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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of 210303 are owned by Achaogen or are data for which 
Achaogen has obtained a written right of reference.
Any information or data necessary for approval of 210303 that Achaogen does not own 
or have a written right to reference constitutes one of the following: (1) published 
literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as 
reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of 
210303.
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1 Executive Summary
1.1 Introduction
Plazomicin is a new aminoglycoside antimicrobial.  Achaogen, the sponsor of both the 
plazomicin IND (since its inception) and the current NDA, has conducted clinical trials in 
adult patients with complicated urinary tract infections (cUTIs) and bloodstream 
infections.  Data in pediatric patients are anticipated.

1.2 Brief Discussion of Nonclinical Findings
Plazomicin has a nonclinical toxicity profile typical of an aminoglycoside antimicrobial.  
The kidney was the primary target organ of toxicity in rats and dogs. Clinical signs 
suggestive of neural blockade were observed in rats following high doses of plazomicin.  
Plazomicin was not mutagenic (Ames assay) or clastogenic (human lymphocytes in 
vitro or rat bone marrow in vivo).  Plazomicin did not induce visceral or skeletal 
malformations in rat or rabbit fetuses.  It did not impair fertility of male rats or 
reproductive performance in female rats; however, female rats exposed to plazomicin at 
levels comparable to clinical exposure had fewer corpora lutea than controls.  The 
significance of this finding to humans is unknown.  During studies of fertility, rats are 
exposed to drug for a longer period of time (> 2 weeks prior to pairing) than is 
recommended to treat patients.  Plazomicin did not adversely affect pregnancy or 
peri/postnatal development of offspring when given to rat dams during fetal 
organogenesis and through lactation.

1.3 Recommendations
1.3.1 Approvability
The pharmacologist has no objection to the approval of this NDA for plazomicin sulfate.

1.3.2 Additional Non Clinical Recommendations
None

1.3.3 Labeling
The label for this product is consistent with that for other aminoglycosides, as 
appropriate (e.g., warnings regarding nephrotoxicity, ototoxicity (including fetal), and 
neuromuscular blockade based on clinical experience as well as nonclinical data).  
Recommended wording for label sections 8.1, 8.2 (with input from DPMH, Clinical, and 
the Associate Director of Labeling for DAIP) and 13 is below.   
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8.1 Pregnancy 

Risk Summary

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

Data

Animal Data

In an embryo-fetal development study in rats, plazomicin doses of 0, 8, 25 or 50 
mg/kg/day administered subcutaneously during organogenesis did not cause drug-
related visceral or skeletal malformations, or reduce survival  of fetuses.  The mid and 
high doses caused maternal toxicity (reductions in food consumption and body weight 
gain; increased kidney weight).  The high dose resulted in maternal  exposure (AUC) 
approximately 0.8-fold the human AUC at the clinical dose of 15 mg/kg once daily. 

In an embryo-fetal development study in rabbits, plazomicin administered 
subcutaneously at doses of 0, 10, 30 or 50 mg/kg/day did not cause visceral or skeletal 
malformations or reduced fetal survival. At the high dose, significant maternal toxicity 
was observed (including renal injury and lethality) and exposure was approximately 2.5-
fold higher than the human AUC at the recommended clinical dose.

In a pre- and postnatal development study in rats, maternal animals received 
subcutaneous plazomicin at 0, 3, 8, or 30 mg/kg/day from the start of organogenesis 
through lactation. There were no adverse effects on maternal function or pre- and 
postnatal survival, development, behavior, or reproductive function of the offspring at up 
to 30 mg/kg/day (0.32-fold human AUC at the clinical daily dose of 15 mg/kg). 

8.2  Lactation 

Risk Summary 
There are no data on the presence of ZEMDRI in human milk, the effects on the 
breastfed infant, or the effects on milk production.  Plazomicin was detected in rat milk 

Reference ID: 4271449
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(see Data).  The developmental and health benefits of breastfeeding should be 
considered along with the mother's clinical need for ZEMDRI and any potential adverse 
effects on the breastfed infant from ZEMDRI or from the underlying maternal condition.

Data 

In a pre- and postnatal development study in rats, low concentrations of plazomicin in 
maternal milk were detected, with mean concentrations representing 2% to 4% of 
maternal plasma concentrations. In nursing pups, the systemic exposure (AUC) to 
plazomicin through lactational exposure was approximately 0.04% of maternal systemic 
exposure. 

13.1  Carcinogenesis, Mutagenesis, and Impairment of Fertility

Carcinogenesis

Long term carcinogenicity studies in animals have not been conducted with plazomicin. 

Mutagenesis

Plazomicin was negative for mutagenicity in an Ames test and did not induce 
chromosome aberrations in cultured human peripheral blood lymphocytes.  In vivo, a 
mouse bone marrow micronucleus assay showed no evidence of clastogenic potential.

Impairment of Fertility

In a fertility and early embryonic development study, male and female rats received 
subcutaneous plazomicin at 0, 8, 25, or 50 mg/kg/day from prior to pairing through the 
mating and postmating period.  Parental toxicity (reduced food consumption and body 
weight gain) was observed at the mid and high doses.  Plazomicin had no adverse 
effects on fertility in male rats at up to 50 mg/kg/day, resulting in an exposure (AUC) 
approximately 0.8-fold the human AUC at the clinical dose of 15 mg/kg once daily.  In 
female rats, there were no effects on estrous cyclicity or reproductive performance 
including mating indices, fertility and fecundity indices, and copulatory intervals.  At 25 
and 50 mg/kg/day, female rats had fewer corpora lutea, leading to fewer uterine 
implantation sites and viable embryos per dam.  The no observed effect level (NOEL) 
for fertility and reproductive performance in female rats was 8 mg/kg/day (0.1-fold 
human AUC).

2 Drug Information
2.1 Drug
CAS Registry Numbers: 1380078-95-4 (plazomicin sulfate); 1154757-24-0 (plazomicin 
free base
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Generic Name:  Plazomicin

Code Names: ACHN-490; A000008; C001490

Chemical Name: (2"R,3"R,4"R,5"R)-2"-[(1S,2S,3R,4S,6R)-4-amino-6-[(2'"S)-4'"-
amino-2'"-hydroxybutanamido)amino]-3-[(2'S,3'R)-3'-amino-6'-((2-
hydroxyethylamino)methyl)-3',4'-dihydro-2H-pyran-2'-yloxy]-2-
hydroxycyclohexyloxy]-5"-methyl-4"-(methylamino)tetrahydro-2Hpyran-3",5"-diol sulfate

Molecular Formula/Molecular Weight: 

Plazomicin sulfate-  C25H48N6O10•X(H2SO4) / 837.87 g/mol

Plazomicin free base- C25H48N6O10 / 592.69 g/mol

Structure:

Pharmacologic Class:  Aminoglycoside antimicrobial

2.2 Relevant INDs, NDAs, and DMFs
IND 102563

2.3 Drug Formulation
Plazomicin injection 500 mg/10 ml contains:

Plazomicin sulfate 50 mg/ml as the free base
Water for injection 10 ml
NaOH q.s. for pH adjustment to 6.5
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2.4 Comments on Novel Excipients
None

2.5 Comments on Impurities/Degradants of Concern
Impurities in the plazomicin drug product have been appropriately qualified with data 
from toxicology studies in animals.  The majority are structurally related to plazomicin 
and none are of concern.

The sponsor conducted 2 dedicated 14-day repeat dose toxicology studies in rats to 
qualify the  

 Other impurities were qualified based on 
their presence in the batches used for conducting standard toxicology testing of 
plazomicin.

The following table from the NDA submission summarizes the nonclinical toxicology 
qualification data for plazomicin impurities:

These data support the specifications for Plazomicin Injection drug product requested 
by the sponsor:

Reference ID: 4271449
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2.6 Proposed Clinical Population and Dosing Regimen
Patients (>18 years old) with complicated urinary tract (cUTI) infections or bloodstream 
infections (BSI) would receive 15 mg/kg every 24 hours given by intravenous infusion 
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over 30 minutes.  Recommended duration for cUTI therapy is 4-7 days and for BSI is 7-
14 days.

2.7 Regulatory Background
A preIND was opened for plazomicin (then known as ACHN-490) on 5/30/08.  The 
Division answered questions submitted by the sponsor under the PIND, and an IND was 
submitted on 12/19/08, permitting the initiation of clinical studies.  An advisory 
committee was held on 5/2/18 to discuss whether the sponsor had submitted substantial 
evidence of safety and effectiveness of plazomicin for treatment of complicated UTI or 
bloodstream infections.  From the standpoint of safety, there have not been any 
particular concerns regarding plazomicin when compared to aminoglycosides that are 
currently marketed.

3 Studies Submitted
3.1 Studies Reviewed
Toxicology:

ACHN-490: A 28-Day Intravenous Infusion Toxicity Study with a 28-Day Recovery 
Period in Sprague-Dawley Rats  Study Number 71147)

ACHN-490: A 28-Day Intravenous Infusion Toxicity Study with a 28-Day Recovery 
Period in Beagle Dogs  Study Number 60698)

Reproductive and Developmental Toxicology:

An Embryo-Fetal Development Study in Rabbits to Determine the Effects of 
Subcutaneous Administration of ACHN-490 (Study No. 1631-008)

Impurities:

A 14-Day Intravenous Infusion Toxicity Study of Plazomicin Impurities in Sprague-
Dawley Rats (Study No. 73464)

3.2 Studies Not Reviewed 
All nonclinical toxicology studies were reviewed.

3.3 Previous Reviews Referenced
The following studies were reviewed under IND 102563:

Safety Pharmacology:

Evaluation of the effect of ACHN-490 sulfate on the human potassium channel

Reference ID: 4271449

(b) (4)

(b) (4)



NDA 210303 Amy L. Ellis

10

using human embryonic kidney (HEK) 293 cells transfected with a human ether-ago-
go-related gene (hERG)  Study Number: 800805-1)- final report in SD-10

ACHN-490 (C001490):  An Intravenous Infusion Respiratory Safety Pharmacology 
Study in Sprague-Dawley Rats  Study No. 15066,TOX-003)- final report in SD-10

ACHN-490 (C001490): A Safety Pharmacology Study of the Central Nervous System,
Employing a Functional Observational Battery (FOB) Following a Single Intravenous 
Infusion in Male Sprague-Dawley Rats  Study No. 15071, TOX-004)- final report in 
SD-10

ACHN-490 (C001490): A Cardiovascular Safety Pharmacology Study Using 
Radiotelemetry Following a Single Intravenous Infusion in Male Conscious Beagle Dogs 
(  Study No. 10081, TOX-005)- final report in SD-10

Pharmacokinetics:

Final reports all in SD-2:

ACHN-490: The HPLC Analytical Method Validation for the Assay of ACHN-490 in 
Dosing Formulations
 
HPLC/MS/MS Assay Validation for the Determination of ACHN490 from Rat Plasma, 
Rat Urine, Dog Plasma and Dog Urine

Pharmacokinetics of C001490 in the Male CD-1 Mouse After a Single 10-mg/kg IV 
Bolus Administration (Study No. MR-112007-C001490-M-IV-PK)

Pharmacokinetics of ACHN-490 in the Male CD1 Mouse after a Single 10 mg/kg SC 
Administration (Study No. MR-111607-C001490-M-SC-PK)

Pharmacokinetics of ACHN-490 in the Male Sprague Dawley Rat After a Single 1-mg/kg 
IV Administration (Study No. MR-091807-1490(1)-R-IV-PK)

Pharmacokinetics of C001490 in the Male Sprague Dawley Rat After a Single 10 mg/kg 
IV Administration (Study No. MR-062807-C001490-R-IV-PK)

Pharmacokinetics of ACHN-490 in the Male Sprague Dawley Rat After a Single 75 
mg/kg IV Administration (Study No. MR-091807-1490(75)-R-IV-PK)

Pharmacokinetics of ACHN-490 in the Male Sprague Dawley Rat After a Single 10 
mg/kg SC Administration (Study No. MR-102207-C001490-R-SC-PK)

Pharmacokinetics of C001490 in the Male Beagle Dog After a Single 10-mg/kg IV 
Administration (Study No. -072007-C001490-D-IV-PK)

Reference ID: 4271449
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Determination of Plasma Protein Binding for C001490 and C001319 (Study No. ACH-
012208-PPB)

An exploratory non-GLP 14-day subcutaneous injection toxicity study in Sprague-
Dawley rats  Study No. 70651)

An exploratory non-GLP 14-day intravenous infusion range-finding toxicity study in 
Beagle dogs  Study No. 60362)

In vitro Metabolic Stability of ACHN-490 in Human, Cynomolgus Monkey, Dog, Rabbit, 
Rat, and Mouse Liver Microsomes (Study No. ACH-092807-C001490-MS)

In vitro Metabolic Stability of ACHN-490 in Human, Cynomolgus Monkey, Dog, Rabbit, 
Rat, and Mouse Liver Microsomes (Study No. ACH-090507-C001490-MS)

Plasma Stability of C001490 (Study No. ACH-011008-C001490-PS)

In-Vitro Metabolic Stability Study of ACHN-490 in Human, Primate, Dog, Rat, and 
Mouse Liver Hepatocytes (Study No. ACH-092908-C001490-HS)

Urinary Excretion of ACHN-490 in the Male Sprague Dawley Rat after a single 10 mg/kg 
IV administration (Study No. MR-012408-C001490-R-IV-MB)

Final reports in SD-172:

Tissue Distribution and Excretion Balance of [14C]-Plazomicin following a 30 Minute 
Intravenous (IV) Infusion Administration to Rats (Study No. -719008)

Excretion Balance of [14C]-Plazomicin following a 30 Minute Intravenous (IV) Infusion 
Administration to Beagle Dogs (Study No. -719009)

Toxicology:

ACHN-490 (C001490): An Acute Intravenous Infusion Toxicity Study in Sprague Dawley 
Rats  Study No. 70589; TOX006)- final report in SD-10

An exploratory non-GLP 14-day subcutaneous injection toxicity study in Sprague-
Dawley rats  Study No. 70651)- final report in SD-2

ACHN-490 (C001490): A 14-Day Intravenous Infusion Toxicity Study With a 28-Day
Recovery Period in Sprague-Dawley Rats ( Study No. 70590; TOX001)- final report 
in SD-10

An exploratory non-GLP 14-day intravenous infusion range-finding toxicity study in
Beagle dogs ( Study No. 60362)- final report in SD-2
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ACHN-490 (C001490): A 14-Day Intravenous Infusion Toxicity Study With a
28-Day Recovery Period in Beagle Dogs ( Study No. 60359; TOX002)- final report in 
SD-10

Genotoxicity (all final reports in SD-10):

ACHN-490 Bacterial Mutation Test (Study No. 962423; GENOTOX001)

ACHN-490 Chromosome Aberration Test (Study No. 962424; GENOTOX002)

ACHN-490 Mouse Micronucleus Test (Study No. 962425; GENOTOX003)

Reproductive and Developmental Toxicology:

ACHN-490: A Subcutaneous Study of Fertility and Early Embryonic Development to 
Implantation in Rats (Study No. 1631-006)- final report in SD-64

ACHN-490: A Subcutaneous Study for Effects on Embryo-Fetal Development in Rats 
(Study No. 1631-002)- final report in SD-30

ACHN-490: A Pilot Developmental Toxicity Study in New Zealand White Rabbits After 
Subcutaneous Administration of ACHN-490 (Study No. 1631-007)- final report in SD-97

A Subcutaneous Injection Study of the Effects of ACHN-490 on Pre- and Postnatal 
Development, Including Maternal Function in Rats (Study No. -719012)- final report 
in SD-182

Special Toxicology Study/Ototoxicity (final reports in SD-30):

2-Week Pilot Ototoxicity Study of Two Aminoglycoside Antibiotics in Guinea Pigs (Study 
No. 1631-001)

28-Day Definitive Ototoxicity Study of ACHN-490 in Guinea Pigs (Study No. 1631-003)

Qualification of Impurities:

% enhanced level in Lot # RMT-005-53A):

ACHN-490: A 14-Day Intravenous Infusion Toxicity Study With a 28-Day Recovery 
Period in Sprague-Dawley Rats (Study No. 71171) SD-38 draft, Final report in SD-43

ACHN-490 Chromosome Aberration Test (Study No. 963814), Final report in SD-38
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4 Pharmacology
4.1 Primary Pharmacology
As an aminoglycoside antimicrobial, ACHN-490 kills bacteria by inhibiting protein 
synthesis via ribosomal binding.

4.2 Secondary Pharmacology
N/A

4.3 Safety Pharmacology
Plazomicin at a concentration of 3000 µg/ml inhibited the hERG tail current by 36.6% in 
HEK 293 cells.  This was the highest concentration in the study, so an IC50 could not be 
calculated.  Single doses of up to 25 mg/kg infused intravenously over 20 minutes to 
beagle dogs were not associated with changes in ECG, blood pressure, or body 
temperature.

Single doses of plazomicin of up to 80 mg/kg infused intravenously over 20 minutes to 
rats did not cause any drug-related changes in respiratory parameters (tidal volume, 
respiratory rate, and minute volume) or the CNS (behavioral, 
neurological/neuromuscular, autonomic parameters assessed using a Functional 
Observation Battery).  However, clinical signs suggestive of neural blockade were 
observed in rats following plazomicin doses > 150 mg/kg in a single dose toxicity study.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
The pharmacokinetics of plazomicin have been studied in rats, dogs, mice and monkeys 
(both cynomolgus and African green).

Plazomicin is substantially absorbed (100% bioavailable) following subcutaneous 
administration.  Although this route is not planned for human use, it was used to 
conduct a number of toxicology studies to facilitate dosing (e.g., reproductive and 
developmental toxicology studies, mouse micronucleus study, guinea pig ototoxcity 
studies).

Plasma protein binding of plazomicin is low (< 21%) in rats, dogs, rabbits, mice, 
cynomolgus monkeys, and humans.  It does not partition to RBCs.

Whole body autoradiography in rats dosed with 14C-plazomicin showed wide tissue 
distribution, with highest concentrations in the kidneys, especially the renal cortex.
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Plazomicin does not undergo significant metabolism.  Incubation of plazomicin with 
hepatocytes or liver microsomes from rats, dogs, rabbits, mice, cynomolgus monkeys, 
or humans did not reveal metabolites.  Studies in rats and dogs showed that plazomicin 
was primarily excreted via the kidneys as unchanged drug.

Plazomicin was detected in the milk of lactating rats following subcutaneous injection, 
but levels were relatively low (<5% of plasma concentration).

No accumulation of plazomicin in plasma was observed in rats or dogs with up to 28 
days of dosing at up to 80 or 25 mg/kg/day, respectively, in the absence of severe 
nephrotoxicity.  Although nephrotoxicity was observed at these doses, kidney function 
was adequate to eliminate the drug in the majority of animals.  Because plazomicin is 
eliminated primarily by renal excretion, accumulation would be expected when kidney 
function is impaired.  This was observed in the 28-day dog toxicity study in one male 
that was found to have severe nephrotoxicity.

The tables below from the NDA submission summarize PK parameters of plazomicin in 
several animal species after IV or SC dosing:

Reference ID: 4271449
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5.2 Toxicokinetics 
Toxicokinetic reports were included with the majority of the repeat dose toxicity studies 
conducted with plazomicin.  They provided exposure levels in the test animal species 
that could be compared to those observed in humans, facilitating the evaluation of 
safety.  There were no significant gender differences in TK parameters.

The following tables from the NDA submission summarize TK parameters following 
repeated plazomicin administration in rats and dogs in the pivotal toxicology studies:
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The following tables from the NDA submission summarize TK parameters from 
pregnant or lactating rats and pups and pregnant rabbits in reproductive and 
developmental toxicology studies:
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6 General Toxicology
6.1 Single-Dose Toxicity
A single IV dose of 100 mg/kg administered over 20 minutes was the NOAEL for rats in 
an acute toxicity study with plazomicin.  Mortality, clinical signs of toxicity (some 
suggestive of possible neural blockade), and nephrotoxicity were observed at 150 and 
200 mg/kg.

6.2 Repeat-Dose Toxicity
Pivotal studies of 14 and 28 days were conducted with plazomicin in rats and dogs.  
Reviews for the 28-day studies are below.  The primary target organ of toxicity was the 
kidney.  Mild suppression of erythropoiesis with resulting mild anemia was observed in 
rats, but not in dogs.  This effect could be secondary to renal toxicity, if erythropoietin 
production in the kidney was impaired.

At the infusion sites, dermal/subcutaneous fibrosis and/or mixed cell infiltrate was more 
common in dogs treated with ACHN-490 than controls, indicating irritation of the test 
article.  This was no longer present at the end of the recovery period.
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ACHN-490: A 28-Day Intravenous Infusion Toxicity Study with a 28-Day 
Recovery Period in Sprague-Dawley Rats  

Study no.: 71147
Study report location:

Conducting laboratory and location:

Date of study initiation: 4/26/13
GLP compliance: U.S. and OECD GLP

QA statement: Yes
Drug, lot #, and % purity: ACHN-490 (plazomicin), Batch No. 

17KJ01.HQ00003, 99.4% pure

Key Study Findings
The kidney is the target organ of plazomicin toxicity in rats.  The drug also appears to 
be associated with a mild suppression of erythropoiesis, which could be secondary to 
nephrotoxicity (possible reduction in erythropoietin production by the kidneys), as both 
findings were observed at the same dose levels.  This 28-day study did not uncover 
additional target organs of toxicity that were not observed after 14 days of dosing in 
previous studies.

Degeneration/regeneration of the proximal renal tubules and single cell necrosis of the 
tubular epithelium was observed in all animals from the mid and high dose groups, 30 
and 80 mg/kg/day, with dose-related severity.  Single cell necrosis of the tubular 
epithelium and tubular dilatation were also observed, with the greatest incidence and 
severity in high dose males. Significant recovery occurred over the course of a 28-day 
drug-free period.  Dose-related serum chemistry changes associated with renal toxicity 
were observed in the mid and high dose groups sacrificed at the end of the 28-day 
dosing period.  Mean serum urea and creatinine levels in the 30 and 80 mg/kg dose 
groups were significantly higher than controls (especially in the high dose males), but 
these parameters returned to control levels the high dose rats by the end of the 
recovery period.

Although there was no NOAEL in the current study, the low dose of 8 mg/kg/day was a 
NOAEL after 14 days of dosing in this rat species in a previous study.  The kidney 
findings observed in a few low dose males after 28 days of dosing were minimal and not 
associated with any changes in serum chemistry, although they appeared related to 
plazomicin.
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(b) (4)



NDA 210303 Amy L. Ellis

21

Methods
Doses: 0 (vehicle control), 8, 30, and 80 mg/kg/day

Frequency of dosing: Once daily
Route of administration: IV catheter implanted into the femoral vein

Dose volume: 3 ml/kg dose volume infused over 20 minutes
Formulation/Vehicle: 100 mg/ml stock solution of ACHN-490 was 

prepared in sterile water for injection and diluted 
with 0.9% saline to obtain the correct 
concentration for each dose

Species/Strain: Sprague-Dawley rats (Crl:CD (SD))
Number/Sex/Group: 10/sex/group

Age: 10 to 11 weeks at start of dosing
Weight: 320 to 420g males and 220 to 296g females

Satellite groups: 5/sex/dose/group of the control and high dose 
rats for recovery; 6/sex/group at each dose of 
ACHN-490 and 3/sex/group of vehicle rats for 
toxicokinetics

Unique study design: Rats were dosed daily for 28 days.  Animals in 
the main toxicity study group were sacrificed the 
day after the final dose was administered and 
rats in the recovery groups were sacrificed 28 
days later.

Deviation from study protocol: Nothing that would be expected to affect study 
integrity.

Observations and Results
Mortality
Rats were checked for viability at least once daily.  There was no mortality related to 
plazomicin.

One high dose female from the TK group died on Day 8 during catheter repair surgery.

Clinical Signs
Cage-side observations were recorded once daily.  Detailed clinical examinations were 
performed prior to the initiation of treatment, weekly during the treatment and recovery 
periods, and prior to sacrifice/necropsy.  No clinical signs of toxicity were observed in 
any of the rats.

Body Weights
Rats were weighed prior to the initiation of dosing, on Days 3, 7, 10, 14, 17, 21, 24 and 
28 of treatment, Days 31, 35, 38, 42, 45, 49, 52, and 56 during recovery, and prior to 
necropsy.
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Mean body weights did not differ from control animals at the low or mid dose of 
plazomicin.  Body weight gain in the high dose males was reduced compared to 
controls, leading to a statistically significant reduction in mean body weight by Day 24 
(about 10%, p<0.05 on Day 24 and p<0.01 on Day 28).  Body weight gain was also less 
than control in the mid dose males, but the difference in mean body weight between this 
group and control did not reach statistical significance.  By the end of the recovery 
period, the difference in mean body weight between the control and high dose males 
was no longer statistically significant.

Feed Consumption
Recorded weekly.  Food consumption at the low dose of plazomicin (both sexes) or mid 
dose females did not differ significantly from control.  From Days 22-28, there was a 
15% decrease in mid dose males (p<0.01).  Beginning on Day 8, 10-20% reductions in 
the high dose males and females (p<0.01) were seen throughout the remainder of the 
dosing period.

Ophthalmoscopy
Fundoscopy and biomicroscopy were performed prior to treatment and on main study 
animals near the end of treatment.  There were no ocular changes that appeared 
related to plazomicin.

Hematology
Blood samples were collected from fasted animals at the time of sacrifice.  There were 
no changes that appeared drug-related in the low dose group.

An approximately 40% reduction in the number and percentage of reticulocytes was 
observed in the mid dose males (p<0.01).  

At the high dose, there was a greater reduction in reticulocyte parameters, and 
reductions in several RBC parameters were observed, as summarized in the following 
table from the study report:

Reference ID: 4271449



NDA 210303 Amy L. Ellis

23

Evidence of recovery (note the reticulocyte parameters), though incomplete, was 
observed after 28 days:

Bone marrow analysis at the end of treatment showed an increased M/E ratio and mild 
erythroid hypoplasia in about half of the high dose rats, consistent with the mild anemia 
observed in this group.  Erythroid hypoplasia was not observed at the end of recovery.

Clinical Chemistry
Blood samples were collected from fasted animals at the time of sacrifice.  Mean serum 
urea and creatinine levels in the 30 and 80 mg/kg dose groups were significantly higher 
than controls at the end of the dosing period, but these parameters returned to control 
levels the high dose rats by the end of the recovery period.

From the study report:
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Urinalysis
Urine samples were collected overnight while animals were being fasted prior to 
necropsy.  A few animals from different dose groups did not produce a urine specimen 
and cystocentesis was performed in an attempt to collect urine.  It was only successful 
in one case, but there were enough specimens collected in each dose group to allow 
conclusions to be drawn from the data.  Urinalysis did not reveal drug-related changes.

Gross Pathology
Dose-related macroscopic kidney findings (see table from the study report, below), 
correlated with microscopic changes indicative of nephrotoxicity.  Macroscopic findings 
were not observed in kidneys from recovery animals.
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Organ Weights
Absolute and relative mean kidney weights were both significantly (p<0.01-0.001) higher 
than controls in mid and high dose rats sacrificed at the end of the treatment period.  
These weights remained elevated at the end of recovery.

Histopathology
Adequate Battery- Yes

Peer Review- Not mentioned.

Histological Findings- All collected tissues were evaluated microscopically in the control 
and high dose rats and in any main study animal found dead.  Gross lesions from rats in 
all toxicology groups underwent histopathologic evaluation as did the kidneys from the 
low and mid dose animals.

Degeneration/regeneration of the proximal renal tubules was observed bilaterally in rats 
treated with plazomicin.  Incidence and severity were dose-related.  At the 8 mg/kg low 
dose, the severity was minimal and it was observed only in about half of the males and 
no females.  In the 30 mg/kg and 80 mg/kg ACHN-490 dose groups all rats were 
affected, with severity rated mild at the mid dose and moderate to severe at the high 
dose.  Single cell necrosis of the tubular epithelium and tubular dilatation were also 
observed, with the greatest incidence and severity in high dose males.  At the end of the 
recovery period, the female high dose rats had no drug-related microscopic renal 
findings.  Although renal findings were still present in the high dose males, severity was 
reduced, indicating significant recovery after the cessation of dosing.

Microscopic changes at the infusion site (e.g., endothelial hyperplasia, vascular 
inflammation, free/mural thrombus) were similar between the vehicle control and high 
dose rats.

Microscopic observations in target tissues are summarized in the following tables from 
the study report:
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Toxicokinetics
Blood samples for TK were drawn from 3 satellite animals per time point on Days 1 and 
28 of treatment approximately 15 minutes after the start of infusion, at the end of 
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infusion and 5 minutes, 20 minutes, 1 hr, 4 hrs, 8 hrs, and 24 hrs after the end of 
infusion.  The first and last 3 rats in each group were sampled at alternating time points.  
The vehicle control rats were sampled only once, 15 minutes after the start of infusion.  
In addition, urine was collected from all TK animals on Days 2 and 13 for an 18 hour 
period.  Frozen plasma and urine samples were shipped to  

 for analysis using HPLC with tandem MS detection.

There did not appear to be any significant differences in TK parameters between male 
and female rats.  Exposure was generally dose-proportional and linear.  There did not 
appear to be any accumulation of ACHN-490 during the 28 day treatment period at the 
doses used in this study.

From the study report:

Dosing Solution Analysis
All dosing solutions were within 10% of their intended concentrations (93.8-98.1%).

Reference ID: 4271449

(b) (4)



NDA 210303 Amy L. Ellis

28

ACHN-490: A 28-Day Intravenous Infusion Toxicity Study With a 28-Day 
Recovery Period in Beagle Dogs
Study no.: 60698
Study report location:
Conducting laboratory and location:

Date of study initiation: 4/26/13
GLP compliance: U.S. and OECD GLP
QA statement: Yes
Drug, lot #, and % purity: ACHN-490, Batch No. 17KJ01.HQ00003, 

99.4% pure

Key Study Findings

The NOAEL for plazomicin in the 28-day dog study was the mid dose of 10 mg/kg/day.  
The kidney was the target organ of toxicity for plazomicin in dogs.  Minimal to severe 
degeneration/regeneration of the kidneys was observed in all 25 mg/kg high dose dogs, 
accompanied by minimal to mild mononuclear/inflammatory cell infiltrate in the majority.  
One high dose male exhibited signs of severe nephrotoxicity during the last week of 
dosing including clinical signs and changes in serum chemistry.  This animal survived 
until scheduled sacrifice on Day 29 with veterinary support including canned food and 
infusions of Lactated Ringers Solution.  Kidney lesions were still observed in high dose 
dogs after a 28-day recovery period, but the severity was reduced, indicating some 
recovery.  At the infusion sites, dermal/subcutaneous fibrosis and/or mixed cell infiltrate 
was more common in dogs treated with plazomicin than controls, indicating irritation of 
the test article.  This was no longer present at the end of the recovery period.

Methods
Doses: 0 (vehicle control), 3, 10, and 25 mg/kg/day
Frequency of dosing: Once daily
Route of administration: IV into a saphenous or cephalic vein
Dose volume: 1 ml/kg dose volume infused over 20 minutes
Formulation/Vehicle: 100 mg/ml stock solution of ACHN-490 was 

prepared in sterile water for injection and diluted 
with 0.9% saline to obtain the correct 
concentration for each dose. 

Species/Strain: Beagle dogs
Number/Sex/Group: 3/sex/group
Age: 7-9 months at the initiation of dosing
Weight: 6.3 to 8.4 kg males and 5.3 to 8.0 kg females
Satellite groups: 2/sex/dose/group at control and high dose for 

recovery.
Unique study design: Dogs were dosed daily for 28 days.  Animals in 

the main toxicity study group were sacrificed the 
day after the final dose was administered and 
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those in the recovery groups were sacrificed 28 
days later.

Deviation from study protocol: Nothing that would be expected to affect study 
integrity.

Observations and Results
Mortality
Dogs were checked for viability at least once daily.  None of the animals died prior to 
scheduled sacrifice.

Clinical Signs
Cage-side observations were recorded once daily.  During the dosing period, this 
occurred 15-30 minutes after the end of infusion.  Detailed clinical examinations were 
performed prior to the initiation of treatment, weekly during the treatment and recovery 
periods, and prior to sacrifice/necropsy.

No clinical signs of toxicity were observed in low or mid dose dogs.

One high dose male had reduced activity on Days 27-29 and an episode of emesis on 
Day 27.  These signs were considered secondary to severe nephrotoxicity (confirmed 
histopathologically at necropsy).

Body Weights
Dogs were weighed prior to the initiation of dosing, on Days 3, 7, 10, 14, 17, 21, 24, and 
28 of treatment, on Days 31, 35, 38, 42, 45, 49, 52, and 56 during recovery, and prior to 
necropsy.  Mean body weights did not differ between control dogs and those treated 
with plazomicin.  However, the high dose male with severe nephrotoxicity exhibited 
decreased body weight beginning on Day 21.

Feed Consumption
Recorded daily.  Although there were no differences in mean food consumption 
between control and plazomicin-treated groups, the high dose male later found to have 
severe nephrotoxicity had reduced food intake beginning on Day 19 and barely ate 
between Days 23-28.  This dog was offered canned food on Days 25-28 and received 
Lactated Ringers Solution on Days 26-28 when dehydration was noted.

Ophthalmoscopy
Fundoscopy and biomicroscopy were performed prior to treatment and at the end of 
treatment.  There were no ocular changes that appeared related to plazomicin.

ECG
Performed prior to treatment, on Days 14 and 25 of dosing approximately 30 minutes 
and 3 and 24 hours after administration, and near the end of the recovery period.

No treatment-related changes were observed.
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Hematology
Blood samples were collected from fasted animals prior to the initiation of dosing and at 
the time of sacrifice. There were no changes in hematology or coagulation parameters 
that appeared to drug-related, with the exception of increased APPT in the high dose 
male with severe nephrotoxicity.

Clinical Chemistry
Blood samples were collected from fasted animals prior to the initiation of dosing and at 
the time of sacrifice.  There were no significant differences in mean values between 
control and low or mid dose dogs, or high dose females.  Mean serum urea, creatinine 
and BUN levels high dose male dogs were elevated compared to controls, but this was 
driven by extremely high values from the dog with severe nephrotoxicity.

After the 28-day recovery period, one high dose male had slightly elevated urea and 
BUN levels compared to concurrent controls and reference values.

Urinalysis
Urine samples were collected overnight while animals were being fasted prior to the 
initiation of dosing and before necropsy.  Urinalysis did not reveal drug-related changes 
with the exception of the high dose male with severe nephrotoxicity that produced a 
high volume of urine with low specific gravity (Day 28-29 collection).

Gross Pathology
Pale discoloration of the kidneys was observed in 1/6 low dose dogs, 1/6 mid dose 
dogs, and 3/6 high dose dogs.  This was considered treatment-related.  At the end of 
recovery, 3/4 dogs had pale kidneys.

Dark discoloration of the dosing site was observed in 4/6 control dogs and all dogs that 
were treated with plazomicin, suggesting exacerbation of procedure-related irritation by 
the drug.  It was no longer observed after the recovery period.

Organ Weights
Absolute and relative mean kidney weights were both higher in all groups of plazomicin-
treated females and mid and high dose males sacrificed at the end of the treatment 
period compared to controls.  The increase was statistically significant only at the high 
dose (p<0.05).  After recovery, there were no significant differences in absolute or 
relative kidney weights between the control and high dose groups.

Histopathology
Adequate Battery- Yes

Peer Review- Not mentioned

Histological Findings-  All collected tissues were evaluated microscopically.
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Drug-related changes were observed in the kidneys of the high dose dogs, but not at 
the mid or low doses.  At 25 mg/kg/day, all 6 dogs exhibited tubular 
degeneration/regeneration of the kidneys, accompanied by minimal to mild 
mononuclear/inflammatory cell infiltrate in all but 1 dog (female).  It was more severe in 
the males (1 each rated minimal, moderate and severe) than the females (2 minimal, 1 
mild).  Mild tubular necrosis was observed in 2 of the males, with moderate tubular 
dilatation in one of these.  At the recovery sacrifice, kidneys from the 4 high dose dogs 
exhibited minimal to mild tubular regeneration associated with mononuclear cell infiltrate 
in one of the males.

The main study high dose male with severe tubular degeneration/regeneration exhibited 
additional findings (e.g., inflammatory cell infiltrate of lungs, atrophy of exocrine 
pancreas, decreased cellularity of thymus and GALT, inflammation/mineralization of 
stomach mucosa) associated with uremia.

A different main study high dose male was diagnosed with malignant hemangiosarcoma 
that had spread to abdominal connective tissue, liver, and sternal bone marrow.  This 
finding was not considered drug-related considering the short course of administration.  

At the infusion sites, dermal/subcutaneous fibrosis and/or mixed cell infiltrate was more 
common and at greater severity in dogs treated with plazomicin than controls, indicating 
test article irritation.  This irritation was not observed at the end of the recovery period.

Toxicokinetics
Blood samples for TK were drawn on Days 1 and 28 of treatment prior to dosing, 
approximately 15 minutes after the start of infusion, at the end of infusion, and 5 
minutes, 20 minutes, 1 hr, 4 hrs, 8 hrs, and 24 hrs after the end of infusion.  Frozen 
plasma samples were shipped to  for analysis using 
HPLC with tandem MS detection (LLOQ < 0.0200 µg/ml).

There did not appear to be any significant differences in TK parameters between male 
and female dogs.  The high dose male later diagnosed with severe nephrotoxicity was 
excluded from the comparison between male and female TK data because the 
exposure values on Day 28 were due to kidney failure and not a sex difference.  Group 
mean values were calculated with and without this dog, as it was an outlier compared 
with other members of the treatment group on Day 28.  Exposure was generally dose-
proportional and linear (excluding the outlier dog on Day 28).  There did not appear to 
be any accumulation of plazomicin during the 28 day treatment period at the doses 
used in this study with the exception of the high dose male with severe nephrotoxicity.

From the submission:

Reference ID: 4271449

(b) (4)



NDA 210303 Amy L. Ellis

32

Dosing Solution Analysis
All dosing solutions were within 10% of their intended concentrations (94.2-97%).

7 Genetic Toxicology
Plazomicin was not genotoxic.  It was negative in the Ames reverse mutation assay 
using S. typhimurium strains TA1535, TA1537,TA98, TA100 and E. coli strain WP2 
uvrA at concentrations up to 128 µg/plate, +S-9.  Plazomicin was not clastogenic to 
cultured human peripheral blood lymphocytes at concentrations up to 5000 µg/ml, 
regardless of metabolic activation.  Micronuclei were not observed in the bone marrow 
of mice given single subcutaneous doses of plazomicin up to 75 mg/kg.
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9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development
In a study of fertility and early embryonic development, male and female rats were 
treated with 8, 25, or 50 mg/kg/day of plazomicin. The overall NOEL for fertility in this 
study was the low dose of 8 mg/kg.  There was a dose-related decrease in the number 
of corpora lutea at > 25 mg/kg.  As a consequence, the numbers of implantation sites 
and viable embryos per dam were also reduced.  Neither pre- nor post-implantation loss 
was increased in the groups treated with plazomicin.  No effects on reproductive 
performance, estrous cyclicity, or sperm parameters (motility, concentration, % 
abnormal) were observed up to the high dose of 50 mg/kg/day.  Dose related increases 
in mean kidney weights were seen in all groups treated with plazomicin.  Males (who 
were treated for a longer period of time) showed other gross kidney changes including 
visible enlargement of both the kidneys and renal lymph nodes, with irregular surface of 
the kidneys noted in some animals at 25 and 50 mg/kg.  Some males showed signs of 
clinical toxicity at the high dose.  Treatment-related reductions in body weight gain and 
food consumption were observed in both male and female animals at > 25 mg/kg, with 
body weight loss occurring in some animals during the second or third weeks of 
treatment.

9.2 Embryonic Fetal Development
In rats, subcutaneous doses of plazomicin up to 50 mg/kg/day administered during 
organogenesis were not associated with a higher incidence of fetal visceral or skeletal 
malformations than observed in controls.  At the high dose of 50 mg/kg, there were 
signs of delayed fetal development (increased incidences of the visceral variations 
dilated ureter and increased cavitation of the renal pelvis as well as incomplete 
ossification).  Although not statistically significant, mean fetal weight was lower at the 
high dose than control for both sexes.  These observations may have been related to 
maternal toxicity and were not observed at the mid dose of 25 mg/kg/day, the NOAEL 
for fetal effects.  Increased absolute and relative kidney weights in the dams were seen 
at > 25 mg/kg/day (p<0.01).  Body weight gain in the dams was significantly reduced at 
the high dose beginning at the GD 9-12 interval, with the mean body weight in this 
group 6% less than controls on GD 20.  A slight, but statistically significant reduction in 
food consumption was observed at 50 mg/kg beginning at the GD 12-15 interval.  At 
some intervals during the dosing period, body weight gain in the mid dose dams was 
also significantly reduced compared to control, but the reduction was smaller than was 
observed at the high dose.  The final mean body weight in the mid dose group was less 
than the control, although not statistically significant.  The NOAEL for maternal toxicity 
was the low dose of 8 mg/kg/day.

The pivotal rabbit developmental toxicology study is reviewed below.  As with rats, 
plazomicin did not cause an increased incidence of fetal visceral or skeletal 
malformations at doses up to 50 mg/kg/day, but dose-related maternal toxicity was 
observed at > 30 mg/kg/day.
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An Embryo-Fetal Development Study in Rabbits to Determine the Effects of 
Subcutaneous Administration of ACHN-490 

Study no.: 1631-008
Study report location:

Conducting laboratory and location:
Date of study initiation: 4/26/13

GLP compliance: U.S. GLP
QA statement: Yes

Drug, lot #, and % purity: ACHN-490 (plazomicin), Batch No. 
17KJ01.HQ00003, 98.9% pure

Key Study Findings
Plazomicin treatment did not increase the incidence of external, visceral, or skeletal 
malformations in the offspring of rabbits dosed with up to 50 mg/kg/day during 
organogenesis.  Significant maternal toxicity, including mortality, was observed at 50 
mg/kg.  Observations in the affected animals were consistent with renal toxicity.  The 
NOAEL for maternal toxicity was the low dose of 10 mg/kg/day, based on increased 
mean kidney weight at 30 mg/kg/day.

Methods
Doses: 0 (vehicle), 10, 30, and 50 mg/kg

Frequency of dosing: Once daily
Dose volume: 1 ml/kg

Route of administration: Subcutaneous injection (rotated daily between 
the thoracic and lumbar regions)

Formulation/Vehicle: 100 mg/ml stock solution of ACHN-490 was 
prepared in sterile water for injection and diluted 
with 0.9% saline to obtain the correct 
concentration for each dose.

Species/Strain: New Zealand White Hra:(NZW)SPF rabbits 
(time-mated)

Number/Group: 23
Satellite groups: 4/dose level for TK

Study design: Test article was administered from GD 6-18.  
Does were sacrificed on GD 29 and Cesarean 
section was performed.  Kidney weights of the 
does were recorded.  Blood samples for clinical 
chemistry were taken from all animals on GD 6 
(prior to dosing) and on GD 19.  Three high 
dose main study females also had clinical 
chemistry performed around GD 15-17 to 
assess their condition.  Fetuses were examined 
for visceral abnormalities using fresh tissue 
dissection before being prepared for KOH 
maceration and staining with Alizarin Red S for 
skeletal examination.
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Deviation from study protocol: Nothing expected to affect study outcome.

Observations and Results
Mortality
Rabbits were checked twice daily.  One doe in the 50 mg/kg group was sacrificed on 
GD 20 due to poor condition, apparently due to renal injury.  Another high dose doe 
aborted its litter on GD 27.

Clinical Signs
Rabbits underwent detailed clinical observation daily from GD 6-29, about 30-60 
minutes after dosing.

Prior to euthanasia, the high dose doe showed decreased activity, breathing difficulty, 
low carriage, and decreased urination.

Few or absent feces was observed more frequently in high dose does than in the other 
groups.  In the mid and low dose rabbits, it appeared related to late gestation 
inappetence, but at the high dose, it was related to reduced food consumption.

A dose-related increase in the incidence of animals with red/orange discolored urine 
was observed in the plazomicin-treated does.  It was not observed until GD 19 or later 
in the low and mid dose animals, but was seen as soon as GD 12 at the high dose.  It 
was not due to the presence of blood (except in one animal), but may have been due to 
porphyrin, possibly secondary to stress and dehydration.

Body Weight
Body weights were measured on GD 0 (day of receipt), 6, 10, 13, 16, 19, 21, 25,
and 29.  Individual body weight change was calculated for the following GD intervals: 0-
6, 6-10, 10-13, 13-16, 16-19, 19-21, 21-25, 25-29, 6-19, 19-29, and 0-29. Adjusted body
weight (GD 29 body weight minus gravid uterine weight) and adjusted body weight 
change (GD 0 to 29) were also calculated.

There were no drug-related effects on mean body weight or mean body weight change 
in the low or mid dose groups.  At the high dose, body weight gain was reduced by 
approximately 50% compared to controls, correlating with the reduced food 
consumption observed in that treatment group.

Feed Consumption
Recorded daily.  Mean food consumption was similar in the control, low, and mid dose 
groups.  At the high dose, food consumption was reduced compared to controls 
beginning in the GD 13-16 interval, and persisting throughout the dosing period and 
until GD 21.
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Toxicokinetics
On GD 6 and 18 (first and last dosing days), blood samples for TK were drawn 15 and 
30 minutes and 1, 4, 8, and 24 hours after dosing.  In addition, a predose sample was 
drawn on GD 18.  Plasma was frozen and shipped to  
for analysis using HPLC with tandem MS detection (LLOQ < 0.005 µg/ml).

This table from the study report (below) summarizes the TK parameters for plazomicin 
after subcutaneous administration to pregnant rabbits.  The doses in the table are exact 
doses calculated based on the results of the dosing solution analysis.

Dosing Solution Analysis
Dosing solutions were within 10% of intended concentration (92.4-94.1%).

Necropsy
Clinical chemistry data showed dose-related increases in mean BUN and creatinine 
levels in serum from mid and high dose rats.  At the high dose, individual animals had 
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up to 16-20-fold increases in these parameters, indicative of nephrotoxicity.  Mean 
absolute and relative kidney weights in the mid and high dose groups were 12-15% 
higher than control.

Cesarean Section Data
The number of nonpregnant rabbits in the control, low, mid, and high dose groups was 
2, 0, 4, and 1, respectively.  In the high dose group, one doe was sacrificed early due to 
poor condition and one aborted.  Thus, there were 21, 23, 19, and 20 evaluable litters in 
each treatment group.  The numbers of corpora lutea and implantation sites were 
similar amongst the groups and preimplantation loss did not differ between them.

The litters contained similar numbers of fetuses and there were no differences in early 
or late resorptions. Plazomicin did not affect postimplantation loss.

Gravid uterine weights were also similar between control and plazomicin groups.

Offspring
There were no treatment-related effects on mean fetal body weights or the fetal sex 
ratio.

Plazomicin was not associated with an increased incidence of external, visceral, or 
skeletal malformations in offspring from does that received up to 50 mg/kg/day during 
organogenesis.

9.3 Prenatal and Postnatal Development
In a study to determine the effects of plazomicin on pre/postnatal development in rats, 
dams were dosed subcutaneously from GD 6 through LD 20 with 0, 3, 8, or 30 
mg/kg/day.  Clinical signs of maternal toxicity were not observed in this study and body 
weight gain and food consumption were not adversely affected by treatment.  However, 
absolute and relative kidney weights in the mid and high dose dams were higher than 
controls, similar to previous rat studies.  Neither length of gestation nor parturition 
differed between control and plazomicin-treated groups.  Pup survival and development 
(including the attainment of developmental landmarks) were not affected by plazomicin 
treatment.  Reproductive competence of the F1 offspring was comparable between 
control and plazomicin-treated groups.

Levels of plazomicin were measured not only in plasma from dams to permit TK 
analysis (LD 9), but also in their milk (LD 11) and pups (PND 10).  Exposure (AUC) in 
the dams was about one third of that observed in humans after the recommended dose 
of 15 mg/kg/day, though Cmax was about 50% higher.  Milk concentration was very low, 
even at the high dose (slightly more than 1 µg/ml) and pup exposure was >1000 less 
than maternal exposure.

Reference ID: 4271449



NDA 210303 Amy L. Ellis

38

10 Special Toxicology Studies
A 14-day study to assess the ototoxicity of plazomicin was conducted in guinea pigs 
(6/sex) at doses of 8, 30, and 80 mg/kg/day (administered subcutaneously).  Auditory 
Brainstem Response was evaluated prior to dosing and on Day 29 (the day prior to 
sacrifice/necropsy).  There were no changes in ABR threshold that appeared to be 
related to plazomicin at the doses used in this study. Examination of the middle ear 
using a dissecting microscope revealed no changes that appeared drug-related.  
Microscopic evaluation of tissue samples from the middle ear, ossicle, and auditory 
nerve showed no drug-related changes.  Examination of the cochlea/organ of Corti did 
not show evidence of hair loss that appeared to be related to plazomicin.  Toxicokinetic 
evaluation showed that the AUC value for guinea pigs on Day 14 at 80 mg/kg was 
approximately 2-fold higher than observed in human patients treated with multiple doses 
of plazomicin at 15 mg/kg given IV over 30 minutes once daily.  The Cmax in guinea 
pigs was about 5-6-fold higher than that seen in humans at these doses.

In contrast, when gentamicin was administered to guinea pigs at 80 mg/kg/day for 14 
days, significant ototoxicity was observed (increased ABR threshold values and 
cochlear hair cell loss).

The following study was performed at  to qualify 3 
plazomicin-associated impurities that were not present (or were present at levels too 
low to permit qualification) in batches of plazomicin used for toxicology testing:

A 14-Day Intravenous Infusion Toxicity Study of Plazomicin Impurities in 
Sprague-Dawley Rats (Study No. 73464)

Summary:  The impurities in the table below (from the study report) were administered 
by daily intravenous infusions for 14 consecutive days to Sprague-Dawley rats.

This study was performed in the same manner with the same endpoints that were 
evaluated in the 14- and 28-day rat studies that were conducted with plazomicin.  No 
unscheduled mortality occurred in this study and no clinical signs of toxicity were 
observed.  These impurities had no effect on body weight gain, food consumption, 
hematology, clinical chemistry, or urinalysis parameters.  Ophthalmoscopy did not 
reveal any changes.  Necropsy did not reveal any compound-related changes, including 
differences in organ weights, gross or microscopic findings.  Thus, the NOAELs for the 
impurities are the dose levels shown above.
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11 Integrated Summary and Safety Evaluation
Plazomicin is an aminoglycoside antimicrobial and the pharmacology/toxicology data for 
this compound were typical of that class demonstrating nephrotoxicity at clinically 
relevant exposures and the potential for neural blockade at high acute exposure.

PK/TK studies showed that plazomicin is well absorbed following subcutaneous 
injection (though most toxicity studies were conducted using intravenous injection), is 
not significantly metabolized by liver microsomes, and is primarily eliminated by renal 
excretion in rats and dogs as unchanged drug.

Genotoxicity studies conducted in vitro (Ames assay in S. typhimurium and E. coli, 
chromosome aberration testing in cultured human lymphocytes) and in vivo (mouse 
micronucleus) showed no evidence of mutagenic or clastogenic potential.

Single intravenous administration of 100 mg/kg administered over 20 minutes had no 
acute effects in rats, but mortality, clinical signs suggestive of possible neural blockade, 
and nephrotoxicity were observed at 150 and 200 mg/kg.  Safety pharmacology studies 
in rats showed no effects on respiration or the CNS (functional observational battery) at 
80 mg/kg (the highest dose tested).  No cardiovascular changes (including ECG) were 
observed in dogs at IV doses up to 25 mg/kg given over 20 minutes.  In the hERG 
assay, a plazomicin concentration of 3000 µg/ml caused 37% inhibition of the current; 
an IC50 could not be determined as this was the highest concentration tested.  
Plazomicin is not considered a potent hERG inhibitor.

Studies of up to 28 days duration in rats and dogs revealed the kidney as the primary 
target of toxicity.  These studies were conducted using intravenous doses of 8, 30, and 
80 mg/kg/day in rats and 3, 10, and 25 mg/kg/day in dogs.  The high doses in these 
studies provide exposure (AUC) comparable to human exposure at the recommended 
daily dose of 15 mg/kg/day, though Cmax in the animals is about 2-3 times higher than 
that observed in humans.  Nephrotoxicity was accompanied by increases in serum urea 
and creatinine in both species.  Changes in urinalysis parameters (e.g., polyuria, 
glucosuria) were also observed in some affected animals, but were less sensitive 
indicators of nephrotoxicity than serum urea and creatinine.  Dose-related microscopic 
changes in the rat kidneys included degeneration/regeneration of the proximal renal 
tubules at 30 and 80 mg/kg/day.  Single cell necrosis was seen in the majority of 
animals from these groups and acute tubular necrosis and interstitial mononuclear cell 
infiltrate were also observed in a few animals.  Significant recovery occurred over the 
course of a 28-day drug-free period.  In dogs, minimal tubular regeneration associated 
with mononuclear cell infiltrate, cell debris and/or tubular dilatation was observed in half 
of the animals at 10 mg/kg and all at 25 mg/kg in the 14 day study.  Severity of kidney 
findings was dose-related, with minimal to moderate tubular degeneration/regeneration 
and minimal to mild necrosis seen in some high dose animals.  In the 28-day dog study, 
the NOAEL was 10 mg/kg/day.  There were some changes in the kidney when this dose 
was used in the 14 day study, but they were minimal.  The drug used in the 14 day 
studies were from an earlier batch that was less pure than plazomicin used in the 28-
day studies.  In rats,  8 mg/kg/day was a NOAEL for 14 days of dosing and this level 
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was associated with only minimal microscopic renal changes (no serum chemistry 
changes) after 28 days of dosing.

In dogs, dermal/subcutaneous fibrosis and/or mixed cell infiltrate at the infusion site was 
more common with plazomicin than the vehicle control, indicating irritation of the test 
article.  This was no longer present at the end of the recovery period.  Local tolerance of 
plazomicin at the infusion site has not generally been a problem in humans.

Plazomicin did not affect fertility in female rats at 8 mg/kg/day (subcutaneous 
administration was used for this study).  Exposure (AUC) to rats at this dose is about 
0.1-fold human exposure at 15 mg/kg/day, the recommended clinical dose.  At 25 and 
50 mg/kg, there was a dose-related decrease in the number of corpora lutea per dam 
(approximately 15 and 17%, respectively), leading to comparable reductions in numbers 
of implantation sites and viable embryos per dam.  There were no effects on 
reproductive performance, estrous cyclicity, or sperm parameters (motility, 
concentration, % abnormal) at any dose level.  Parental toxicity (reduced food 
consumption and body weight gain) was evident at > 25 mg/kg/day.  At the high dose, 
signs of clinical toxicity (unkempt, pale, hypoactive) were seen in some males (which 
were treated for a longer period of time than the females), although their fertility was not 
affected.

In rat and rabbit developmental toxicology studies, subcutaneous doses of ACHN-490 
up to 50 mg/kg/day administered during organogenesis were not associated with higher 
incidences of fetal visceral or skeletal malformations compared to controls.  Exposure 
(AUC) in rats was similar to human exposure at the clinical daily dose of 15 mg/kg/day 
and rabbit exposure was about 2.5-fold higher.  In rats, signs of delayed fetal 
development such as increased incidences of dilated ureter, increased cavitation of the 
renal pelvis, incomplete ossification, and slightly reduced mean fetal body weights were 
observed at the high dose of 50 mg/kg.  These findings were observed in the presence 
of maternal toxicity (increased kidney weight, reductions in body weight gain and food 
consumption).  The NOAEL for maternal toxicity was the low dose in both 
developmental toxicology studies, 8 mg/kg/day for rats and 10 mg/kg/day for rabbits.  At 
higher doses, increased mean kidney weights were observed in the maternal animals.  
Some rabbits in the 50 mg/kg high dose group exhibited significant nephrotoxicity, 
necessitating the early sacrifice of one doe.

In the rat pre- and postnatal development study, dams received subcutaneous 3, 8, or 
30 mg/kg plazomicin doses from Gestation Day 6 through Lactation Day 20.  At the high 
dose, maternal plazomicin exposure (AUC) was approximately a third of the human 
AUC at the clinical daily dose of 15 mg/kg.  No clinical signs of toxicity were seen in the 
dams. There were no effects on gestation length or parturition. Plazomicin did not have 
adverse effects on maternal function or pre- and postnatal survival of offspring.  Pups 
attained developmental and behavioral milestones as expected. Reproductive function 
of the offspring was not affected at any dose level.  Concentrations of plazomicin 
measured in pups at 10 days of age were very low, even at the highest maternal dose.  
Milk concentration was also quite low, though it was measurable.
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ACHN-490 was not ototoxic to guinea pigs following 14 days of once daily 
subcutaneous doses up to 80 mg/kg.  The AUC value for guinea pigs on Day 14 at 80 
mg/kg is approximately 2-fold higher than observed in human patients treated with 
multiple doses of the drug at 15 mg/kg given IV over 30 minutes once daily.  Cmax is 
about 5-6-fold higher in the guinea pigs at these doses.

The guinea pig study provides some reassurance that the intended clinical dose of 
ACHN-490 does not appear ototoxic.  However, the study did not fully explore the 
ototoxic potential of ACHN-490.  Higher doses of the drug may have caused ototoxicity 
in the guinea pigs, as observed with other members of the aminoglycoside class (e.g., 
gentamicin and amikacin).  Gentamicin appears to be more ototoxic than plazomicin, 
although the guinea pig data do not necessarily indicate a lower risk of ototoxicity for 
ACHN-490 compared to other marketed aminoglycosides.

The nonclinical studies conducted with plazomicin were adequate to support the 
approval of Zemdri as a drug product intended for human clinical use at the 
recommended dose of 15 mg/kg/day for   Nephrotoxicity is a risk for 
plazomicin, as it is for other members of the aminoglycoside class.
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