity is considered to be
related to Cmin. In Study 002, plazomicin dose was not adjusted during treatment. Blood
samples for drug concentration measurement were collected from 92 subjects at 35 to 55
minutes, 0.5 to 3 hours, and 4 to 8 hours on Day 1 and prior to the start of infusion on
Days 2 to 5. In Study 009, plazomicin dose was adjusted based on changes in CLcr
during the treatment. Blood samples for drug concentration measurement were collected
from 281 subjects prior to infusion, 90 minutes (±15 minutes), 4 hours (±1 hour), and 10
hours (±1 hour) on Day 3 (±1 day). The PK data from the two studies were pooled to
support ER analyses with a relative wide range of exposure (e.g., C min) since a lower dose
was included in Study 002. Due to the limited observed Cmin values in Studies 002 and
009, population PK was used to estimate the daily Cmin values for each subject. The
results showed that the estimated daily Cmin of each patient did not change substantially
during the treatment period regardless of whether plazomicin dose was adjusted based on
changes in CLcr (Figure 4). Therefore, estimated Cmin on the 1st day (C1st,min) for each
patient was used in the ER assessment for nephrotoxicity.

Figure 4: Cmin over time for cUTI patients from Studies 002 and 009 (PK
population)

Each line represents Cmin over days for each subject; Orange, blue, red, and green represent 1 st ,
2nd , 3rd , and 4th quartiles of C1st,min, respectively.

8.5.2 ER relationship for Nephrotoxicity
In Studies 002 and 009, 22/367 plazomicin-treated patients developed nephrotoxicity (an
increase of serum creatinine from the baseline of ≥0.5 mg/dL for at least one day).
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Among 22 cUTI patients with nephrotoxicity, in 9 patients it occurred 10 days or later
after initiation of plazomicin.
The incidence of nephrotoxicity was significantly associated with an increase in
estimated C1st,min (p<0.01, logistic regression) based on data from Studies 002 and 009,
regardless of baseline CLcr (

Figure 5). Table 5 summarizes the percentage of patients with nephrotoxicity by
estimated C1st,min quartile per baseline CLcr. The results show that the incidence of
nephrotoxicity is greater in patients with CLcr of 30 to ≤60 mL/min compared to patients
with CLcr >60 mL/min, indicating that the risk of plazomicin-induced nephrotoxicity
may be increased with a decrease in baseline renal function. In addition, our analyses
demonstrate that the probability of plazomicin-induced nephrotoxicity would be greater
in patients with a lower baseline renal function even at a comparable C min. Additional
analyses show that the nephrotoxicity is not substantially associated with treatment
duration (up to 7 days of therapy) and/or co-medications (the data are not presented in
this document).

Figure 5: Exposure-response analysis for nephrotoxicity in cUTI patients separated
by renal function in Studies 002 and 009 (PK population)

The lines and the shaded areas represent the predicted relationship between C1st,min and incidence
of nephrotoxicity and their 95% confidence interval (CI). Closed circles and bars represent the
observed incidence of nephrotoxicity and 95% CI, respectively, at each C1st,min quartile.
Occurrence of nephrotoxicity in each patient (i.e., 1 or 0 for yes or no, respectively) were plotted
at estimated C1st,min in each patient.
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Table 5: Percentage of patients with nephrotoxicity by C 1st, min quartiles in Studies
002 and 009 (PK population)
CLcr >30 to 60 mL/min
CLcr >60 mL/min
C1st, min
C1st, min
N
% Nephrotoxicity
N
% Nephrotoxicity
(μg/mL)
(μg/mL)
Q1 (0-<1.0)
26
4%
Q1 (0-<0.3)
66
0
Q2 (1.0-<1.7)
26
8%
Q2 (0.3-<0.6)
66
2%
Q3 (1.7-<2.6)
26
12%
Q3 (0.6-<1.2)
65
5%
Q4 (2.6-7.3)
26
27%
Q4 (1.2-8.7)
66
8%
Control*
142
8%
Control
291
1%
*Control included patients who received meropenem or levofloxacin

Collectively, the above analyses suggest the following:
 Monitoring Cmin may be useful to mitigate plazomicin-induced nephrotoxicity
regardless of baseline renal function (i.e., CLcr >30 mL/min).
 Based on available data, there is substantial uncertainty in the risk of
nephrotoxicity in patients with CLcr ≤30 mL/min; clinical experience is limited,
and greater risk of nephrotoxicity is expected in patients with reduced renal
function.
To address the optimal threshold Cmin for plazomicin dose adjustment to mitigate the risk
of nephrotoxicity, the incidence of nephrotoxicity was calculated for different thresholds
of C1st,min, Table 6. Literature reports suggest that the overall incidence of nephrotoxicity
rate is 5-15% in patients treated with aminoglycosides. 2,3
Table 6: Incidence of nephrotoxicity (%) for different thresholds of C 1st,min based on
estimated C1st,min and observed nephrotoxicity in Studies 002 and 009 (PK
population)
C1st,min
≥ 3 μg/mL
≥ 2.5 μg/mL
≥ 2 μg/mL
≥ 1.5 μg/mL
≥ 1 μg/mL
≥ 0.5 μg/mL

% Nephrotoxicity (n/N)
CLcr >30 to 60 mL/min
CLcr >60 mL/min
37% (7/19)
23% (3/13)
26% (8/31)
17% (3/18)
22% (10/46)
13% (4/30)
18% (10/56)
8% (4/53)
15% (12/78)
7% (6/88)
13% (13/100)
6% (9/148)

n is the number of subjects with nephrotoxicity; N is the number of all the subjects
*A Classification and Regression Tree (CART) analysis showed that C1st,min of 3 µg/mL and CLcr of
around 60 mL/min are critical cut-offs associated with higher incidence rate of nephrotoxicity.

2

Neugarten J, Golestaneh L. The effect of gender on aminoglycoside-associated nephrotoxicity.
Clin Nephrol. 2016 Oct;86(10):183-9.
3 Streetman DS et al. Individualized pharmacokinetic monitoring results in less aminoglycosideassociated nephrotoxicity and fewer associated costs. Pharmacotherapy. 2001 Apr;21(4):443-51.
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9 Clinical Trial for BSI and HABP/VABP
9.1 Study Design
Study 007, was a phase 3, multicenter, randomized, open-label trial to evaluate the
efficacy and safety of plazomicin compared with colistin in patients with HABP/VABP
or BSI due to CRE. The Applicant was to remain blinded to ongoing results. The Agency
agreed with combining HABP/VABP and BSI because both are severe infections
associated with high mortality. The study was initiated in September 2014 and completed
in September 2016. The clinicaltrials.gov identifier for this study is NCT01970371.
The original protocol was amended to allow enrollment of patients in two cohorts:
 Cohort 1 was a randomized, comparator-controlled cohort comparing plazomicin
regimens with colistin regimens for the treatment of BSI or HABP/VABP due to
CRE. Patients in both arms could receive adjunctive antibacterial therapy.
 Cohort 2 was an uncontrolled cohort to evaluate plazomicin regimens in patients
with BSI or HABP/VABP due to CRE, and to evaluate plazomicin monotherapy
for the treatment of cUTI due to CRE.
Study sites could enroll patients in either cohort. The purpose of Cohort 2 was to allow
access to plazomicin for patients ineligible for enrollment in Cohort 1. Enrollment in
either Cohort 1 or Cohort 2 required presumed or documented CRE infection. CRE
infection could be diagnosed by the local laboratory based on presumptive criteria.
Enrollment was limited to CRE infections as plazomicin does not provide adequate
therapy for other Gram-negative pathogens such as P. aeruginosa and Acinetobacter spp.
Randomization in Cohort 1 was in a 1:1 ratio to plazomicin or colistin. The
randomization was stratified by infection type (HABP/VABP or BSI), the time from
initiation of empiric therapy to randomization (≤36 hours to >36 hours) and APACHE II
score (15-20 or 21-30).
For patients with BSI or HABP/VABP in either cohort, treatment with the plazomicin or
colistin regimen was for 7-14 days. The duration within this window was at investigator
discretion. For patients with cUTI in Cohort 2, the duration of plazomicin therapy was 47 days.
Patients could receive up to 72 hours of potentially effective antibacterial drugs prior to
randomization. In Cohort 1, patients in both arms could receive adjunctive therapy. At the
time of randomization, investigators were to select either meropenem or tigecycline to be
used adjunctively. This adjunctive therapy was to be used for the duration of treatment.
Prior and concomitant therapies were allowed as the trial was originally designed to
demonstrate superiority.
The study schedule is shown in the figure below. Study visits included:
 A screening period in the 96 hours before enrollment.
 Baseline assessments.
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An end of therapy (EOT) visit.
A test of cure (TOC) visit 7±2 days after the EOT visit.
An end of study (EOS) visit on Day 28±2 following enrollment.
A late safety follow-up visit on Day 60±7 following enrollment.

Plazomicin was administered at an initial dose of 15 mg/kg once daily IV as a 30-minute
infusion. The initial dose and dosing interval were determined by the baseline renal
function based on estimated CLcr for patients not on renal replacement therapy or by the
type of renal replacement for those on continuous renal replacement therapy. Subsequent
plazomicin doses were determined based on TDM using measured plazomicin plasma
concentrations and dose adjustment equations.
In Cohort 1, colistin was administered as the prodrug, CMS, as a 5 mg/kg IV loading
dose (300 mg maximum) of colistin base activity (CBA) infused over 60 minutes
followed by a 5 mg/kg/day maintenance dose of CBA, divided every 8 hours or every 12
hours. Patients already receiving colistin at the time of enrollment who had received ≥3
doses did not require a loading dose. Colistin dosing was adjusted based on renal
function.
Reasons for withdrawal of therapy could include lack of study-qualifying baseline
culture, safety reasons, insufficient therapeutic effect, or a resistant pathogen. Patients
who prematurely discontinued therapy were to have EOT visit assessments on the day of
discontinuation. Reasons for withdrawal from the study included withdrawal of consent,
significant noncompliance, or determination from the investigator that withdrawal from
participation was in the best interest of the patient.

Figure 6: Design schema and overview of study schedule in Study 007
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Source: Study 007 Clinical Study Report, Figure 1

Inclusion criteria for Cohort 1 required patients diagnosed with BSI or HABP/VABP to
be 18 to 85 years of age with an APACHE II score between 15 and 30 (inclusive)
measured within 24 hours prior to randomization.
A positive blood or lower respiratory tract culture was to be collected ≤96 hours prior to
randomization. Although patients could be enrolled based on either presumed or
documented CRE infection, 37/39 (94.8%) of randomized patients in Cohort 1 had a
documented CRE pathogen (defined by a meropenem MIC of ≥4 mcg/mL based on
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central laboratory testing) isolated from an acceptable study-qualifying baseline
specimen.
Diagnosis of BSI was based on a blood culture and at least one of fever, hypothermia,
new onset arterial hypotension, elevated total peripheral WBC count, or leukopenia.
Diagnosis of HABP (pneumonia after 48 hours of continuous stay in an inpatient acuteor chronic-care facility, or acquired within 7 days after being discharged from a
hospitalization of ≥3 days duration) or VABP (pneumonia after at least 48 hours of
mechanical ventilation) was based on a lower respiratory tract culture, a chest radiograph
or computerized tomography scan with findings consistent with a pneumonia diagnosis,
and clinical signs and symptoms.
Exclusion criteria for Cohort 1 included:
 Receipt of more than 72 hours of potentially effective antibacterial therapy prior
to randomization.
 Polymicrobial infections involving 2 or more aerobic Gram-negative pathogens.
 Knowledge that the index CRE pathogen was resistant to colistin (MIC >2
mcg/mL).
 Requirement for prohibited concomitant therapy.
 Clinical syndromes necessitating more than 14 days of therapy.
 Receipt of high-level vasopressors.
 Patients in acute renal failure not receiving continuous renal replacement therapy
at the time of randomization.
 Patients receiving intermittent hemodialysis at the time of screening.
 HABP/VABP patients if they had a known bronchial obstruction or history of
post-obstructive pneumonia, tracheobronchitis in the absence of concurrent
pneumonia, primary lung cancer or malignancies metastatic to the lung, known or
suspected active tuberculosis, or currently known or suspected fungal or viral
pneumonia.
The main differences in inclusion/exclusion criteria for Cohort 2 were that patients could
be included if they had cUTI due to CRE, APACHE II score <15, polymicrobial
infection, or known colistin-resistant infections.
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9.2 Statistical Methodologies
The original protocol only included the randomized Cohort 1 and the primary endpoint
was Day 28 all-cause mortality.
There were two protocol amendments. In the first protocol amendment, the primary
endpoint was revised to be a composite of Day 28 all-cause mortality or significant
disease related complications (SDRC). SDRCs were determined by the unblinded
investigator and were defined by a new or worsening acute respiratory distress syndrome,
a new lung abscess, a new empyema, or a new onset of septic shock, all within 7 days of
randomization, persistent CRE bacteremia on Day ≥5 (BSI patients only), or a new CRE
bacteremia within 7 days of randomization (HABP/VABP patients only).
The main change in the second and final protocol amendment was to add the nonrandomized Cohort 2; the primary endpoint remained the composite of Day 28 all-cause
mortality or SDRCs. Separate analyses were conducted for the two cohorts. Due to the
limitations of uncontrolled comparisons, this document will focus on results in Cohort 1.
The primary analysis population was the microbiological modified intent-to-treat
(mMITT) population. In Cohort 1, this included all randomized patients who received at
least one dose of study drug and had a CRE isolated from an acceptable study-qualifying
baseline specimen.
In the original protocol, the Applicant was to test for superiority in the mMITT
population with the Day 28 all-cause mortality endpoint using a one-sided α = 0.05
statistical significance level.
The traditional significance level for randomized trials is a one-sided α = 0.025 level. The
Applicant and the Agency agreed to the higher significance level because a greater
tradeoff between Type I and Type II error rates may be appropriate when a Type II error
corresponds to failing to detect superior drug in an unmet need setting for a lifethreatening condition. In addition, the Agency posited that demonstration of superiority
to colistin would likely have provided persuasive (but difficult to precisely quantify)
statistical evidence of superiority to a hypothetical placebo.
In the original protocol, the planned sample size was 286 total patients in the mMITT
population (143 in the plazomicin group and 143 in the colistin group), with
approximately 358 patients randomized to obtain this number with CRE infection. The
sample size was based on targeting power of approximately 70%, and positing Day 28
all-cause mortality rates of 35% in the colistin group and 23% in the plazomicin group.
Due to enrollment challenges, the Applicant informed the Agency that they would not be
able to complete the study in a reasonable timeframe under the original sample size
assumptions. They proposed a prospective stopping rule, such that the end of enrollment
would coincide with the completion of the phase 3 cUTI trial. The Applicant revised the
prospective stopping rule to terminate enrollment on August 1, 2016 regardless of
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enrollment in the cUTI trial. The last patient was enrolled on July 22, 2016. The
completed study had a sample size in Cohort 1 of the mMITT population of 20 patients in
the colistin group and 17 patients in the plazomicin group. This final sample size was
much smaller than the originally planned sample size of approximately 143 patients per
group.
The trial had an independent data monitoring committee. The original protocol specified
a group sequential design with use of O’Brien-Fleming alpha spending function to allow
early stopping for efficacy. However, due to the premature study termination, the trial did
not reach the first planned interim analysis milestone. Therefore, no adjustments for
interim analyses are made in the presentation of results.
The statistical analysis plan (SAP) was finalized after enrollment had completed but
before the Applicant had unblinded results. Due to the study termination and enrollment
challenges, the SAP stated:
“While the protocol-specified primary and secondary efficacy endpoints will be
analyzed and traditional statistical inference measures such as p -values and/or
confidence intervals will be included for descriptive purposes, no formal
hypothesis testing is to be performed in this limited sample size.”
The SAP proposed to present results for the original primary endpoint (Day 28 all-cause
mortality) and primary endpoint under protocol amendments 1 and 2 (Day 28 all-cause
mortality or SDRCs) in parallel with one-sided Fisher’s exact tests and exact
unconditional two-sided 90% confidence intervals for the (colistin – plazomicin) risk
difference. The use of 90% confidence intervals rather than 95% confidence intervals was
because the protocol had proposed testing for superiority using a one-sided α = 0.05 level
rather than a one-sided α = 0.025 level.
Several additional analyses of the primary endpoints (original and amended) were
proposed in the SAP. First, a Cochran-Mantel-Haenszel test was to be used to compare
the randomized plazomicin and colistin groups in Cohort 1 that adjusted for the
stratification factors of infection type (BSI versus HABP/VABP), time from
randomization to initiation of empiric therapy (≤36 hours versus >36 hours), and baseline
APACHE II score (15-20 versus 21-30). Second, the primary endpoints were to be
assessed in each Cohort 1 randomization stratum and in select subgroups. These
subgroups included patients who received adjunctive tigecycline, patients who received
adjunctive meropenem, BSI patients with primary bacteremia, and BSI patients with
secondary bacteremia. Within each subgroup, the presentation of results was to be similar
to the descriptive presentation in the overall mMITT population of Cohort 1.
Secondary efficacy endpoints specified in the SAP included clinical response at the TOC
visit, time to death through 28 days, and Day 14 all-cause mortality. For the secondary
analysis, clinical cure was defined as survival with resolution of signs and symptoms of
infection or significant improvement, without need for new or additional antimicrobial
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therapy to treat the index infection. For BSI patients, clinical cure also required clearance
of bacteremia in at least 1 blood culture incubated for 72 hours without relapse.

9.3 Patient Disposition
In Cohort 1, there were a total of 39 patients (21 in colistin group and 18 in the
plazomicin group). Only two of these patients (one in each treatment group) were not in
the mMITT population. In both cases this was due to the absence of a confirmed CRE at
baseline. Subsequent analyses generally restrict to the mMITT primary analysis
population because it comprised almost all randomized patients, and consideration of
multiple analysis sets would introduce an additional layer of multiplicity.
Most randomized patients in the Cohort 1 mMITT population were in the BSI stratum
rather than the HABP/VABP stratum: the rates of BSI at baseline were 15/20 (75.0%) in
the colistin group and 14/17 (82.4%) in the plazomicin group. In the BSI stratum, over
two thirds of patients were classified as having primary bacteremia. Although only two
patients were classified by the Applicant as having catheter-related bacteremia, 16
patients had primary bacteremia with intravascular central catheters at the time of
diagnosis of the index infection. All 8 randomized patients in the HABP/VABP stratum
of the mMITT population had VABP rather than HABP, and none were bacteremic.
In terms of demographics, 25/37 (67.6%) patients in the Cohort 1 mMITT population
were enrolled in Greece. Most these patients were male, and the majority were over 65
years old. Most patients had received more than 36 hours of empiric therapy before
randomization. All patients in Cohort 1 had baseline APACHE II score ≥15, and most
scores were between 15 and 20.
All but one patient in the mMITT population had carbapenem-resistant K. pneumoniae
as the qualifying CRE pathogen. There was a single patient with a BSI randomized to the
plazomicin group with carbapenem-resistant Enterobacter aerogenes.
The inclusion criteria allowed for the baseline pathogen to have been collected ≤96 hours
prior to randomization. In the BSI stratum of the Cohort 1 mMITT population, only 8/29
(27.6%) patients had a positive blood culture within 24 hours of study drug initiation.
Remaining patients were roughly evenly split between those with no cultures and
negative cultures within 24 hours of initiation.
Prior antibacterial therapy was allowed for up to 72 hours, and was used extensively in
the trial. The most common therapies were meropenem and colistin.
Prior to randomization, patients in Cohort 1 were assigned use of either meropenem or
tigecycline as adjunctive therapy. In the mMITT population, the assignment was to
meropenem for 9/20 (45.0%) patients in the colistin group and 6/17 (35.3%) patients in
the plazomicin group. Two patients had a postbaseline switch of adjunctive therapy: one
HABP/VABP patient in the plazomicin group was switched from meropenem to
tigecycline on Day 6 due to meropenem resistance, and one BSI patient in the colistin
group was switched from tigecycline to meropenem on Day 9 due to an adverse event.
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Other than the baseline variables used to stratify the randomization (APACHE II score,
infection type, and duration of prior empiric therapy), the colistin and plazomicin groups
in the Cohort 1 mMITT population were not necessarily balanced with respect to baseline
factors. This was expected due to the extremely small sample size.
There were 30 plazomicin-treated patients enrolled in Cohort 2. Of these patients, 27/30
(90.0%) were in the mMITT population with a baseline CRE pathogen; 14 patients with
BSI, 9 patients with HABP/VABP, and 4 patients with cUTI. All 27 patients in the
Cohort 2 mMITT population were enrolled in Greece, and over three quarters were male.
Like the Cohort 1 patients, the Cohort 2 patients appeared to have a significant number of
baseline comorbidities. All 27 of Cohort 2 patients in the mMITT population had K.
pneumoniae as the qualifying baseline CRE pathogen.
Figure 7: CONSORT disposition flow diagram, Study 007

Source: Study 007 Clinical Study Report, Figure 4.

26

Table 7: Patient demographics and baseline disease characteristics, mMITT
population, Cohort 1
Baseline characteristic
Gender

Colistin (n = 20)

Plazomicin (n = 17)

Male
Female

10 (50.0%)
10 (50.0%)

12 (70.6%)
5 (29.4%)

Brazil
Greece
Italy
Turkey
USA

3 (15.0%)
14 (70.0%)
1 (5.0%)
2 (10.0%)
0 (0.0%)

5 (29.4%)
11 (64.7%)
0 (0.0%)
0 (0.0%)
1 (5.9%)

<50
50-64
≥65

4 (20.0%)
5 (25.0%)
11 (55.0%)

1 (5.9%)
5 (29.4%)
11 (64.7%)

BSI (primary)
BSI (secondary, urinary tract)
BSI (secondary, intraabdominal)
BSI (secondary, other)
BSI (catheter related)
VABP
APACHE II score
15-20
21-30
>30
Calculated Clcr (mL/min)
CRRT
≤30
>30-60
>60-90
>90-120
>120
Not available
Time from initiation of empiric
therapy to randomization
≤36 hours
>36 hours
Assigned adjunctive therapy
Meropenem
Tigecycline
CRE pathogen
Enterobacter aerogenes
Klebsiella pneumoniae

10 (50.0%)
1 (5.0%)
1 (5.0%)
2 (10.0%)
1 (5.0%)
5 (25.0%)

10 (58.8%)
1 (5.9%)
2 (11.8%)
0 (0.0%)
1 (5.9%)
3 (17.6%)

11 (55.0%)
9 (45.0%)
0 (0.0%)

10 (58.8%)
6 (35.3%)
1 (5.9%)

2 (10.0%)
2 (10.0%)
3 (15.0%)
1 (5.0%)
3 (15.0%)
7 (35.0%)
2 (10.0%)

4 (23.5%)
1 (5.9%)
0 (0.0%)
6 (35.3%)
0 (0.0%)
4 (23.5%)
2 (11.8%)

9 (45.0%)
11 (55.0%)

9 (52.9%)
8 (47.1%)

9 (45.0%)
11 (55.0%)

6 (35.3%)
11 (64.7%)

0 (0.0%)
20 (100%)

1 (5.9%)
16 (94.1%)

Country

Age (years)

Type of infection

Source: Statistical reviewer and Study 007 Clinical Study Report, Table 14.1.4.2.
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Table 8: Medical/Surgical History, mMITT population, Cohort 1
System organ class
preferred term
Blood and lymphatic system
disorders
Cardiac disorders
Gastrointestinal disorders
Infections and infestations
Injury, poisoning and
procedural complications
Metabolism and nutrition
disorders
Diabetes mellitus or Type 2
diabetes mellitus
Neoplasms benign, malignant
and unspecified
Nervous system disorders
Psychiatric disorders
Renal and urinary disorders
Respiratory, thoracic and
mediastinal disorders
Surgical and medical
procedures
Vascular disorders

Colistin (n = 20)

Plazomicin (n = 17)

12 (60.0%)

14 (82.4%)

8 (40.0%)
8 (40.0%)
6 (30.0%)

9 (52.9%)
8 (47.1%)
7 (41.2%)

2 (10.0%)

5 (29.4%)

15 (75.0%)

14 (82.4%)

8 (40.0%)

9 (52.9%)

6 (30.0%)

6 (35.5%)

13 (65.0%)
1 (5.0%)
7 (35.0%)

7 (41.2%)
5 (29.4%)
8 (47.1%)

7 (35.0%)

7 (41.2%)

3 (15.0%)

7 (41.2%)

13 (65.0%)

14 (82.4%)

Source: Study 007 Clinical Study Report, Table 14.1.5.1.
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Table 9: Prior antibacterial therapy received within 96 hours prior to initiation of
study drug, mMITT population, Cohort 1
Any non-study antibacterial
Amikacin
Aztreonam
Cefepime
Ceftriaxone
Ciprofloxacin
Clavulanic acid w/ticarcillin
Colistimethate sodium
Colistin
Daptomycin
Doxycycline
Gentamicin
Levofloxacin
Linezolid
Meropenem
Metronidazole
Piperacillin/tazobactam
Polymyxin B
Teicoplanin
Tigecycline
Vancomycin

Colistin (n = 20)
19 (95.0%)
4 (20.0%)
0 (0.0%)
1 (5.0%)
1 (5.0%)
1 (5.0%)
0 (0.0%)
9 (45.0%)
2 (10.0%)
0 (0.0%)
0 (0.0%)
4 (20.0%)
1 (5.0%)
2 (10.0%)
10 (50.0%)
0 (0.0%)
3 (15.0%)
2 (10.0%)
2 (10.0%)
6 (30.0%)
2 (10.0%)

Plazomicin (n = 17)
14 (82.4%)
3 (17.6%)
1 (5.9%)
1 (5.9%)
2 (11.8%)
3 (17.6%)
1 (5.9%)
6 (35.3%)
0 (0.0%)
2 (11.8%)
1 (5.9%)
1 (5.9%)
0 (0.0%)
2 (11.8%)
5 (29.4%)
3 (17.6%)
4 (23.5%)
2 (11.8%)
1 (5.9%)
2 (11.8%)
0 (0.0%)

Source: Study 007 Clinical Study Report, Table 14.1.10.1.

Table 10: Summary of baseline CRE bacteremia based on blood cultures collected
within 24 hours prior to initiation of study drug and postbaseline cultures in Study
007, mMITT population, Cohort 1, BSI subgroup
Positive culture within 24
hours prior to initiation
No cultures obtained within
24 hours prior to initiation
All negative cultures within
24 hours prior to initiation

Colistin (n = 15)

Plazomicin (n = 14)

4/15 (26.7%)

4/14 (28.6%)

5/15 (33.3%)

5/14 (35.7%)

6/15 (40.0%)

5/14 (35.7%)

Source: Study 007 Clinical Study Report, Table 29
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9.4 The Applicant’s Primary and Secondary Efficacy Results
The SAP stated that results for Day 28 all-cause mortality or SDRC (the primary
endpoint in protocol amendments 1 and 2) and Day 28 all-cause mortality (the primary
endpoint in the original protocol) would be provided in parallel. Therefore, these two
endpoints will be termed the “primary efficacy endpoints.” The SAP further specified
that due to small sample sizes no formal statistical hypothesis testing was to be
performed, but that unconditional exact 90% confidence intervals for treatment effects
and one-sided Fisher’s exact p-values would be displayed for descriptive purposes. The
table below presents the Applicant’s summary of the primary efficacy results in Cohort 1.
Table 11: All-cause mortality at Day 28 or SDRCs, mMITT population, Cohort 1

Source: Study 007 Clinical Study Report, Table 31.

Numerical trends for both primary endpoints favored plazomicin. The rate of Day 28 allcause mortality or SDRCs was 10/20 (50.0%) in the colistin group compared to 4/17
(23.5%) in the plazomicin group. The rate of Day 28 all-cause mortality was 8/20
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(40.0%) in the colistin group compared to 2/17 (11.8%) in the plazomicin group. No
patients had unknown mortality status for the primary analysis.
For each primary endpoint, the one-sided p-values were slightly above 0.05 and the lower
90% confidence limit for the (colistin – plazomicin) difference in event rates was near
zero. Note that the 90% confidence interval for Day 28 all-cause mortality rates exceeded
zero even though the one-sided p-value was above 0.05. This was due to different
methods being used to construct the confidence interval and p-value.
The endpoint of Day 28 all-cause mortality or SDRCs was driven by mortality events.
Only four patients experienced an SDRC before Day 28 and survived through this
timepoint: two patients in the colistin group and one patient in the plazomicin group had
persistent CRE bacteremia on Day ≥5, and one patient in the plazomicin group had
worsening septic shock.
The following table displays subgroup results for the endpoint of Day 28 all-cause
mortality or SDRCs. The study population was dominated by patients with BSI rather
than HABP/VABP, and numerical trends favored plazomicin in the BSI subgroup. There
were too few patients with HABP/VABP (5 in the colistin group and 3 in the plazomicin
group) to allow exploratory analysis. Numerical trends also favored plazomicin in the
subgroup with >36 hours of empiric prior therapy. There did not appear to be any
noteworthy trends for other subgroups.
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Table 12: Day 28 all-cause mortality or SDRCs by subgroups of interest, mMITT
population, Cohort 1
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Secondary efficacy endpoints included clinical response at the TOC visit, Day 14 allcause mortality, and time to death through Day 28.
The clinical cure rates were almost identical in the plazomicin and colistin groups of the
Cohort 1 mMITT population: 7/20 (35.0%) in the colistin group and 6/17 (35.3%) in the
plazomicin group. This endpoint was de-emphasized at the design stage due to the openlabel nature of the study.
There were very few events for the secondary endpoint of Day 14 all-cause mortality:
4/20 (20.0%) in the colistin group and 1/17 (5.9%) in the plazomicin group.
Numerical trends favored plazomicin for the secondary endpoint of time to death through
Day 28. To display the time to death results in more detail, the Kaplan-Meier curves are
shown below for survival through Day 60. Also shown are (colistin – plazomicin)
differences in mortality rates with pointwise 90% confidence intervals at different times.
Mortality rates remained higher in the colistin group than the plazomicin group beyond
Day 28.
Figure 8: Kaplan-Meier survival curves through Day 60, mMITT population,
Cohort 1

Source: Study 007 Clinical Study Report, Figure 14.2.3.10.
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Figure 9: Summary of (colistin – plazomicin) difference in mortality rates at
different timepoints with pointwise 90% exact two-sided confidence intervals.
mMITT population, Cohort 1

Source: Statistical reviewer. No patients were lost to follow-up through Day 50.

9.5 Results in Cohort 2
There were 30 patients enrolled in Cohort 2. Only 3 of these patients were excluded from
the mMITT population due to lack of a confirmed CRE baseline pathogen. Although the
study was conducted at the same sites for both cohorts, Cohort 2 patients were not
necessarily comparable to those in Cohort 1 because of differing eligibility criteria, and
did not permit a synthesized analysis. It was a priori unclear whether patients in Cohort 2
would be predisposed to better or worse outcomes than the patients randomized to
plazomicin in Cohort 1. Two types of Cohort 2 patients (those with cUTI or APACHE II
score <15) would be expected to have better mortality outcomes than Cohort 1 patients,
while the other two types of eligible patients (those with colistin-resistant infections or
polymicrobial infections) might be expected to have worse outcomes. The tables below
display results for the two primary endpoints by infection type and APACHE II score.
While the overall results appeared supportive of plazomicin and were similar to the
Cohort 1 results, this was influenced by a Day 28 all-cause mortality rate of 1/15 (6.7%)
in patients would have been ineligible for Cohort 1 because their infection type was cUTI
or because their APACHE II score of <15 would have been too low for entry.
Consequently, it would be inappropriate to naively augment the plazomicin group from
the randomized Cohort 1 with results from Cohort 2. Thus, the remaining analyses focus
on the randomized comparison between plazomicin and colistin in Cohort 1.
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Table 14: Summary of Day 28 all-cause mortality or SDRCs, mMITT population,
Cohort 2 by infection type and baseline APACHE II score

Infection type

BSI
HABP/VABP
cUTI

<15
2/9 (22.2%)
1/2 (50.0%)

APACHE II
≥15
3/5 (60.0%)
3/7 (42.9%)

Combined
5/14 (35.7%)
4/9 (44.4%)
0/4 (0.0%)

Source: Statistical reviewer. APACHE II scores were not computed for patients with cUTI

Table 15: Summary of Day 28 all-cause mortality, mMITT population, Cohort 2 by
infection type and baseline APACHE II score.

Infection type

BSI
HABP/VABP
cUTI

<15
0/9 (0.0%)
1/2 (50.0%)

APACHE II
≥15
2/5 (40.0%)
3/7 (42.9%)

Combined
2/14 (14.3%)
4/9 (44.4%)
0/4 (0.0%)

Source: Statistical reviewer. APACHE II scores were not computed for patients with cUTI.

9.6 Statistical Issues in the Efficacy Analysis
9.6.1 Discussion of Confidence Levels
The SAP specified presentation of treatment effects using 90% CI because the primary
analyses in the original and amended protocols were based on superiority testing at the
corresponding one-sided α = 0.05 level. The Agency had agreed to this form of
superiority testing for two reasons:
 The thinking that this level may represent a more appropriate tradeoff between
Type I and Type II errors for superiority testing in a setting of life-threatening
infections and unmet medical need. In this setting, there would be a high cost of
failing to detect a superior treatment.
 The thinking that a trial demonstrating superiority relative to the colistin
comparator at this level would likely provide statistically persuasive evidence of
superiority compared to a hypothetical placebo.
However, because the planned testing for superiority was removed from the SAP, these
rationales for summarizing the study results using 90% CI may not be directly applicable.
The table below presents 95% CIs for the primary endpoints in the mMITT primary
analysis population of Cohort 1. These wider CIs respectively rule out plazomicin
efficacy decrements of larger than 5.8% on the risk difference scale.
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Table 16: Analysis of all-cause mortality at Day 28 or SDRCs in Study 007 with
95% two-sided exact unconditional confidence inte rvals, mMITT population,
Cohort 1
Day 28
endpoint
All-cause
mortality or
SDRCs
All-cause
mortality

Colistin
(n=20)

Plazomicin
(n=17)

Difference

95% CI

10/20 (50.0%)

4/17 (23.5%)

26.5%

-5.8% to 55.3%

8/20 (40.0%)

2/17 (11.8%)

28.2%

-4.5% to 56.6%

Source: Statistical reviewer

The CIs were constructed using the same exact unconditional method used by the
Applicant, but with 95% confidence levels. Exact methods are often used with small
sample sizes because usual methods of constructing CIs rely on large sample
approximations that can be inaccurate. However, the drawback is that “exact” methods
are often conservative, in that intervals tend to cover the treatment effect in more than
95% of replicated trials. Note that similar considerations apply to the conservatism of
Fisher’s exact test, which was used to report p-values in this trial.

9.6.2 Discussion of Multiple Comparisons
One statistical issue affecting the interpretation of results is that there were two primary
endpoints. In addition, consideration of results in both the Cohort 1 mMITT population
and the BSI subgroup leads to two analysis populations. Due to the descriptive nature of
the planned analysis there was no attempt to account for this multiplicity. It is possible
that focusing on particularly favorable analyses (e.g., Day 28 all-cause mortality in the
BSI subgroup) may lead to bias in favor of plazomicin.
One method to address this multiplicity issue is to focus the analysis on the single
primary endpoint defined in the final protocol amendment (Day 28 all-cause mortality or
SDRCs) in the prespecified primary efficacy analysis population (the mMITT
population). This appears to be the closest one can achieve to having the statistical
protection of pre-specification that allows unbiased estimation of a treatment effect.
However, this approach has several disadvantages:
 The Applicant is only seeking a BSI indication and not a HABP/VABP
indication, whereas the mMITT population includes patients with both infection
types.
 All-cause mortality may be a more meaningful measure of patient benefit than a
composite including SDRCs. Several SDRCs were based on delayed clearance of
CRE blood cultures, which is less meaningful to patients than survival.
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It is possible to envision analyses with greater power for detecting treatment
differences, such as use of mortality and SDRCs in an ordinal scale, use of timeto-event data,4 or analyses that adjust for baseline covariates.

These drawbacks are addressed to some extent because the mMITT analysis population is
a “BSI driven” population, the endpoint of Day 28 all-cause mortality or SDRCs is driven
by mortality events, and the statistical protection from pre-specification and limiting
multiple comparisons outweighs potential power gains from alternate analyses.

9.6.3 Analysis of Noninferiority
The previous subsections have shown that plazomicin would not have met statistical
criteria specified in the original or amended protocols for declaring superiority to colistin,
and described why the presentation of results for multiple primary endpoints in the BSI
subgroup using 90% confidence intervals may be unduly favorable to plazomicin.
If restricting analysis to the endpoint of Day 28 all-cause mortality or SDRCs in the
Cohort 1 mMITT primary analysis population, then as previously shown the 95%
confidence interval for the (colistin – plazomicin) risk difference rules out a plazomicin
efficacy decrement of 5.8% or higher. Thus, the Agency considered whether the trial
results may support an efficacy finding based on noninferiority to the colistin comparator.
Prior to unblinding the study, the Applicant did in fact ask the Agency about whether trial
could be converted to a noninferiority study. At that time the Agency did not agree with
this proposal because conventional sample size calculations would have shown the trial to
only be adequately powered for an unjustifiably wide noninferiority margin.
There are several reasons why a noninferiority analysis might currently be considered:
 The trial may support the ability of plazomicin to meet a relatively narrow
margin of 5.8% on the risk difference scale. With a narrow margin, there is
greater flexibility in examination of assay sensitivity and historical evidence of
sensitivity to drug effects than studies using wide margins. For comparison, a
standard margin in noninferiority trials of antibacterial drugs is often 10%.
 A finding of noninferiority to an active comparator regimen can be meaningful
and imply a favorable benefit-to-risk profile when a small efficacy decrement is
counterbalanced by enhanced safety. The colistin comparator is associated with
nephrotoxicity and neurotoxicity.
 The Applicant is seeking a labeled indication stating that “As only limited
clinical safety and efficacy data for [plazomicin] are currently available, reserve
[plazomicin] for use in patients who have limited or no alternative treatment
options.” This may afford flexibility in the efficacy analysis.
4

At the study design stage the applicant did propose using time-to-event analysis of mortality for the
primary analysis. Time-to-event analysis often leads to greater power and does not depend on selection of a
somewhat arbitrary timepoint cutoff such as Day 28. The Agency recommended use of a fixed timepoint
due to the clinical thinking that this may be more interpretable for a disease in which the objective of
therapy is to bridge the patient through an acute risk period rather than to hasten recovery.
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However, the Applicant and Agency had agreed to the study design in the context of
planning a superiority trial. Several design features had the potential to complicate
noninferiority conclusions:








The choice of noninferiority margin would be post-hoc.
There are limited data with which to quantify the effect of the colistin comparator
over a hypothetical placebo for the treatment of CRE infections.
Patients could be eligible for the trial with a positive CRE culture taken within 96
hours before randomization, even if subsequent cultures taken closer to the time
of randomization were negative. Thus, some patients may have cleared the CRE
infection before being treated with the study drug.
Prior antibacterial therapy could be given for up to 72 hours. Effective prior
therapy can make noninferiority findings difficult to interpret.
Patients were treated adjunctively with either meropenem or tigecycline for the
entire 7-14 day duration of therapy. Effective adjunctive therapy can also make
noninferiority findings difficult to interpret.
The mMITT primary analysis population included two patients counted as
successes for the plazomicin group despite discontinuing therapy on Day 1. This
form of nonadherence in the treatment arm can affect noninferiority conclusions.

The remainder of this subsection will consider these issues in more detail. Although no
noninferiority margin was prespecified, this does not automatically preclude drawing
noninferiority conclusions. Prespecification is clearly preferable, and is recommended in
the Agency’s guidance document on noninferiority trials 5 because the margin can be
selected more objectively. However, there is no issue of multiplicity concern when
considering both superiority and noninferiority tests based on inverting confidence
intervals.
Regarding the size of the colistin treatment effect compared to a hypothetical placebo,
there do not appear to be any published randomized controlled trials directly relevant to
formulating a noninferiority margin. There is a recent meta-analysis6 of polymyxin
regimens for the treatment of CRE infections that examined 19 controlled studies and
found no evidence of differences in mortality, clinical response rates, or microbiological
response rates between polymyxins and control regimens.
Granting that there is an effect of colistin relative to a hypothetical placebo for treating
serious CRE infections, noninferiority conclusions also depend on the (colistin – placebo)
effect being applicable to the trial under review. Table 17 displays results for the primary
endpoint of Day 28 all-cause mortality or SDRCs by the timing of positive blood
cultures. There were only 4 patients in each group with positive blood cultures in the 24
hours before randomization, with the remainder having negative cultures or no cultures.
5

https://www fda.gov/downloads/Drugs/Guidances/UCM202140.pdf. Accessed 03-16-2018.
Ni W et al. (2015). Efficacy of polymyxins in the treatment of carbapenem-resistant Enterobacteriaceae
infections: a systematic review and meta-analysis. The Brazilian Journal of Infectious Diseases, Volume
19, Issue 2, Pages 170-180.
6
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There did not appear to be imbalance between the plazomicin and colistin groups with
respect to the timing of pre-randomization cultures.
Table 17: Day 28 all-cause mortality or SDRCs by baseline CRE bacteremia
category, mMITT population, Cohort 1
Positive culture within 24 hours
prior to initiation
No cultures obtained within 24
hours prior to initiation
All negative cultures within 24
hours prior to initiation

Colistin (n = 15)

Plazomicin (n = 14)

2/4 (50.0%)

1/4 (25.0%)

3/5 (60.0%)

0/5 (0.0%)

3/6 (50.0%)

1/5 (20.0%)

Source: Study 007 Clinical Study Report, Table 36.

As previously discussed, prior antibacterial therapy was allowed for up to 72 hours and
was used by almost all patients in the trial. The most common prior therapies were
colistin and meropenem.
The impact of adjunctive therapy in this trial was difficult to quantify. The table below
shows no noticeable differences in outcomes among those who received adjunctive
meropenem rather than adjunctive tigecycline. There is a recently published randomized
trial7 in approximately 400 subjects that did not detect differences in mortality or in
clinical failure between colistin+meropenem combination therapy and colistin
monotherapy for the treatment of carbapenem-resistant Gram-negative infections, but the
study population was mostly comprised of patients with A. baumannii rather than CRE.
Table 18: Day 28 all-cause mortality or SDRCs by receipt of adjunctive therapy,
mMITT population, Cohort 1
Adjunctive meropenem
Adjunctive tigecycline

Colistin (n = 20)
5/10 (50.0%)
6/11 (54.5%)

Plazomicin (n = 17)
1/6 (16.7%)
3/12 (25.0%)

Note: One patient changed adjunctive therapy from meropenem to tigecycline, and one patient changed
adjunctive therapy from tigecycline to meropenem. This table includes these patients in both the
meropenem and tigecycline rows.
Source: Study 007 Clinical Study Report, Table 33.

In a noninferiority analysis, early discontinuations from study drug also have the
potential to mask efficacy differences between treatments, particularly when patients
switch from the treatment intervention to the control intervention. In the mMITT
population of Cohort 1, two patients in each group received ≤2 days of study drug:
 The two patients in the plazomicin group were enrolled at the same study site in
Brazil with BSI, and comprised 2 of the 4 primary bacteremia patients in the
randomized cohort who did not have intravascular central catheters at the time of
7

Paul M. et al. Colistin alone versus colistin plus meropenem for treatment of severe infections caused by
carbapenem-resistant Gram-negative bacteria: an open-label, randomized controlled trial. Lancet Infect
Dis 2018. Available at http://dx.doi.org/10.1016/S1473-3099(18)30112-9.
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diagnosis of the index infection. Both patients discontinued plazomicin on Day 1
due to microbiology indicating possible aminoglycoside resistance, and were
treated with regimens that included polymyxins. Both patients survived through
Day 28 without SDRCs and hence were counted as successes for the plazomicin
group for the two primary efficacy endpoints.
Of the two patients with ≤2 days of therapy in the colistin group, both were
considered as failures for the primary efficacy endpoints, and this was likely
unobjectionable. One was a BSI patient who died of sepsis on Day 3 before
therapy could be administered, but there were otherwise no post-baseline dosing
changes for this patient. The other patient in the colistin group was a BSI patient
who had colistin discontinued on Day 2 due to the investigator’s decision that it
was ineffective. This patient died on Day 13.

9.7 TDM in Study 007
In Study 007, an initial dose of plazomicin was administered based on CLcr and
subsequent dosing was adjusted based on AUC0-24. The target AUC0-24 range for TDM
(i.e., 200 to 400 μg·h/mL) was pre-determined based on 75% and 150% of the average
AUC0-24h (262 μg·h/mL) in cUTI patients with normal renal function who received 15
mg/kg Q24h. AUC0-24 was estimated from two plazomicin plasma concentrations per
dosing interval. After the initial dose, 86.2% of the BSI patients had at least one TDMguided dose adjustment. The average number of dose adjustments per patient was 1.9.
The Applicant is proposing to revise the target AUC 0-24 range to 210 to 315 μg·h/mL
based on the observed AUC0-24 in the study. However, this target AUC0-24 range has not
been evaluated in relation to efficacy or safety because of the limited number of patients
in Study 007. Thus, we evaluated the target AUC0-24 range as follows:
First, the upper bound of the target AUC0-24 range was evaluated using the exposureresponse relationship for nephrotoxicity observed in cUTI patients (Figure 5 in Section
8.5.2). Based on an approximately linear relationship between C min versus AUC0-24, the
corresponding AUC0-24 values for Cmin values are summarized in Table 19. Based on this
analysis, the upper bound values of the target AUC0-24 range used in Study 007 (i.e., 400
μg·h/mL) and proposed by the Applicant after the study was completed (i.e., 315
μg·h/mL) correspond to Cmin values of 8.7 μg/mL and 5.7 μg/mL, respectively, which are
expected to be associated with nephrotoxicity. In fact, 7/21 (33%) BSI patients
(combined from Cohorts 1 and 2) with available Scr information experienced an increase
of Scr ≥0.5 mg/dL from baseline in Study 007 and the average daily AUC 0-24 in these 7
patients ranged from 240.9 to 330.2 μg·h/mL, with the median of 283.5 μg·h/mL.
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Table 19: AUC0-24 Values Corresponding to C min values in BSI Patients
C1st, min (μg /mL)

AUC0-24 (μg·h/mL)

8
381
6
323
4
265
3
236
2
207
1
178
An apparent linear relationship between the AUC0-24 and Cmin values estimated in BSI patients
using a population PK model were used for this analysis.

Second, the lower bound of the target AUC 0-24 range was evaluated using the PK/PD
target, AUC0-24: MIC (minimum inhibitory concentration) ratio for net bacterial stasis
derived from a neutropenic murine thigh model. The median and 75th percentile values
of AUC0-24: MIC ratios for 17 Enterobacteriaceae isolates were 24 and 39, respectively.
The AUC0-24 to attain these PK/PD target values were calculated as a function of MIC
values by multiplying PK/PD target value (AUC 0-24: MIC ratio) x MIC, Table 20. Based
on the comparison with the AUC0-24 to attain the PK/PD target as a function of MIC, the
lower bound of the target AUC0-24 range used in Study 007 (i.e., 200 μg·h/mL) should be
re-evaluated.
Table 20: AUC0-24 required to attain the PK/PD target values as a function of MIC
PK/PD Target
(AUC0-24 /MIC)
24
39

AUC0-24 (μg·h/mL) required to attain the PK/PD target values
MIC = 8 μg/mL
MIC = 4 μg/mL
MIC = 2 μg/mL
192
96
48
312
156
78

9.8 Efficacy Summary – BSI
In the randomized Cohort 1 of Study 007, point estimates favored plazomicin for the two
primary endpoints of Day 28 all-cause mortality and the composite of Day 28 all-cause
mortality or SDRCs, but were not statistically significant; the lower endpoints of the 90%
confidence intervals for the (colistin – plazomicin) differences were close to zero. The
primary analysis population was predominantly comprised of patients with BSI rather
than HABP/VABP and results were numerically favorable for plazomicin in the BSI
subset.
The efficacy analysis in this trial was limited by several factors:
 The sample size was small. The mMITT primary analysis population of the
randomized Cohort 1 was comprised of only 20 patients in the colistin group and
17 patients in the plazomicin group. Consequently, there was substantial
uncertainty regarding the precise values of treatment effects.
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Due to enrollment challenges, the Applicant’s statistical analysis plan stated that
results would be presented descriptively without use of inferential statistics.
The Applicant’s Clinical Study Report presented results for primary analyses
using 90% confidence intervals rather than standard 95% confidence intervals.
The Applicant’s consideration of two primary endpoints and results in the BSI
subgroup had the potential to introduce multiplicity biases.
Results in Cohort 2 were limited by the lack of a control group, and patients were
not sufficiently comparable to the plazomicin group of Cohort 1 to allow a
synthesized analysis.

Due to these limitations, the Agency considered the most appropriate analysis to be
examination of the primary endpoint in the final protocol amendment (Day 28 all-cause
mortality or SDRCs) in the mMITT primary analysis population of the randomized
Cohort 1, using 95% confidence intervals. This analysis appeared to be the closest one
could come to having the statistical protection of pre-specification, and represented an
analysis of a mortality driven endpoint in a BSI driven population. An exact 95%
confidence interval for the (colistin – plazomicin) treatment effect was only able to
provide evidence that plazomicin could meet a margin of 5.8% on the risk difference
scale for this analysis.
Consequently, the Agency considered whether an efficacy determination could be made
based on a finding of noninferiority. A noninferiority assessment was considered because
justifying a relatively narrow margin of 5.8% allowed some flexibility in the assessment
of historical evidence of sensitivity to drug effects and assay sensitivity, noninferior
efficacy with a narrow margin could potentially still represent a positive benefit-to-risk
profile given the known toxicities of the colistin comparator, and noninferiority would be
consistent with the applicant’s proposed limited use indication statement in labeling.
Nevertheless, there were several features of the design that complicated noninferiority
assessments. These issues included enrollment of patients with negative CRE cultures
within 24 hours of randomization, allowance for up to 72 hours of prior therapy,
adjunctive therapy with meropenem or tigecycline for the entire treatment duration.

10 Overall Efficacy Summary
10.1 cUTI
Study 009 was a randomized, double-blind, active controlled, multicenter, NI trial that
evaluated the efficacy and safety of plazomicin for treatment of cUTI, including AP, in
adults. The trial results support the conclusion that plazomicin is noninferior to
meropenem for the treatment of cUTI including AP. Note that this study was mainly
conducted in East European countries and almost 100% of patients were white.

43

10.2 BSI and HABP/VABP
Study 007 was designed to assess the safety and efficacy of plazomicin to treat CRE.
Following several discussions between the Applicant and Agency, a randomized, openlabel, active controlled, superiority, trial was designed in which patients with BSI or
HABP/VABP were to be treated with a 7-14 day course of IV antibacterial drugs (either
meropenem or tigecycline depending on pathogen characteristics) plus either colistin or
plazomicin. The primary endpoint was initially 28 day all-cause mortality and then
modified to allow the inclusion of SDRCs in the assessment. An initial sample size of
286 subjects with confirmed CRE infection was planned for as this was expected to
provide 70% power (assuming a one sided α= 0.05) to detect a 12% absolute reduction in
mortality assuming colistin mortality levels of 35% and plazomicin mortality levels of
23%.
The above specifics of the planned study highlight what was expected in terms of
available study data and what (despite the best efforts of the Applicant) was achieved.
The planned randomized trial was stopped early and hence safety and efficacy data are
only available from a small group of patients and no formal hypothesis testing was
planned. Though prespecified stratification based on disease type, APACHE score, and
time from initial empiric therapy to randomization allowed for some balance between
treatment arms, there were significant disparities in important characteristics between the
treatment arms. For example, there are disparities between the two arms by gender, the
ages of subjects, ethnicity, background therapy, and study site locations. It is unclear if
any of these differences might affect outcomes.
The assessments of efficacy outcomes are also complicated by uncertainty of the source
of the BSI. Although the majority of BSI subjects were considered to have primary
bacteremia, a majority of them had intravascular catheters at the time of BSI diagnosis
and it does not appear that there was an attempt to collect standardized data across all
investigators to assess whether the BSI was related to the intravascular catheters or other
source(s) of infection.
As noted earlier, 10/14 and 11/15 plazomicin and colistin BSI patients, respectively had
negative or no cultures on Day 1. Given that patients could have had a single positive
blood culture (for inclusion) and empiric treatment any time in the 96 hours prior to
starting study regimen, it is possible patients had already been significantly
treated/improved prior to starting study therapy. Moreover, at least two patients in the
plazomicin arm only received one day of plazomicin therapy before being switched to a
polymyxin based regimen, raising questions about the contribution of plazomicin to these
patients’ clinical outcomes.
A statistically significant benefit of plazomicin over colistin was noted with regard to 28
Day mortality (or 28 Day mortality plus SDRC) in the BSI subgroup, but not in the
overall study population. In addition to concerns such as a lack of prespecified statistical
significance on the primary endpoint in the overall mMITT population and given the
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concerns including imbalances in subject/disease factors, uncertainty in clinical condition
due to negative blood cultures at baseline, source of the bacteremia, and presence of
intravascular catheters, a conclusion of superiority of plazomicin is difficult. The
limitations in assessing NI have also been discussed.

11 Evaluation of Safety
11.1 Safety Summary
The safety evaluation of plazomicin were consistent with those expected for an
aminoglycoside. A signal for nephrotoxicity was noted, albeit of generally modest
severity and generally associated with recovery. No clear comparison of nephrotoxic
potential relative to colistin can be made given the very small sample size of the CRE
study, however there was a trend suggesting less nephrotoxicity. Regarding ototoxicity,
the external expert assessment used by the Applicant suggests that, while frank
ototoxicity was not identified, there is no definitive evidence that aminoglycosideassociated ototoxicity does not occur with plazomicin.

11.2 Methods
The safety evaluation involved 7 studies- four phase 1 studies (in healthy subjects
[safety/PK, TQT, ELF studies] and subjects with renal impairment), one phase 2 study in
cUTI/AP, and one phase 3 study each in cUTI/AP and CRE-related BSI/HABP/VABP.
Across all studies, 590 subjects received at least one dose of plazomicin.
Table 21: Safety Populations in Plazomicin Studies

Phase 1 Studies
15mg/kg dose a
Phase 2 cUTI Study (Study
002)
15 mg/kg dose a
phase 3 cUTI Study (Study
009)
Phase 3 CRE Study
(Study 007)
Cohort 1
Cohort 2

Plazomicin
N=590
143
6
96

Levofloxacin
N=44

Meropenem
N=301

Colistin
N=21

44

74
303

301

48
18
30

21

a The proposed plazomicin dose; AP – acute pyelonephritis; CRE –

carbapenemase producing
Enterobacteriaceae
Source: Adapted from Tables 6-8 in the Summary of Clinical Safety
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The safety review focuses on the phase 2 and 3 trials. Evaluations of ototoxicity
performed in the phase 1 studies will also be noted. The data from the phase 2 and 3
cUTI trials were not pooled and will be discussed separately as the studies were
conducted in different locations, had different demographic characteristics, and used
different comparators. For the phase 2 trial, the focus will be on the 15 mg/kg plazomicin
arm as this is the proposed dose. For the safety assessment in the CRE study, the focus
will be on Cohort 1 and the two cohorts will not be pooled given the lack of comparator
and different inclusion criteria in Cohort 2.
cUTI Trials (Studies 002 and 009)
In the phase 2 and phase 3 trials, the median duration of treatment was 5 days in the
plazomicin and comparator arms. No subject received greater than 7 days of therapy and
<15% of subjects in any arm received <4 days of therapy. In Study 009, roughly three
quarters of subjects in each arm completed IV study drug treatment. Most
discontinuations in this study were due to lack of a study-qualifying pre-treatment
baseline urine culture, Table 22.
Table 22: Subject Disposition in cUTI Trials: Safety Population

Discontinued IV
study drug
Lack of study
qualifying
pretreatment
baseline culture
Adverse Event
Withdrawal of
Consent
Insufficient
Therapeutic Effect
Lost to Follow-Up
Investigator
Decision
Pregnancy or
Nursing
Significant
Patient
Noncompliance
Death
Other

Study 002
Plazomicin
Levofloxacin
15 mg/kg
750 mg
N=74
N=44
n (%)
n (%)

Study 009
Plazomicin
Meropenem
15 mg/kg
1 gm
N=303
N=301
n (%)
n (%)

12 (16.2%)

1 (2.3%)

71 (23.4%)

70 (23.3%)

0

0

60 (19.8%)

61 (20.3%)

3 (4.1%)

0

4 (1.3%)

6 (2%)

2 (2.7%)

1 (2.3%)

1 (0.3%)

1 (0.3%)

2 (2.7%)

00

0

1 (0.3%)

1 (1.4%)

0

1 (0.3%)

0

0

0

2 (0.7%)

1 (0.3%)

0

0

1 (0.3%)

0

0

0

0

0

0
4 (5.4)

0
0

0
2 (0.7)

0
0

Source: Adapted from Table 10 of the Sponsor’s Summary of Clinical Safety
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The subject demographic characteristics in studies 002 and 009 are presented in Table 23.
In Study 002 the majority of subjects were females aged 18 to < 65 years, about 55% had
AP and ~75% had baseline CLcr > 60 mL/min. In Study 009, the subjects were roughly
evenly split between males and females, almost half of the subjects were ≥ 65 years old
and roughly a third of subjects had baseline CLcr between >30-60 mL/min.
Table 23: Subject Demographics in cUTI Trials; Safety Population
Demographics

Study 002
Plazomicin
Levofloxacin
15mg/kg
750mg
N=74
N=44

Study 009
Plazomicin
Meropenem
15 mg/kg
1gm
N=303
N=301

Infection Type
cUTI
33 (44.6%)
20 (45.5%)
177 (58.4%)
AP
41 (55.4%)
24 (54.5%)
126 (41.6%)
Geographic region
Asia
17 (23.0%)
17 (38.6%)
0
Eastern Europe
0
0
299 (98.7%)
North America,
57 (77.0%)
27 (61.4%)
4 (1.3%)
Western Europe,
Latin America
Sex
Male
14 (18.9%)
10 (22.7%)
133 (43.9%)
Female
60 (81.1%)
34 (77.3%)
170 (56.1%)
Race
White
12 (16.2%)
5 (11.4%)
301 (99.3%)
Black/African
13 (17.6%)
7 (15.9%)
1 (0.3%)
American
Asian
17 (23.0%)
18 (40.9%)
0
American
32 (43.2%)
13 (29.5%)
0
Indian/Alaska Native
Other/Unspecified
0
1 (2.3%)
1 (0.3%)
Age (years)
18 to <65
70 (94.6%)
39 (88.6%)
166 (54.8%)
≥65
4 (5.4%)
5 (11.4%)
137 (45.2%)
≥75
1 (1.4%)
2 (4.5%)
58 (19.1%)
Median, years
37
42
62
Height (Median), cm
160
160.1
168
Weight (Median), kg
65.9
71.5
75.0
Baseline CrCl
(ml/min)
>120
8 (10.8%)
6 (13.6% )
28 (9.2%)
>90-120
26 (35.1%)
11 (25.0%)
65 (21.5%)
>60-90
23 (31.1%)
16 (36.4%)
115 (38.0%)
>30-60
15 (20.3%)
6 (13.6%)
91 (30.0%)
≤30
0
2 (4.5%)
1 (0.3%)
Missing
2 (2.7%)
3 (6.8%)
3 (1.0%)
Source: Adapted from Table 13; Sponsor’s Summary of Clinical Safety

179 (59.5%)
122 (40.5%)
0
299 (99.3%)
2 (0.7%)

153 (50.8%)
148 (49.2%)
300 (99.7%)
0 (0.0%)
0
0
1 (0.3%)
158 (52.5%)
143 (47.5%)
58 (19.3%)
64
169
77.0
19 (6.3%)
62 (20.6%)
111 (36.9%)
103 (34.2%)
3 (1.0%)
3 (1.0%)
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BSI and HABP/VABP Trial (Study 007)
In Cohort 1 of Study 007, the median duration of treatment in the colistin and plazomicin
arms was 12 days. No subject received more than 15 days of study therapy. The median
duration of adjunctive treatment was 11 days in the colistin arm and 13 days in the
plazomicin arm. The demographics of the safety population in the CRE study are
presented in section 9.3 of this document.
Approximately 25% of plazomicin subjects did not complete IV study drug therapy. Two
subjects discontinued therapy due to suspected aminoglycoside resistance and two
subjects due to septic shock. The colistin arm had higher rates of discontinuation,
including two discontinuations due to death. Death was the primary factor for subjects
being unable to complete the Day 28/60 visits, Table 24.
Table 24: Subject Disposition in Study 007; Safety Population, Cohort 1

Discontinued IV
Study Drug
Adverse Effect
Insufficient
Therapeutic effect
Investigator Decision
Death
Resistant Pathogens
Withdrew prior to day
28 Visit
Death
Other
Withdrew prior to
Day 60 Visit
Death

Plazomicin
N=18
n (%)
4 (22.2%)

Colistin
N=21
n (%)
7 (33.3%)

2 (11.1%)
0

1 (4.7%)
3 (14.3%)

0
0
2 (11.1%)
3 (16.7%)

1 (4.7%)
2 (9.5%)
0
8 (38.1%)

2 (11.1%)
1 (5.6%)
8 (44.4%)

8 (38.1%)
0
13 (61.9%)

8 (44.4%)

13 (61.9%)

All AEs were due to septic shock.
“Other” subject had limited assessments at Day 28 but was still active in study.
Source: Adapted from Table 11, Sponsor’s Summary of Clinical Safety

11.3 Adverse Event Analysis
cUTI Trials (Studies 002 and 009)
Only one death occurred in the cUTI trials. This death involved a 63-year-old White
woman who was admitted for pyelonephritis. She received one dose of plazomicin and
then was discontinued from study drug due to acute kidney injury (switched to
piperacillin-tazobactam and then meropenem). At the time of discontinuation, she was
found to have metastatic uterine cancer with possible involvement of the lungs and liver.
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She continued to have worsening renal function (Day 7 serum creatinine was 8.6 mg/dL)
and eventually needed hemodialysis. She underwent six sessions of hemodialysis but on
Day 17 refused further sessions due to difficulties in tolerating the procedure. On Day 18
she died due to asystole and bradycardia. Though a relationship with plazomicin cannot
be fully excluded due to its nephrotoxic effects, the subject also had other significant
comorbidities.
The rate of SAEs was comparable and low between treatment arms in both Studies 002
and 009, Table 25. In Study 002, a single SAE occurred in the plazomicin arm. This
involved a spontaneous abortion (miscarriage) that occurred at Day 103; it is likely the
subject became pregnant after she had finished her study drug regimen.
In Study 009, five subjects in each treatment arm had SAEs. In the plazomicin arm, the
SAEs were acute kidney injury and metastatic neoplasm in one subject, acute kidney
injury, pneumonia, urosepsis, and urinary calculus. Review of the narratives of each of
the five plazomicin subjects revealed only possible relatedness to study drug of both
acute kidney injury cases. In both cases, decreases in creatinine clearance were noted
after only one dose of plazomicin. One subject eventually required hemodialysis and
passed away (discussed above), while another had recovery of renal function. Though
other confounders were present, given what is known about the nephrotoxic potential of
aminoglycosides, a relationship between plazomicin and these acute kidney injury events
is certainly plausible.
Table 25: Serious Adverse Events in cUTI Trials; Safety Population

Total Subjects
with SAEs
Acute Kidney
Injury
Abortion
Spontaneous
Calculus urinary
Metastatic
neoplasm
Pneumonia
Urosepsis
Clostridium
difficile colitis
Orchitis
Pancreatitis
Pyelonephritis
acute
Pyrexia
Seizure
Septic shock

Study 002
Plazomicin 15
Levofloxacin
mg/kg
750 mg
N=74
N=44
1 (1.4%)
2 (4.5%)

Study 009
Plazomicin
Meropenem
15 mg/kg
1 gm
N= 303
N=301
5 (1.7%)
5 (1.7%)

0

0

2 (0.7%)

0

1 (1.4%)

0

0

0

0
0

0
0

1 (0.3%)
1 (0.3%)

0
0

0
0
0

0
0
0

1 (0.3%)
1 (0.3%)
0

0
0
1 (0.3%)

0
0
0

0
0
1 (2.3%)

0
0
0

1 (0.3%)
1 (0.3%)
1 (0.3%)

0
0
0

0
1 (2.3%)
0

0
0
0

1 (0.3%)
0
1 (0.3%)
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Urinary tract
0
0
0
infection
Source: Adapted from Table 20 of Sponsor’s Summary of Clinical safety

1 (0.3%)

In Study 009, the frequency of TEAEs between treatment groups was similar, Table 26.
A total of 59 (19.5%) and 65 (21.6%) subjects in the plazomicin and meropenem arms,
respectively were noted to have TEAEs. Only 18 (5.9%) and 16 (5.3%) of subjects in the
plazomicin and meropenem arms, respectively had TEAEs thought to be possibly related
to study drug. For TEAEs that occurred in at least 1% of subjects in either treatment
group, frequencies of individual PTs were comparable between both arms. Common
TEAEs that were possibly related to study drug, in the plazomicin arm included diarrhea,
headache, renal injury (blood creatinine increased, renal failure) and possible allergic
reactions (injection site phlebitis and erythema, papular rash).
Table 26: TEAEs related to Plazomicin; Study 009; Safety Population
Plazomicin
N=303
n (%)
18 (5.9%)

Meropenem
N= 301
n (%)
16 (5.3%)

Subjects with TEAEs related
IV study drug
Diarrhea
3 (1.0%)
4 (1.3%)
Headache
2 (0.7%)
2 (0.7%)
Blood Creatinine Increased
2 (0.7%)
0
Vomiting
1 (0.3%)
1 (0.3%
Nausea
1 (0.3%)
1 (0.3%)
Renal Failure
1 (0.3%)
1 (0.3%)
Hypoacusis
1 (0.3%)
0
Stomatitis
1 (0.3%)
0
Infusion site phlebitis
1 (0.3%)
0
Injection site erythema
1 (0.3%)
0
Creatinine renal clearance
1 (0.3%)
0
decreased
Acute Kidney Injury
1 (0.3%)
0
Renal impairment
1 (0.3%)
0
Dyspnea
1 (0.3%)
0
Rash popular
1 (0.3%)
0
Hypertension
1 (0.3%)
0
Note: Not all related TEAEs are shown for meropenem;
Source: Adapted from Table 49 of Sponsor’s Clinical Study report for Study 009

In Study 009, six subjects in each arm discontinued study drug. In the plazomicin arm, all
discontinuations were related to renal injury/function. The protocol required
discontinuation of IV study drug in patients with two successive creatinine clearance
measurements <30 mL/min during IV treatment. Of the 6 discontinuations in the
plazomicin arm, four of the subjects started with baseline creatinine clearance in the 30s
ml/min. In Study 002, 4 plazomicin subjects had discontinuations due to adverse events
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of dizziness (2 subjects), vertigo, diabetes mellitus, azotemia, and hypotension (each
reported by 1 subject).
BSI and HABP/VABP Trial (Study 007)
In Cohort 1 there were 8 deaths in the plazomicin arm and 13 deaths in the colistin arm,
Table 27. The deaths were often associated with the underlying infection/patient
comorbidities. In the plazomicin arm, most deaths occurred well after treatment with
study drug had ended. Similar findings were noted in Cohort 2 where 12 subjects (40%)
died.
Table 27: Deaths; Study 007; Safety Population, Cohort 1
Subjects with Fatal SAE

Total
Septic Shock
Cardiac Arrest
Cardiorespiratory arrest
Lung Infection
Pneumonia
Pneumonitis chemical
Multiorgan dysfunction
syndrome
Pneumonia aspiration
Bladder Cancer
Cerebral ischemia
Pulmonary embolism
Sepsis

Plazomicin
N=18
n (%)
8 (44.4%)
3 (16.7%)
1 (5.6%)
1 (5.6%)
1 (5.6%)
1 (5.6%)
1 (5.6%)
0

Colistin
N= 21
n (%)
13 (61.9%)
5 (23.8%)
1 (4.8%)
0
0
0
0
1 (4.8%)

0
0
0
0
0

1 (4.8%)
1 (4.8%)
1 (4.8%)
1 (4.8%)
2 (9.5%)

Source: Adapted from Table 25 of Sponsor’s Summary of Clinical safety

Evaluation of all SAEs in this study revealed similar findings to those of fatal SAEsnamely an association with the underlying infection, hospitalization, or patient
comorbidities. For both arms, there were SAEs related to renal injury, and this is
discussed further in Section 10.4.
Considering the significant underlying comorbidities and complicated hospitalization
course of these subjects, rather than focus on all TEAEs, the review focuses on TEAEs
considered related to IV study drug administration by the investigator. In the case of
plazomicin, the majority of such TEAEs were related to renal injury though at a lower
rate than the colistin arm.
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Table 28: TEAEs Related to IV Study Drug Administration; Study 007; Safety
Population, Cohort 1
Subjects with TEAEs
related to IV study drug
Total
Acute Kidney Injury
Renal Impairment
Blood Creatinine Increase
Systemic Candida
Vomiting
Anemia
Paresthesia
Gait Disturbance
Hypoaesthesia Oral

Plazomicin
N= 18
n (%)
5 (27.8%)
2 (11.1%)
1 (5.6%)
0
1 (5.6%)
1 (5.6%)
1 (5.6%)
0
0
0

Colistin
N= 21
n (%)
9 (42.9%)
4 (19.0%)
0
3 (14.3%)
0
1 (4.8%)
0
1 (4.8%)
1 (4.8%)
1 (4.8%)

Source: Adapted from Table 24 of Sponsor’s Summary of Clinical Safety

11.4 Adverse Reactions of Special Interest and Submission Specific
Safety Issues
As a class, aminoglycosides are associated with both nephrotoxicity and ototoxicity and
this section will focus on an evaluation of such toxicities in the clinical development
program.
Nephrotoxicity
Studies 002 and 009
Increases in serum creatinine ≥ 0.5 mg/dL from baseline were observed more frequently
in the plazomicin arm than in comparator arms in the phase 2 (5.6% vs. 2.4%) and phase
3 (7% vs. 4%) studies, Table 29. Increases in creatinine ≥1.0 mg/dL were uncommon,
1.7% (5/300) and 1.0% (3/297) in the plazomicin and meropenem groups, respectively, in
phase 3 study.
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Table 29: Subjects with Post-Baseline Increases in Serum Creatinine ≥ 0.5 mg/dL in
Studies 002 and 009; Safety Population
Serum
Creatinine
Increase
mg/dL
≥0.5
≥1.0
≥2.0
≥3.5
≥4.0

Study 002
Plazomicin
Levofloxacin
N=74, N1=72
N=44, N1=41
n/N1 (%)
n/N1 (%)
4 (5.6%)
0
0
0
0

1 (2.4%)
0
0
0
0

Study 009
Plazomicin
Meropenem
N=303; N1=300 N=301; N1=297
n/N1 (%)
n/N1 (%)
21 (7.0%)
3 (1.0%)
2 (0.7%)
1 (0.3%)
1 (0.3%)

12 (4.0%)
5 (1.3%)
0
0
0

N1= number of patients with a baseline and postbaseline serum creatinine from the central lab
Source: Adapted from Table 28 of Sponsor’s Summary of Clinical safety

Increases occurred both during plazomicin therapy and after plazomicin therapy had been
completed, and were more notable in the ≥ 65 years old age group and in subjects with
moderate renal impairment. Generally, there was improvement of creatinine levels by the
last study visit (recovery was defined as a serum creatinine ≤0.5 mg/dL greater than
baseline). In the phase 3 study, out of 11 plazomicin subjects who had serum increases ≥
0.5 mg/dL while on intravenous therapy, 9 had improvement in serum creatinine by the
last follow-up visit.
When evaluating RIFLE criteria, generally the treatment groups were comparable, with a
slight trend of increased “Risk” categorization with plazomicin, Table 30.
Table 30: RIFLE Classification; Studies 002 and 009; Safety population
RIFLE
ClassificationWorst
Postbaseline
Risk
Injury
Failure
Loss of Function
ESRD

Study 002
Plazomicin
Levofloxacin
N=74, N1=72
N=44, N1=41
n/N1 (%)
n/N1 (%)
8 (11.1%)
0
0
0
0

2 (4.9%)
1(2.4%)
0
0
0

Study 009
Plazomicin
Meropenem
N=303; N1=300 N=301; N1=297
n/N1 (%)
n/N1(%)
16 (5.3%)
3 (1.0%)
2 (0.7%)
0
0

9 (3.0%)
3 (1.0%)
2 (0.7%)
0
0

N1= number of patients with a baseline and postbaseline serum creatinine from the central lab; Risk: serum
creatinine increased 1.5-fold baseline; Injury: creatinine 2-fold baseline; Failure: creatinine 3-fold baseline
or serum creatinine >4 mg/dL in the setting of an acute increase of at least 0.5 mg/dL; Loss of function:
complete loss of renal function for more than 4 weeks; End-stage renal disease (ESRD): complete loss of
renal function for more than 3 months ; adapted from table 31 of Sponsor’s Summary of Clinical Safety

Study 007
In this study, relatively fewer serum creatinine increases ≥ 0.5 mg/dL above baseline
were noted in the plazomicin arm of Cohort 1 relative to colistin, Table 31.
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Table 31: Subjects with Serum Creatinine ≥ 0.5 mg/dL Above Baseline, Cohort 1,
Safety Population, Study 007
Serum Creatinine Increase
mg/dL
≥0.5 mg
≥1.0 mg
≥2.0 mg
≥3.0 mg
≥4.0 mg

Plazomicin
N=18; N1=12
n/N1 (%)
2 (16.7%)
0
0
0
0

Colistin
N=21; N1=16
n/N1 (%)
8 (50.0%)
6 (37.5%)
1 (6.3%)
0
0

N1= number of patients with a baseline and postbaseline serum creatinine from the central lab ;
Source: Adapted from Table 32 of Sponsor’s Summary of Clinical Safety

Similar findings were noted for RIFLE criteria, Table 32.
Table 32: RIFLE Classification, Safety Population, Cohort 1, Study 007
RIFLE Classification-worst
Postbaseline
Risk
Injury
Failure
Loss of Function
ESRD

Plazomicin
N=18; N1=12
n/N1 (%)
1(8.3%)
1 (8.3%)
1 (8.3%)
0
0

Colistin
N=21; N1=16
n/N1 (%)
4 (25.0%)
1 (6.3%)
4 (25.0%)
0
0

N1= number of patients with a value for the specified parameter at baseline and at the specified visit; Risk:
serum creatinine increased 1.5-fold baseline; Injury: creatinine 2-fold baseline; Failure: creatinine 3-fold
baseline or serum creatinine >4 mg/dL in the setting of an acute increase of at least 0.5 mg/dL; Loss of
function: complete loss of renal function for more than 4 weeks; End-stage renal disease (ESRD): complete
loss of renal function for more than 3 months; adapted from Table 33 of Sponsor’s Summary of Clinical
Safety

Ototoxicity
Evaluation of ototoxicity in the phase 2 and 3 studies was primarily based on adverse
event reporting and use of several inventories (in Study 009) related to patients perceived
changes in hearing, tinnitus, and dizziness.
There were three reports of adverse events associated with cochlear or vestibular function
in the phase 2 and 3 studies – reports of hypoacusis, tinnitus, and vertigo. These events
were somewhat atypical for aminoglycoside-related ototoxicity in that the hypoacusis and
vertigo events resolved and the tinnitus event was unilateral. In phase 1 studies, 5
plazomicin subjects reported tinnitus but the events were transient and occurred after a
single dose. Also in the phase 1 studies, one subject reported transient nystagmus (this
subject also had tinnitus), and another subject was reported to have an abnormal
vestibular function test.
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The hearing, tinnitus, and dizziness inventories did not show any clear evidence of
ototoxicity in the Study 009.
Pure tone audiometry was performed in the phase 1 and phase 2 studies. The Applicant
conducted an independent expert analysis of these data which concluded that there was
no widespread signal of drug-related ototoxicity. However, there were four subjects (out
of 182 plazomicin-exposed subjects with evaluable data) where drug-related ototoxicity
could not be definitively excluded.
Also in the phase 1 studies, a mix of electronystagmography, modified Romberg testing,
and Dynamic Visual Acuity testing was performed; modified Romberg testing was also
performed in the phase 2 study. The electronystagmography data was also reviewed by
independent experts and though abnormal caloric findings were noted in 4/31 subjects
whose data were reviewed, they were not associated with AEs suggestive of
vestibulotoxicity. Thus, the conclusion was made that no clear sign of vestibulotoxicity
was present.

12 Draft Points for Advisory Committee Discussion
1. Has the applicant provided substantial evidence of the safety and effectiveness of
plazomicin for the treatment of complicated urinary tract infections?
 If yes, please provide any recommendations regarding labeling.
 If no, what additional studies/analyses are needed?
2. Has the applicant provided substantial evidence of the safety and effectiveness of
plazomicin for the treatment of bloodstream infections in patients with limited or no
treatment options?



If yes, please provide any recommendations regarding labeling.
If no, what additional studies/analyses are needed?
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