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Aminog lycosides fi  rst became available for clini-
c al use in the 1940s (TABLE  1) and  were shown to 
have broad- spectrum activity that included a 
wide variety of Gram-n egative bacilli and many 
Gram-p ositive cocci  [1]. Aminog lycosides a re 
bactericidal, possess well-d efi ned pharmacoki-
netic properties and demonstrate synergy when 
combined with β-lactam  antibiotics. Their limi-
tations include the worldwide spread of resista nce 
mechanisms, primarily aminogl ycoside modify-
ing enzymes and well-de scribed adverse effects, 
including ototoxi city and nephrot oxicity [2,3].

Clinical use of aminogl ycosides st arted to 
diminish in the late 1980s due to the devel-
opment and increasing use of carbape nems, 

fl uoroq uinolones, extende d-generation cephalo-
 sporins and β-lactam/β -lactamase -inhibitor 
combinations, all agents with similar antibacterial 
spectra to aminoglyc osides but  with less resistanc e 
and fewer adverse effects [4]. However, amino-
glyc osides cont inue to be used for a variety of 
serious systemic infections as short-ter m or longer-
te rm therapy (with monitoring for adverse effects), 
particularly in situations where synergy is required 
[2,4–6].   Recently, clinicians appear to be return-
ing to the use of aminoglyc osides as t he preva-
lence of resistanc e to carbapene ms, fl uoroqui no-
lones, extended- generation cephalosp orins and 
β-lactam/β-l actamase-i nhibitor  combinations 
and multidrug resistance  increases [7,8].

 Plazomicin (formerly    ACHN-490) is a  next-generation  aminoglycoside that was synthetically 
derived from  sisomicin by appending a   hydroxy-aminobutyric acid substituent at position  1 and a 
 hydroxyethyl substituent at position  6′. P lazomicin inhibits bacterial protein synthesis and exhibits 
d ose-dependent bactericidal activity. P lazomicin demonstrates activity against both G ram-negative 
and G ram-positive bacterial pathogens, i ncluding i solates harboring any of the clinically relevant 
a   minoglycoside-modifying enzymes. However, like older p arenteral aminoglycosi des, p lazomicin 
is not active against bacterial i solates expressing ribosomal m  ethyltransferases conferring 
a minoglycoside r esistance. P lazomicin has been reported to demonstrate i  n vitro synergistic activity 
when combined with d aptomycin or c eftobiprole versus m   ethicillin-resistant S  taphylococcus 
a ureus, h eteroresistant v  ancomycin-intermediate S . a ureus, v  ancomycin-intermediate S . a ureus, 
and v  ancomycin-resistant S . a ureus and against P  seudomonas a eruginosa when combined with 
c efepime, d oripenem, i mipenem or p  iperacillin-tazobactam. After i ntravenous administration of 
p lazomicin to humans at a dose of 1 5 mg/ kg, the maximum concentraration was 113 µg/ml, the 
area under the curve

0–24  was 239 h·µ g/ml, the half-life was 4.0 h and the steady-state volume 
of distribution wa  s 0.24 L/kg. Results from a Phase  II ran  domized, double -blind study in patients 
with complicated urinary tract infection and acute pyelon ephritis including cases  with concurrent 
bacter emia comparing plazom icin 15 mg/ kg intravenously once daily for 5 days  with levofl  oxacin 
750 mg intravenously. for 5 days  are anticipated in 2012. Human studies to date have not reported 
nephro toxicity or ototox icity, and lack of ototox icity has been reported in the guinea pig model. 
Given reported increa ses in bacterial resist ance to current antimi crobial agents and the lack of 
availability of new agents with novel mechanisms, plazom icin may become a welcomed addition 
to the antibacterial armamentarium pending positive results from large- scale clinic al trials and 
other required clinic al studies.
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Despite the obvious need for novel agents, only two new anti-
biotic classes hav e been discovered and developed in the past 
30 years an d neither possess activity against Gram-negati ve bacilli 
[9]. The alternative route to novel antimicrobial development is via 
modifi cation of existing classes to  impede known antibiotic resist-
ance  mechanisms. Some progress has recently been made against 
Gram-negati ve bacilli in this area [10]. Plazomicin  (ACHN-490) 
i   s a next-genera tion aminoglycos ide synthetically derived from 
sisomicin [ 11] that is designed to evade all clinically relevant 
aminoglycos  ide-modifying enzymes [12], the main mechanism 
o f aminoglycos ide resistance  [13]. This article will review the 
  chemistry,  mechanisms of action and  resistance,  microbio log y, 
pharmacokinetics, pharmacodyn amics, animal and human effi -
cacy and adverse effects of plazomicin  in comparison with the 
parenteral  legacy aminoglycos ides: genta micin,  tobramycin  and 
amikacin.

C hemistry
The aminoglycos ides are ch aracterized by a central aminocyclit ol 
ring substituted with hydroxyl and amino groups (FIGURE 1).  With 
th e exception of spectinomyc in, the central ring is also connected 
to amino sugar substituent s via glycosidic  bonds [2]. In strepto-
mycin, the aminocyclit ol ring is streptamine ; in all other paren-
teral  aminoglycosides, it is  2-deoxystre  pt amine. Aminoglycos ides 
are po lar, basic molecules, highly soluble in water and poorly 
soluble in organic solvents. They are positively ionized at physi-
ological pH and do n ot easily cross cellular membranes, which 
explains why they are poorly absorbed from the gastrointestinal 
tract and do not readily cross the blood–brain  barrier. Intravenous  
or intramuscular administration is necessary for systemic use, 
and intrathecal  administration is necessary to achieve therapeutic 
concentrations in the CNS [2]. The aminoglycos ides are st able 
over a wide range of temperatures and pH values,  although their 
antimicrobial action is i ncreased in alkaline environments. The 
cationic nature of a minoglycos ides allows  them to bond with a 
variety of negatively charged biomolecule s such as membrane 
lipids, DNA and RN  A. This a  ffi nity is responsible for the ribo-
some-ta rgeting action of a minoglycos ides and ma y contribute to 
their rapid bactericidal activity [2,14].

Sisomicin i s an aminoglycos ide isolated from the aerobic fer-
mentation of Micromonosp   ora spp., fi rst reported in 1970 [15]. 
Plaz  omicin  (FIGURE 1) i s deriv ed from sisomicin u sing an eight-
step  synthetic pathway [11] and is named 6′-(hydroxy ethyl )-1-
(hydroxyamino butyric acid)-sisomicin or  (2S)-4-amino- N-
[( 1R,2S,3S,4R,  5S) -5- ami no- 4-({ 2-amino-2,3 , 4,6-tetradeoxy -
6 -[(2-hydroxyeth  yl )amino]-α-D-glycero-hex -4 -enopyranosyl}
oxy) -2- { [3 -deoxy-4 -C-m  et  hyl-3 - (methylamino) -  β -L-
arabinopyran os yl]oxy}-3-hydroxycyclo he xyl]-2-hydroxybutan-
 am ide. Appending hydroxy-aminob  utyric acid to sisomicin at 
p osition 1 and hydroxye thyl g roup at position 6′ yields plaz omicin 
[11] . These substitutions allow the novel molecule to avoid the 
action of amino glycoside-  modifying enzymes that confer amino-
glycoside  resistance (FIG URE 2) but d o not r educe the molecule’s 
affi nity for the ribosomal site of action. The mol ecular formula 
of uncharged plazomicin is C 

25
H

48
N

6
O

10
 and   its molecular weight 

is 592.68 Da. Specifi c chemical data have not y et been reported 
for plazomicin, but  it can be expected that it will display typical 
aminoglycoside  properties.

Plazomicin is s imilar to gentamicin, tob ramycin and  amikacin 
in tha t it possesses a three-ring stru cture consisting of 2-deoxy-
streptam  in e substituted with 6-membered amin  o  sugars at the 4 
and 6 positio ns (FI GURE 1). Plaz omicin  is u nsaturated at 4′ where 
the co mparator molecules are fully saturated. In contrast to ami-
kacin, plazomicin has a n amino group in the 2′ position inst ead 
of a hydroxyl group, providing it with a total of fi ve basic groups 
compared with amikacin. Plazomi cin and am ikacin share th e 
hydroxy-aminobuty   ric acid group at 1 position.

Mecha nism of action
In susceptible bacteria, aminoglycosides,  including p lazomicin, 
are b actericidal agents whose principle mechanism of acti on is 
through  inhibition of protein synthesis. Uptake of the amino-
glycosides i nto cells c an be observed to have three stages [16]. 
In Gram-negative bac teria, the fi rst stage involves binding of 
the polycationic amin oglycoside to anionic lipopolysaccharid es, 
phospholipi ds and proteins of the outer membrane. This is fol-
lowed by uptake of the drug across the outer membrane, diffusion 
across the periplasmic space  and adsorption to the cytoplasmic 
membr ane [17]. Outer membrane penetration is due to displace-
ment of divalent cations (which ar e involved in crossbridging 
an d stabilization of the outer membrane’s lipopolysaccharid e) [18], 
leading to disruption of outer membrane stability and increase 
in its permeability [19]. This increase in membrane permeability, 
which is the fi rst stage of uptake, is referred to as self-promoted 
upt ake [18]. In Gram-positive bac teria, this fi rst stage involves ionic 
binding of the polycationic drug  to the anionic phospholipids and 
lipoteichoic acid s on the bacteria’s surface [17]. For both Gram-
negatives an d Gram-positives, t his stage is rapid, reversible and 
concentration dependent but not energy dependent  [17].

The energy-dependent  second and third phases  are named 
energy-dependent  Phase I (EDP-I) a  nd energy   -dependent 
 Phase II (EDP-II)   [17].   Alt   houg  h the prec ise mechanism is not 
 currently known,  EDP-I represents    the initial slow uptake of drug 
into the cell, initial rib osomal binding and the incorporation 

Table 1. Year of availability of selected 
 aminoglycos ides for  clinical use.

 Aminoglycoside Year of availability

Streptomycin 1944

Neomycin 1949

 Kanamycin 1957

 Paromomycin 1959

 Spectinomycin 1961

 Gentamicin 1963

 Tobramycin 1967

 Sisomicin 1970

 Amikacin 1976

 Zhanel,  Lawson,   Zelenitsky et al.
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of misread proteins into the cell wall [20]. E DP-I depends on 
  a minimum threshold membrane potential and a functioning 
electron transpor t chain [17]. The duration of EDP-I is also 
aff   ected by the external aminoglycoside co ncentration, with suf-
fi ciently high concentrations reducing the length of EDP-I almost 
comp   letely [17]. The incorporation of misread proteins into the 
cytoplasmic membr ane during EDP-I leads to ED   P-II, which 
rep   rese  nts a greatly increased linear rate of drug uptake into the 
cell and saturate d ribosome binding [20]. Like EDP-I, the precis  e 
mechanism of EDP- II phase upta   ke i  s not known, but EDP-II 
is depende   nt o  n ribosome binding in the EDP-I phase [16],   is 
driven by the membrane electrical potential arising from the elec-
tron transpor t chain or possibly ATP hydrolysis [1  7] and follows  
diffusion/electro phoretic k inetics instead of Michaelis–Menton 
   kinetics, which would be expected based on the standard mem-
brane active-transport  model [20]. Uptake into the cell is one-
way,  most lik ely due to ionic binding of the aminoglycoside wi th 
anionic macromolecules inside the cell [20,21]. The  dependence 
of aminoglycoside up take on membrane potential and cellular 
respiration explains the sensitivity of aminoglycoside ac tion to 
pH leve  ls outside  the cell and anaerobi c environments.

Once inside the cell, aminoglycos ides b ind to the  decoding 
region aminoacyl-tRNA si  te (A site ) of the 16S rRNA portion 
  of t  he 30S component of  the prokaryotic ribosome [22,23]. This 

causes mistranslation of the mRNA codon and in hibit s trans-
location [24,25]. The highly conserved prokaryotic A site only 
 differs from the eukaryotic ribosomal A site by a single base 
pair – the p rokaryotic RNA has an adenos  ine at 1408 where 
the eukaryotic RNA has a guanine   [26] – but this small change 
leads to a large difference in aminoglycoside sp ecifi city and is 
the basis for the clinical utility  of the aminoglycosides [ 26,27]. It  is 
not completely clear which component(s) of the aminoglycoside 
me chanism contrib ute to the class’s bacterici dal action. Induction  
of mistranslation, inhibition of translocation, accumulation of 
high drug concentrations in the cell and cell me mbrane  dis ruption 
all may play a role.

Unpublished data suggest that  the mechanism of acti on of 
plazomi cin will b e similar to that of the other members of the 
aminoglycoside cl ass. This concl usion is indirectly supported by 
the bactericidal profi le plazomicin shares  with other members of 
the aminoglycosides a nd the role  ribosomal mutation plays in 
conferring plazomicin resist ance to bac teria that are otherwise 
susceptible (see ‘Microbiology’ sect ion). Further investigation of 
this area is warranted.

Mechanisms of resistance
Mechanisms of resistance to ami noglycosides c an be sub di vided 
into three categories: ribosomal modification, alteration of 

Figure 1. Chemical structures of p lazomicin, g entamicin, a mikacin and t obramycin. Examples of t wo-ring numbering systems are 
illustrated; both are in use interchangeably in the literature.
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uptake/eff lux mechanisms and aminoglycoside mo  difying 
enzymes [28]. These mechanisms are not mutually exclusive and 
can coexist in the same bacterial strains [29].

Ribosomal modifi cation confers resistance by red ucing amino-
glycoside bi nding affi nity to the target site on th e ribosome and 
can take one of two forms: amino acid or rRNA sequence mut  a-
tions in the ribosome or enzymatic alteration of the ribosome. 
Mutations of even a single base-pair in the  16S portion of th e 
bacterial ribosome have been shown to confer aminoglycoside 
re sistance to bac teria [30,31]. This mechanism is resp onsible for 
streptomycin resistance in str ains of Mycobacterium  tub  erculosis 
[32]. Enzymatic modifi cation of the aminoglycoside ta rget site 
takes  the form of methylation of th e nucleotides G1405 or 
A14 08, p art of th e ribosomal A site [33]. The genes for these 
enzymes have been discovered on transposons and t ransferra-
ble plasmids [34,35]. Although target-site modifi  cation enzymes 
were fi rst reported in aminoglycoside pr oducers [36,37], they 
have now been reported in clinically relevant isolates [38,39]  and 
have become more of a concern [40]. Ribosome mutation has 
been found to confer  broad-spectrum am inoglycoside re sistance 

[30,40 ,41], in particular very high resist-
ance agains t the 4,6- disubstituted  d eo xy-
streptamines, including amikacin, gen-
tami cin and to bramycin [31,42 ]. Enzymatic 
modifi cation of the target site has a lso been 
found to confer a high level of resistance to 
the  4,6-disubstituted  d eo xystreptamines 
 [33–35]. Although no susceptibility data 
have been pu blished regarding the effect of 
ribosomal mutations against plazomicin, 
repor ted data demonstrate  that enzymatic 
modifi cation of the target site incre ases 
the minimal inhibitory concentration for 
plazomicin [11].  The similarity between the 
effect of ribosome mutation and target-site 
modifi  cation on resistance agains t cur-
rent 4,6- disubstituted  d eo xystreptamines 
implies ribosomal mutation will also 
 confer resistance to pla zomicin.

Uptak e and eff lux resistance mecha-
n isms inhibit the action of aminogl yco-
sides b y preventin g a suffi cient concen-
tration from accumulating inside the 
cell. Organisms growing in an anaerobic 
environment without a functioning elec-
tron transpor t chain [43], and organisms 
growing in an environment with low pH 
[16] demonstra te reduced susceptibility to 
aminoglycosides s imply by no t providing 
the conditions required for aminoglycoside 
up take (see Mechanism of action section). 
Effl ux mechanisms lower drug concen-
tration in the cytosol by removi ng drug 
molecules across the cell membrane (or  cell 
membrane and  outer membrane of Gram-

negatives) [ 44]. A large variety of transmembrane effl  ux mecha-
nisms, grouped into fi ve families, exist in both Gram-positive and  
Gram-negative bac teria. Mechanisms that target  specifi c drugs, 
target specifi c classes, or can a ccommodate multiple chemical 
classes are known  in each family. These mechanisms may be 
encoded chromosomally or on plasmids [44]. Although several of 
these transmembrane effl  ux-pump famil ies have members that 
are able to transport amino glycosides [ 45], effl ux -based resi stance 
has on ly been found to confer clinically signifi cant resistance 
to ami noglycosides i n Pseudomon as aerug  inosa isolat es [29,44].  In 
P. aeruginosa, ef fl u x mechanisms contribute to resistance agains t 
all legacy amino glycosides,  including a mikacin, gentami cin, and 
t obramycin [44,46 ]. Results regarding the effect of effl ux mecha-
nisms on  resistance to pla zomicin in P.  aeruginosa hav e b een 
mixed [11,12,47].

Aminoglycoside-modifying enzymes are the most  
 widespread and cli nically important mechanism of resi stance 
to leg acy amino glycosides [ 28,48]. Thr ee types of AMEs are 
known: a mino glycoside N- acetyltransfera se  (AAC), amino-
glycos   ide O- nucleotidyltran sf erase, and amino gl  ycoside 

Figure 2. Chemical structure of p lazomicin in relation to a   minoglycoside-
modifying enzyme target sites. Solid arrows indicate that the A   ME confers r esistance 
against p lazomicin and dashed arrows indicate that p lazomicin is not a viable target for 
the A   ME. Circled letters indicate where r esistance to a comparator a minoglycoside is 
conferred by the A   ME. The highlighted A ring contains a d ouble bond, which alters the 
shape of this ring of p lazomicin (and the parent, s isomicin) in comparison with other 
members of the a minoglycoside family. Also highlighted are the h ydroxyethyl substituent 
attached to the nitrogen atom at 6 ′ and the HA   BA substituent at position 1,  identical to 
the HA   BA substituent on am ikacin. 
AAC: Aminoglycoside N-acetyltransferase; AME: Aminoglycoside-modifying 
enzyme; ANT: Aminlglycoside O-nucleotidyltransferase; APH: Aminoglycoside 
O-phosphotransferase; HABA: Hydroxy-aminobutyric acid.

NH2

OH
N
H

O

OH2N

HO

H2N

NH

O

OH

O

O

OH
NH

OH

Hydroxyethyl tail

Sisomicin ring

HABA tail

Gentamicin ring

AAC(3, 3´´) -X
A

-IaAAC(4´, 4´´)
A T

ANT(4´, 4´´) -Ia
-IIaA T

AAC(6´)-Ia...f
-Ie,f
-IIa,b

A TG

AAC(2´) -Ia...c
T PG

Resistance
conferred to:
     Amikacin
     Gentamicin
     Tobramycin
     Plazomicin

A

T
P

G

ANT(2´´) -Ia,b
TG

APH(2´´) -Ia,c,d
-IbTG

APH(3´) -Ia...c
-IIa,b
-IIIa
-VIa
-VIIa

A

AAC(3´)-Ia...e
-IIa,e
-IIIa,b,c
-IVa

G

G T

 Zhanel,  Lawson,   Zelenitsky et al.



www.expert-reviews.com 463

Review

O- phosphotransfer as e [8]. These e   nzymes catalyze covalent 
bonding of a particular transfer group to a hydroxyl or amino 
group on the aminoglycoside mo lecule, as specifi ed in the name. 
Cofactors are re quired for the activity of these enzymes: acetyl-
CoA for AA C, ATP    (the ade   nylyl   group) f or aminoglycoside 
O-nucleotidyltranferase, and ATP (the   phosphat  e group) for 
aminoglycoside O-phosphotransferase. Bonding of t   he transfer 
group to the aminoglycoside re duces the drug’s binding affi n-
ity for their ribosomal target [49], increasing the drug concen-
tration required for bactericidal action. The genes  encoding 
AMEs may be locat ed on chromosomes but are also widely 
found on and horizontally transferred by integrons, transp osons 
and p lasmids [28]. Under a common nomenclature [8], these 
enzymes are named by indicating the enzyme type in upper 
case, the ring ca rbon to which the targeted functional group 
is attached and a ro man number that specifi es the resistance 
profi l e. A similar naming scheme is used to name the gene 
expressing the enzyme, with the enzyme type in lower case 
and a  lower- case letter  appen ded to differentiate multiple genes 
encoding proteins with identical resistance patter ns (FIGURE 2). 
For ex ample,  ‘AAC(3)-I’ names a   n N -acetyltransfera se  target-
ing the amino group attached to carbon 3, and ‘aac(3)-Ia ’ and 
‘a  ac( 3)-I b’ name t  wo  gene s capable of expressing that enzyme. 
An alternate naming scheme, defi ned as part of a larger plas-
mid naming scheme, is also in use but not described here [50]. 
Although no one modifying enzyme provides resistance a gains t 
the entire aminoglycoside cl ass, all existi ng aminoglycosides a re 
suscepti ble to one or more enzyme [48,51]. Amikacin, gentami cin, 
tobra mycin, and s isomicin are all  susceptible to several AMEs 
[48]. By con  trast, plazomicin does n ot function as a substrate 
for any of the known AMEs except the A  AC(2′)-I enzyme 
   expr essed in Providencia stuart   ii (FIGURE 2). Against  organi sms 
resistant to other aminoglycosides du e to AMEs,  the MICs for   
plazomici n remain  low [11,12,47,52–56].

Microbiology
TABLES 2 & 3 present the in vitro activ ities  of plazomicin   and 
comparator aminogly cosides against Gram-negat ive and 
Gra m-positive pa thogens where plaz omicin data were available 
[11 ,12,47, 52–5 4,57–65]. The values in the tables are modal minimal 
inhibitory concentration in µg/ml (MIC)

50
 and MIC

90
 cited  in 

the literature for    each of the aminoglycosides. For plazo micin, 
th e range of  reported M ICs is also given. All of the stud   ies 
included in the MIC evaluation adhered to a recogni  zed labo-
ratory standard method (Clinical and Laboratory Standards 
I  nstitute).

A gainst Gram-negative enteric bacteria, pla zomicin demon-
strates more potent  in vitro activity than amikacin, ge  ntamicin 
and tobramycin  (TABLE 2) . Against Escherichia co li, Klebsiel la 
 pne umoniae, Cit robacter    spp., Enterobacter spp.    and Serratia spp.  , 
the MIC

50
 and MIC

90    
for plazomicin were    either  co   mparable w ith 

or lower than all three comparator aminoglycosides. Plazomicin 
was les s active ag ainst  Proteus mirabilis and  indole-positi  ve Proteus 
spp. than i  t was against ot  her members of the Enterobacteriaceae 
(TABLE 2). For t  he nonfermentative G ram-ne gative bacil li, 
Acinetobacte r baumannii and P. aeru   ginosa, plazomicin was 
less  act ive compared  with the Enterobacteriaceae; however, it 
 dem  onstrated greater activity than amikacin, gentamicin and 
tobramycin , with two fold- to greater th an fourfold lower MIC

90
 

(TABLE 2). Plazomicin also d   emonstra ted po tent  activity against 
species of Staphylococcus (TABLE 3). Plazomici  n demonstrated s imilar  
act ivity to gentamicin (and greater activity th an amikacin) against 
methicillin-resistant S. aureus (MRSA), methicillin -susceptible 
S. au   reus,   coagulase-negative staph ylo cocci an  d Staphylococcus 
sa prophyticus (TABLE   3).

With the exception of    AAC( 2′)-I (reported only in P   rovidencia 
stuartii and some M  ycobacterium spp. [57]), p lazomicin retains activ-
ity against both G ram-negative and G ram-positive bacterial strains 
expressing any of the clinically relevant a  minoglycoside-modifying 

Table 2.   In vitro activity† of  plazomicin and comparator  aminoglycos ides against  Gram-negative aerobes.

Bacteria  Plazomicin  Amikacin  Gentamicin  Tobramycin

  MIC range   MIC50   MIC90   MIC50   MIC90   MIC50   MIC90   MIC50   MIC90

  Acinetobacter baumannii 0.12 to >128 8 16 32 >64 64 >64 32 >64

  Citrobacter spp. 0.25–4 0.5 1 32 64 >64 >64  ND  ND

 Escherichia coli 0.06–16 1 2 2 32 0.5 32 0.5 32

  Enterobacter spp. 0.25–64 0.5 1 16 >32 2 >64 32 32

  Francisella tularensis 0.03–1 0.5 1 0.25 0.5  ND  ND  ND  ND

  Klebsiella pneumoniae 0.12–64 0.5 1 1 32 1 64 32 >64

 Proteus mirabilis 1–16 4 8 8 64 32 >64  ND  ND

 Proteus,   indole-positive 4–16 8 16 8 32 >64 >64  ND  ND

 Pseudomonas  aeruginosa 0.12–256 8 32 16 >64 8 >64 1 64

  Serratia spp. 0.5–4 1 4 8 >64 64 >64  ND  ND

  Yersinia pestis 0.12–1 0.5 1 0.5 0.5  ND  ND  ND  ND
†M  IC50, M   IC90 and M  IC range values (µg/ml ) are modal values derived from a re view of all published literature available on pl azomicin to date.
MIC: Minimal inhibitory concentration; ND : No data.
Data taken from [11,47,52–54,57–61,63].
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enzymes (T ABLE 4 ). Aside from A   AC(2 ′)-I, no correlation has been 
reported between the activity of pl azomicin and the presence 
of am  inoglycoside-modifying enzymes that impair the activity 
of am ikacin, ge ntamicin or to bramycin. As with legacy am ino-
glycosid es, the activity of pl azomicin is inhibited by ribosomal 
me thyl-tr ansferases (TA BLE 4) . Like other am inoglycosid es, pl a-
zomicin activity is reduced by the presence of  am inoglycoside 
effl ux pumps (TA BLE 4) .

Several studies have evaluated the activity of pl azomicin 
against mu ltidrug-resistant Gr am-negative bacilli (including 
E. coli, K.  pn eumoniae, Ci   trobacter spp., En  terobacter spp., 
and Se   rratia spp.) expressing ex tended-spectrum β-lac tamase 
(ESB   L) and  car bapenemase res istance mechanisms [57,58,61,62,65]. 
Although res istance mechanisms targeting β-lact am antibiotics 
would not be expected to alter the activity of amin   o glycoside 
antibiotics, the presence of these resi stance phenotypes in Gram -
negative bacilli has been associated with concomitant amin ogly-
coside resi stance. This association is due to the frequent presence 
of amin  oglycoside-modifying enzymes in ESBL    and carb  apen-
emase-producing clin ical isol ates [66,67]. With the exception of 
a case  where a carb a penemase was associated with a ribosomal 
meth yl tra nsferase [62], the in v  itro activity of plaz omicin was 
unchanged in ESBL    or carb  apenemase-producing organisms. By 
contrast, the presence of an ESBL    or carb apenemase was associ-
ated with a general decrease in  activity for amik acin, gent amicin 
and tobr amycin with many isol ates demonstrating resi stance to 
these agents. Where amin  oglycoside- modifying enzymes were 
reported in conjunction with a β-lacta m resis tance mechanisms 
and where a β-lactam  resist ance mech an ism was the on ly resist-
 ance determinant reported, the MIC fo  r plazo m icin was most 
commonly 1–2 µg /ml  a nd did not exceed 4 ug/ml .

 Pharmacokinetics
TABLES 5–7  summa rize the available pharmacokinetic parameter data 
fo r plazomi cin, its parent compound sisomic in and  comparator 
aminogl ycosides.

A bsorption
As a class,  aminogl ycosides de monstrate poor oral absorption 
and must be administered parente rally for systemic use [2,68]. The 
chemical structure of plazomi cin provides no  reason to suspect 
that its absorption profi le would differ markedly from that of 
the aminogl ycoside class i n general. In all reported studies where 

plazomi cin was administered to human or animal subjects, the 
administration was intrave nous or subcutaneous [64,65,69–73].

Distribution
A population pharmacokinetic analysis [73] was performed on data 
fr om a Phase I  dose-es calation trial [69] to determine an optimal 
population pharmacokinetic model for plazomi cin. The data fi  t 
a  three-c ompartment model with zero-or der absorption and fi rst-
o rder distribution which is consistent with that described for other 
aminogl ycosides [2 ,68]. Steady- state volume of distribution (V

ss
) fo  r 

plazomi cin was 19.8 l in a population pharmacokinetic model in 
healthy volunteers [73], 0.20–0.26 (± 0.03) l/kg in a Phase I  dose-
es calation trial [69], and 0.24 ± 0.04 l/kg in a multidose  Phase I 
t rial (TABLE 6) [71]. T he rep orted V

ss
 for pla  zomicin  was consistent 

with V
ss
 values   for comparator aminoglycos ides (TABLE  7).

A  Phase  I dose-escala tion study in healthy female and  male 
volunteers from 18 to 55 years of age   [101] was performed with 
plazomicin  administered as a single-dose  intravenous  infusion 
over 10 min foll  owed by a 7-day washo  ut, and then multiple-do se 
infusions once daily for 5–10 day s (TABLE 5) [69 ]. C onsist ent with 
a linear pharmacokinetic profi le, the maximum concentration 
(C

max
) and a  rea un der the concentrati on–time curve were dose 

proportional. Mean C
max

 ranged  from 8.1 µg/ml for a 1-mg/ kg 
dose   to 144 µg/ml for a 15-mg/kg dose  , and the mean area under 
the curve ranged fr   om 14.5 µg × h/ml for a 1-mg/kg dose to   
246 µg × h/ml for a 15-mg/kg dose (TA  BLE 5). The hig her C

m ax
 

values compa  red with those reported for other aminoglycosides 
w ith similar  V

ss
 values may be   explained by the relatively short 

infusion time of 10 min for plazom  icin (TABLE  7).
A secon d Phas e I study in  healthy normal weight volunteers 

(18–44 years) [  102  ] was performed, where subjects received 
15 mg/kg of plazo micin as a 1 0-min infusion o  nce daily for 
5 days [71]. Trou gh concentrations were measured daily, whereas 
multiple samples for pharmaco kinetic analysis were collected 
after the fi nal dose. The mean pharmaco kinetic parameters 
determined by noncompartmental  analysis are shown in TABLE 6. 
Daily tr ough values which were only reported in a fi gure 
appeared t o increase with time, but did not exceed 0.6 µg/ml 
after 5 days [71].

Plasm a protein binding was determined in vitro for sever  al 
animal species via an equilibrium dialysis method [70]. Binding 
was found to be low, 12% in human plasm a (10–18% for other 
s pec ies), and to be independent of plazomicin concent ration. 

Table  3.  In vitro activity† of  plazomicin and comparator  aminoglycos ides against  Gram-positive aerobes.

Bacterial species/strain  Plazomicin  Amikacin  Gentamicin  Tobramycin

MIC range   MIC50   MIC90   MIC50   MIC90   MIC50   MIC90   MIC50   MIC90

   Methicillin-resistant   Staphylococcus  aureus 0.12–4 1 2 8 32 0.5 1 ≥16 ≥16

  Methicillin-susceptible   Staphylococcus  aureus 0.5–2 1 2 4 4 0.5 1  ND  ND

  Coagulase-negative  Staphylococci 0.5 0.5 0.5 1 4 0.25 >32  ND  ND

 Staphylococcus  saprophyticus 0.25–1 0.25 0.25 0.5 1 0.12 0.25  ND  ND
†M  IC50, M   IC90 and M  IC range values (µg/m l) are modal values derived from a r eview of all published literature available on p lazomicin to date.
MIC: Minimal inhibitory concentration; ND: No data.
Data taken from [11,52,56,60,61].
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Table 4.   In vitro activity† of  plazomicin and comparator  aminoglycos ides against bacteria expressing 
specifi c  aminoglycoside- resistance mechanisms.

Species Resistance phenotype  MIC (µg/ ml)

 Plazomicin  Amikacin  Gentamicin  Tobramycin

  Acinetobacter baumannii   Aminoglycoside-susceptible 4 2 1  ND

  ATCC 19606 8 16 16  ND

  AAC (3)-I 16 >64 >64 >64

  AAC(6′)-I 32 >64 >64 >64

 ANT(2″)-I 64 >64 >64 >64

  APH(3′)-V  I 16 >64 >64 >64

  Acinetobacter calcoaceticus   AAC(6′)-I 2 32 8  ND

  Citrobacter freundii   AAC (3)-  II 1 4 >16 16

  AAC(6′)-I 2 64 1 >16

  Enterobacter aerogenes   AAC (3)-  II 0.5 1 >64 16

  AAC(6′)-I 0.25 32 1  ND

  Enterobacter cloacae   AAC(6′)-I, A  NT(2″)-I 0.5 16 16 16

 AAC (3)-  II,   APH (3)-I/  II 2 8 >16 >16

 Escherichia coli   ATCC 25922 0.25 2 0.5 1

  AAC (3)-  II 2 4 >64 8

 AAC (3)-  IV 1 4 32  ND

 AAC(6′)-I 0.25 32 2 32

 ANT(2″)-I 1 4 >64  ND

 APH(3′)-I 0.25 0.5 0.25  ND

 AAC (3)-  II;   ANT(3″)-I 1 4 >32 >32

 AAC (3)-  II;  AAC(6′)-I 2 8 >32 >32

 AAC (3)-  II,   APH (3)-I/  II 1 4 >16 >16

 AAC(6′)-I; A  NT(3″)-I 1 >32 4 >32

 AAC(6′)-I b; A  NT(3′)-I 4 >32 >32 >32

  ArmA methylase >64 >64 >64  ND

Permeability/effl ux 8 32 4 8

  Klebsiella oxytoca  AAC (3)-  II 0.5 4 >16 16

  Klebsiella pneumoniae  ATCC 10031 0.25 0.5 0.125  ND

 AKPN 1073 0.5 >32 >64  ND

 AAC (3)-  II 0.5 8 >16 >16

 AAC(6′)-I 1 16 4 16

 ANT(2″)-I 1 4 >64  ND

 ANT(3″)-I 2 >32 >32 >32

 AAC (3)-  II,  AAC(6′)-I 0.5–1 >32 >32 >32

 AAC(6′)-I, A  NT(2″)-I 0.5 32 32 >32

 AAC(6′)-I, A  NT(3″)-I 1 32 16 ≥64

 ANT(2″)-I, A  PH(3′)-I/II  1 2 16 >16

 AAC (3)-  IV,  AAC(6′)-I, 
A  PH(3′)-I/II  

0.5 32 >16 >16

 AAC(6′)-I, A  NT(2″)-I, AN  T(3″)-I 0.25 16 8 32

 AAC(6′)-I, A  NT(3″)-I, AP  H(3′)-I 2 >32 >32 >32

 AAC(6′)-I, A  NT(3″)-I, 
AN  T(2″)-I, AAC (6′)-33

0.25 32 16 >32

AAC: Aminoglycoside N-acetyltransferase; ANT: Aminoglycoside O-Nucleotidyltransferase; APH: Aminoglycoside O-phosphotransferase; MIC: Minimal inhibitory 
concentration; ND: No data.
†Data taken from [11,53,54,56–59,74].
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Table 4.   In vitro activity† of  plazomicin and comparator  aminoglycos ides against bacteria expressing 
specifi c  aminoglycoside- resistance mechanisms (cont.).

Species Resistance phenotype  MIC (µg/ ml)

 Plazomicin  Amikacin  Gentamicin  Tobramycin

  Morganella morganii  AAC (3)-  II 4 16 >16 >16

 AAC (3)-  II,   APH (3)-I/  II 4 4 >16 16

 Pseudomonas  aeruginosa  ATCC 27853 2 2 1  ND

 AAC (3)-I 16 >64 >64 >64

 AAC(6′)-I >64 >64 >64 >64

 AAC(6′)-I  I 2 4 32  ND

 Wild-type effl ux 4 4 1  ND

Δ effl ux 0.125 0.5 0.125  ND

MexXY upregulated 8 4 2  ND

 Proteus mirabilis  AAC (3)-  II 4 4 >16 16

 ANT(2″)-I 8 4 16 8

  Providencia stuartii  AAC(2′)-I >64 8 >64  ND

  Serratia marcescens  AAC (3)-I,  AAC(6′)-I 1 16 >16 >16

 ANT(2″), A  AC(6″) 2 8 4  ND

 Staphylococcus  aureus  ATCC 29213 1 4 0.5  ND

 ANT(4′)-I 1 16 0.5 >16

 APH(3′)-I  II 4 32 1 1

 APH(2′)-I + A  AC(6′)-I 2 64 >64  ND

 AAC(6′)-I + A  PH(2″)-I, 
AN  T(4′)-I

1 16 >16 >16

 AAC(6′)-I + A  PH(2″)-I, 
AP  H(3′)-III  

1 >64 >16 >16

 AAC(6′)-I + A  PH(2″)-I, 
AP  H(3′)-III  , ANT  (4′)-Ia

4 64 16 >16

AAC: Aminoglycoside N-acetyltransferase; ANT: Aminoglycoside O-Nucleotidyltransferase; APH: Aminoglycoside O-phosphotransferase; MIC: Minimal inhibitory 
concentration; ND: No data.
†Data taken from [11,53,54,56–59,74].

Higher plasma protein binding of 25% was reported i n one 
study [73]; however, th  e method of determination was not 
described.

Metabolism
Plazomicin is larg ely unmetabolized in t he body. In a Phase I 
trial, ren al clearance of unmetabolized plaz omicin was found to 
be 86.9% [73]. In an in vitro study, pl  azomicin was fou nd to be 
unaffected by hepatocytes and li ver microsomes [70]. Th ese results 

are comparable with results reported for the aminoglycoside cla ss 
in general [ 2,68].

Eliminati  on
As stated above, plazomicin is prim arily eliminated unchanged 
in the urine [73] with renal clearance (4.19 l/h) accounting for 
87% of total clearance (4.81 l/h). Compartmental  analysis 
 determined α-, β- and γ-phase half-lives (t

½
) of 0. 22, 2.33 and 

18.9 h, respectively. The β t
½
 was reported to best represent 

Table 5.  Plazomicin pharmacokinetics in normal volunteers.

Variables measured  Plazomicin dose†‡

1 mg/kg × 1 4 mg/kg  q24 h 7 mg/kg  q24 h 11 mg/kg  q24 h 15 mg/kg  q24 h

Duration (days) N/A 10 10 5 3

 Cmax (µg/m l) 8.1 ± 0.8 43.1 ± 6.5 45.5 ± 6.8 114 ± 26.5 144 ± 45.1

 AUC§ (µg × h/ml) 14.5 ± 1.2 64.8 ± 8.8 88.8 ± 11.2 181 ± 35.6 246 ± 39.2
† ntravenous infusion over 10 min.
‡ Pharmacokinetics based on fi nal dose in  multiple-dose studies.
§A  UC 0 –inf for single dose and A   UC0–24 for multiple doses.
q24 h: Every 24 h.
Data taken from [69].

 Zhanel,  Lawson,   Zelenitsky et al.
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the effective half-life of plazomicin,  and this val ue corresponds 
well with the known values for the comparator aminoglycosides 
(TABLE 7 ). In Phase  I tri als, p lazomicin t

½
 was report ed between 

3.1 h and 4.0 h [69,71].

Pharmacodynamic  s
In time- kill studies perform ed on nine E. coli clinical isolates  [53], 
p lazomicin  was bactericid al with >3 log

10
 reduction in colony-

forming units f or seven isolates a   t four-times th e MIC. In the 
same study, p  lazomicin at four-times  the MIC was bactericidal 
agai  nst 15 K.  pneumoniae clinical  is ola tes studied .

Time-ki ll studies were al so performed on bacterial strains 
expressing a single aminoglycoside-modifying   enzyme pheno-
type, including an E. coli with AAC(3)-IV, E . aerogenes w   ith  
AAC  (3)- IIa , K. pneumoniae    wi th A   NT(2″ )-I a, S. aureus wit  h 
fu sed A PH(2 ′)- I + AAC(6′)-I, and    one  each of E. coli, E.  aerogenes 
and K.  pneumoni ae  with AAC(6′)-I ) [ 74]. Plazomicin    was  bacte-
ricidal f or all isolates at concentrations eq uivalent to 2-, 4-, 8-, 
16- and 32-fold t he M IC.

 Regr owth was   observed in   the  time-kill studies with concen tra-
tions four-times the MIC [53,74]. In one study,   plazomicin MICs 
after regrowth  of two isol  ates were eight and 16-fold hi gher than 
pre-r egrowth   values [53]. These incre ases were not associated with 
the AMEs (aac(3)-IIa and ant(3″)-Ia ); how  eve r, t   he stabi lity  of 
t hese changes in MIC were not investigated. One of   the isolates 
had a fourfold reductio n in postregrowth MIC with the intro-
d uction of an   effl ux-pump inhibitor. In the ot her study, MICs of 
all aminoglycosides (pla   zomicin, ami kacin, arbe kacin  and gen-
tamic in) for co lonies showing  regrowth after exposure to plaz-
o micin were four- or eightfo ld higher than pre-exposure MICs 
[74]. Based on the u niform incre  ase in MICs against all tes ted 
aminogly   cosides, this increase w as attribut ed to effl ux pump 
upregulation, although  the existen ce of effl ux-pump genes was 
not confi r med. This type of inducible, adaptive aminoglycoside 
resistance is wel l known with le gacy aminoglycosides and has 
been des cribed with  various organisms including P. aeruginosa, 
E. coli and S. au reu s [75]. Expo sure to one  ami noglycoside leads to 
resistan ce to all members of the  class. The resistance is reversi ble 
with ac tivity of the aminoglycoside restored after va riable periods 
following removal of the inducing agent.

In vivo studies measuring surviv  al as a function of plazomicin con-
centrations were p erformed using a murine-septicemia model com-
parin g plazo micin, amikacin and gentami cin [65]. Se pticemia was 
 induced in a control and treatment group of ten CD-1 strain mice 
via intraper ito  neal injection of E. coli ATCC 25922 or P.  aerugin osa 
ATCC   27853 at twic e t he 90–100% lethal dose (LD). Antibiotic 
doses or ve   hicle (control) were injected subcutaneously 1 h later and 
mortality was moni tored for 7 days. Exact antibiotic doses w ere not 
reported. The control groups demonstrated 100% mortality, whereas 
plazomicin effi cacy was dose-dep endent with 100% surviva l at doses 
≥1.6 mg/kg for E. coli (MIC of 1) and >16 mg /kg for P  .  aer ug inosa 
(MIC of 2). Aga ins t E. coli, p  lazom ic in demonstrated  effi cacy  simi-
lar to that of gentamicin, while 100% survival w as observed for 
amikacin only at the highest dose  tested. Although gentamicin was 
more effective tha n plazomicin at lower doses against  P. aeruginosa , 
plazomicin produce d 1 00% survival  when dosed at identical levels 
to gentamicin. Amikacin showed ident ical effi cac y to plazomicin at 
lower doses but fai led to produce 100% survival at any dose. effec-
tive dose

50
/MIC values were 0.6 for plaz  omici  n, 0.6 for amikacin 

and  0.7 for gentamicin v ersus E. coli, and 4. 2 for plazomicin,  5.2 for 
gentamicin an d 11.2 for amikacin  versus P. aeruginosa.

Th e same authors e val uated the effi cacy of plazomicin com-
pared with a variet y of antibiotics, including gentamicin in 

Table 6.  Plazomicin pharmacokinetics in healthy 
volunteers receiving 15 mg/kg once daily for 
5 days.

Parameter Mean v  alue ± SD

 Cmax (µg/ml)† 113 ± 17

   AUC0–24 (µg × h/ml ) 239 ± 45

 Cmin (µg/m l) 0.43 ± 0.14

t½ (h) 4.0 ± 1.0

  CLss (l/h/kg) 0.065 ± 0.011

 Vss (l/kg) 0.241 ± 0.039
† Intravenous infusion over 10 min.
AUC: Area under the curve; CLss: Clearance at steady state; Cmax: Maximum 
concentration; Cmin: Minimum concentration; SD: Standard deviation; 
t1/2: Half-life; Vss: Steady-state volume of distribution.
Data taken from [73].

Table 7. Pharmacokinetic parameters for  plazomicin compared with other  aminoglycos ides.

Parameter  Plazomicin  Sisomicin  Amikacin  Gentamicin  Tobramycin

Dose (mg/kg)† 15 1 7.5 1 1

 Cmax (µg/m l) 144 ± 45.1 4.66 ± 1.24 37.5 ± 4.9 3.85 ± 0.67 4.40 ± 1.18

  AUC0–inf (µg x h/ml ) 246 ± 39.2 19.7 ± 5.8 140.4 ± 24.3 14.6 ± 2.7 18.1 ± 4.6

t½ (β) (h) 4.0 ± 1.0 2.03 ± 0.45 1.90 ± 0.41 1.6 ± 0.4 2.01 ± 0.30

Volume of distribution (l/kg) 0.20–0.26 (±0.03) 0.17 ± 0.07 0.18 ± 0.02 0.22 ± 0.05 0.18 ± 0.05

Clearance (l/h/kg) 0.080 ± 0.010 0.084 ± 0.054 0.095 ± 0.023 0.136 ± 0.063 0.092 ± 0.019

Protein binding (%) 12, 25 <10 <10 <10 <10
† Intravenous infusion over 10 min for  plazomicin, and 1 h for  sisomicin,  amikacin,  gentamicin and  tobramycin.
AUC: Area under the curve; Cmax: Maximum concentration; t1/2: Half-life.
Data taken from [68,69,71,73,77,78].
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a murine neutropeni c thigh model [6 5]. Male CD-1 mice were 
rendered  neutropen  ic and inoculated in the  right thigh with an 
 aminoglycoside-susceptible strain   (K. pneumoniae ATCC 43816, 
E. coli  AT CC 25922),  a multidrug- resistan  t strain (K.  pn eumoniae 
AKPN 1073, E. coli AECO 1003), a K.  pneumonia e- carbap  enemase 
produ cin  g strain (K.  pneumoniae AKPN 1109, S. marces cen s 
ASMA 1030)  or MRSA s  train (ATCC 33591) at  lev els previ-
ously    determined to be unlikely to produce mortality. Antibiotic 
or vehicle (control) was administered at 2 and 14 h, and the mean 
log CFU/ g of t high was determined at    26 h after bacterial inocula-
tion.  The antibiotic dose required to produce bacteriostasis was 
then calculate d. Plazomicin had dose- dependent effi  cacy against 
t he two aminoglycoside-susceptible strain  s with a static dose of 
11 mg/ kg/ day for E. coli ATCC 25922 and 7.8 mg/kg/ day for 
  K. pneumoniae ATCC 43816 (static  dos e/ MIC of 11  and 16, 
respectively) c  omparab le with  gentamicin at 7.8 mg/ kg/ day 
and 1 5  mg/ kg/day (static dose/MIC of  16 and 30), respectively. 
  Plazomi cin ret ained effi cacy agai nst both multidrug resistant 
strains with  static doses of 25 mg/kg/ day for E. coli AECO 1003  
and 12 mg/kg/day  for K.   pneumoniae AKPN 1073 (static 
do se/ MICs of 25  and 24), while gentami   cin up t o 64 mg / kg/ day 
was  unable to preven t bacterial growth. Plazomicin also 
retained effi cacy  against both K. pneumoniae- carbapenemase- 
produ    cing strains with static doses of 64 mg/ kg/ day for 
K. pneumoniae AKPN 1109 (static do se/ MIC of 110)  and 
37 mg/kg/day for   S. marcescens ASMA 1030 (static do se/ MIC of 
37),  while gentamicin was agai  n i neffective.  Plazomicin and gen-
tamicin showed  similar effi cac y against the MRSA ATCC 33591 
strain with stati    c dos  es of 54 mg/ kg/day (static dose/MIC of  14) and 
52 mg/kg/day (stat  ic dose /MIC of  13).

In vitro synergy test  ing bet ween   plazomicin and  dapto mycin, 
ceftob iprole and line zolid was ev aluated for 47 is olates of 
S. aureus with a b roa d range of r esi stance phenotypes,  including 
 h ospital-acquired MRSA, Panton-Va lentine leukocidin    posi-
t   ive community-acq uired MRSA, Panton-V  alentine leuko-
cidin    negat   ive community-acquired MRSA, heteroresistant 
 vancomycin-intermediate S. aureus, vancomycin-intermediate 
S. aureus and vancomycin-   resist  ant S.   aureus [7   6]. Time-kill 
assays were performed f or each drug alone at concentrations 
equivalent to an eighth, a quarter, a half , and one-, two- a nd 
f our-times  the MIC. Synergy time-kill assays wer  e performed 
o ver 24 h using plazomicin with one of   the other  agents at a 
half or a quarter of the  MIC. Synergy  was  defi ned as a 2 l  og

10
 

or greater reduction in C FU / ml count compared with the 
mo   st a ctive drug (and at least a 2 log

10
 reduction in CFU/ml 

count  c ompared with the in   itia l inoculation), antagonism was 
a 2 log

10
 or greater increase in CF U/ ml count, and ind ifference 

as    a r eduction or increase in CFU/ ml count less tha n 2 log
10

. 
S   yner gy was observed for  p lazomicin and daptomycin in 91% 
 of isolates, fo r plazo micin and ceft obiprole in 36 % of isolates, 
 and for plazomic in and  linezolid in 13% o f isolates. At  24 h, 
antagon ism was  only seen fo  r  plazo micin and linezolid in 4% 
of  isolates.

An i n vitro syner gy tim e-kill study   of plazomicin wit h cefepime, 
doripen em, imipenem and  piperacil lin-tazobac tam was perfo  rmed 

against 25 clinical isolates of P. aerugi nos a with a  range of phe-
 not ypes [63]. Defi nitions of synergy, indifference and antagonism 
as well as the method of determining synergy were identical to 
those described for the previous study. At 24 h, synergy was 
found for plazo   micin and cefepime in 80% of  isolates, for  pla-
zomicin a nd dori penem in 80% o f isolates, for  plazomicin a nd 
imip enem in 68% of  isolates, and  for plazomic in and  piperacillin- 
tazob actam in 92% of   isolates. No antagonism was obser ved for 
the  combinations studied.

Animal effi cacy
In a study assessing the effi cacy of plazomicin against Yersinia 
 pestis and  Francisella. tularensis infec tio n in co mpariso n with 
gentamicin, female BALB/c mice (ten per cohort) were    inocu-
lated wi th aerosol doses of the strain Y. pestis CO92 (25 × LD

50
) 

or F.  tul arensis  Schu  S4 (10   0 × LD
50

) 
 
[5 9]. Antibiotic treat-

ment co   mmenced 24 h after bacterial inoculation. F or Y.  pestis 
infection plazomicin was  dos ed at 48 mg/kg in travenously 
(iv.) once p er day for 3 or 5 days, and for F. tularensis  infec-
 tion  plazomicin  was  dosed either 48 mg/k g iv. once per day 
for 14 da ys, or 60 mg/ kg twice per day  for 5, 7 or  10 days. 
Gentamicin was do sed  at 48  mg/kg iv . for 3 or 5 days for 
Y.  pestis and for 1 4 day s for F. tu lar ensis. Untreate d control 
gr oup s demonstrated 100% mortality by day 3 for Y. pestis 
and day 5 for F. tu larens is.  All dosing reg imens  in  the Y. pestis 
cohorts produced signifi c ant ly increased survival (p < 0.05) 
compared with the control group (70% survival for plazomicin 
3 days,  90% for plazomic in 5 days a nd gentamicin 3  days and 
1 00% for gen tamicin 5 d ays). In the F. tular ensis cohor ts, the 
48-mg/kg /da y and 5-day 60-mg/kg/day   iv. plazomicin r  egi-
men  s delayed but  did not prevent mortality. The 7-, 10- and 
14-day plazomicin regi mens  and the   gentami cin regimen all 
signifi cantl y improved mortality (p < 0.05) compared with the 
control group (90%  survival for 7-day plazomicin and 100% 
survival   for th e rest).

A murine urinary tract infection effi  cacy model compar-
ing plazomicin, gentamicin and levofl o xacin was pe rformed 
where fe male C3H/HeJ mice (with diuresis induced    6 d  ays 
before the  beginning of and  maintained during the course of 
the study) were inoculated transurethrally with 8.8 log

10
 CFUs  

of E. coli ATCC 700336 [ 64]. A  ll three  agents   were adminis-
tered subcutaneously twice per day with doses ranging from 
0.125 to 8 mg/ kg for plazomicin, and 0.125 to 2 mg /kg for 
gentamicin, and with do ses of 0.125  and 0.5 mg/kg for levo-
fl oxacin. Treatment began 4 day s after bacterial inoculation  and 
lasted for 3 days. Urine, bladders and kidneys  were collected 
18 h after the fi nal dose. Compared  with controls, a reduction 
in CFUs was observed for all doses of    plazomicin (2.4–4.5, 
0.4–4.1 and 0. 2–4.5 mean log

10
 CFU reduction in the kidneys,  

bladd  er and urine, respectively) gentamicin (3.7–4.4, 2.1–2.5 
and 0. 8–3.6 mean log

10
 CFU reduction in the kidneys,  blad-

d  er and urine, respectively), and levofl oxacin (2.1–3.7, 1.5–2.9 
and  0.5 mean log

10
 CFU reduction in the kidneys,  bladd  er and 

urine, respectively); however, no statistical differences between 
agents were reported.
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Clinical trials
Plazomicin clinical effi cacy data a re limited  to a single Phase II 
trial, which is currently u nderwa  y   [103 ]. This is a mu  lti  center, 
multinational, randomized, double-blind, comparator, controlle d 
study in patients with complicated urinary tract infection and 
acute pyelonephritis including cases with  concurrent bacteremia. 
P lazomicin dosed iv. 15  mg/kg once  daily for 5 days is b eing 
compared with levofl  oxacin 750 mg also administer ed intrave-
nously for 5 days. This stud y is currently enr olling patients with 
an expected completion date in early 2012.

Adverse effects
Aminoglycosides as a class are know n for their  ototoxic  and 
nephrotoxic adverse ef fects [5]. In  a Phase I dose-escalation 
study   [74,101] , the safety of   pl  azomicin was assessed in 39 healt hy 
volunteers divided into  five groups (4, 7, 11 or 15 mg/kg 
 plaz omicin, pl ace bo  contro l) [69].  A single test dose of 4, 7, 11 or 
15 mg/kg was administer ed,  a  7-day  washout period followed, 
then   the same dosage was administered once daily for 10, 5 or 
3 days, respectively [69] . Re nal sa fety was monitored by daily 
testing of serum BUN and creatinine concentrations,   creatini ne 
clearance measurement by  24-h urine collection, and glomerul  ar 
fi ltration rate measured  by iothalamate clearance. No evidence 
 of nephrotoxicity was found during the  study. To assess cochlear 
effects, audiometry testing with bone conduc tion over 2–20 kHz 
and daily otoacoustic emis si on  testing was pe rformed. Vestibular 
function was monitored using electronystagmography and daily 
dyn amic visual acuity tests. Cochlear and vestibular function 
remained normal in test subjects. Tinnitus was reported by one 
subject in the 11-mg/kg group and one in the 15-mg  /kg group, 
but both events wer  e reported before the multidose phase of the 
trial commen ced and were determined to not be drug related. 
Both subjects were fo und to have normal cochlear and vestibular 
function. Dizziness was reported by one or two subjects in each 
cohort but  each  reported that the event resolved rapidly with no 
lasting effects. Treatment emergent adverse events were reported 
across all dose cohorts including the placebo group; all events 
were mild or moderate.

In another Phase I study, eight healthy volunt eers received iv. 
15 mg/kg plazomicin or placebo once  per day  for 5 days   [75,102] . 
BUN and serum   cr  eatinine measuremen ts were perfor med daily 
during the study to monitor renal function. Cochlear and ves-
tibular function was monitored using four types of tests (pure 
tone audiometry, otoacoustic emissions t esting, elec tronystag-
mography, and modifi ed  Romberg testing), assessed at base-
l ine (predosing), daily during the dosing  period for otoacoustic 
emissions testing and m odifi ed Romberg testing, and at 1 week 
afte r dosing for pure tone a udiometry and electronystagmogra-
ph y. Subjects wer e monitored for renal and ototoxic effects for 
6 months. Drug -related treatment em ergent eve nts were reported 
in all subjects in both cohorts and were mild to moderate in 
the drug group  and mild in the placebo group. All events were 
reported as transient with no lasting effects. No evidence of 
cochlear/ vestibular toxicity or renal toxicity was observed dur-
ing the drug- administration period or the s ubsequent 6-month 

monitoring period. Electroc  ardiograms were performed 10 and 
30 min after the fi rst dose  in the  series. Cardiac monitoring 
showed no QT interval   increase greater or equal to 30 s and no 
QTc in excess of 450 m s.

The ototo   xicity potential of plazomicin  was compared with gen-
tam icin and amikacin in a guinea  pig model [72] . Plazomicin (8, 30 
and 80 mg/kg/day) , gentamicin  (2 5, 50,  80 and 100 mg/ k g/ day), 
amik acin  (75 , 150 and 300 mg/kg/day ) and a co ntrol were admin-
istered subcutaneously once daily for 14 days. Hearing loss was 
assessed  via auditory brainstem response with threshold values 
measured at 4, 10 and 20 kHz before the dose se rie s and a gai n 
14 days after administration of the  fi nal dose. Auditory brainstem 
response testing showed signifi cant hearing loss with gentamicin 
80 mg/kg at 4 kHz (p < 0 .05), 10 kH z (p < 0.001 )  and 20 kHz 
(p <  0.0 01) gentamicin 100  mg/ kg at 20 kHz (p <  0.001) amika-
cin 150 mg /kg  at 20 kHz (p < 0 .05) and amikacin 300  mg /kg at 
4 kHz (p < 0. 001), 10 kHz (p < 0.00 1)  and 20 kHz (p <  0.0 01). By 
contrast, no  si gnifi cant hearing loss was reported with any dose of 
plazomicin. At the end of the study  period, hair-cell damage was 
assessed in th e dissected cochleae of each animal via microscopic 
histological examination. Animals receiving gentamicin, and ani-
mals receiving a mikacin, displayed aminoglycoside  dose-related 
hair-ce ll loss with an d without ass ociated hearing loss. In contrast, 
there were no reports of aminoglycoside associated hair-cell  loss 
in the plazomicin gr oup. Mild hair-cell lo ss not consistent with 
 expected aminoglycoside-induced cell damage   was observed at 
30 and  80 mg/kg doses of plazomicin  but wa s attributed to th e 
animal model and not distinguishable from hair-cell loss in the 
control group .

At this time, animal and  Phase I studies with  plazomicin sug-
gest no  oto- or  nephrotoxicity; however, further  clinical studies are 
required to fully elucidate the adverse effect profi le of  plazomicin.

Drug interactions
Similar to other  aminoglycos ides,  plazomicin is primarily elimi-
nated  renally with minimal hepatic clearance [69]. In an   in vitro 
study [70], human   cytochrome  P450 (   CYP450)  isoforms  1A2, 
 2C9,  2C19,  2D6 and  3A4 and fl uorescent probe substrates were 
incubated in the presence of  25 µM p lazomicin and fl uorescent 
inhibition was measured. P lazomicin was found to have no inhibi-
tory effect on the examined c ytochrome enzymes and is thus 
not expected to interact with drugs that are C   YP450 substrates, 
inhibitors or inducers.

Conclusion
P lazomicin is a n ext-generation a minoglycoside developed to 
counteract all clinically relevant a  minoglycoside modifying 
enzymes (the most common r esistance m echanism) that reduce 
the utility of the a minoglycoside c lass. P lazomicin is s emisyn-
thetically derived from s isomicin, and this chemical structure 
confers on it the ability to evade the activity of all known a  mi-
noglycoside-modifying enzyme families, except one (A   AC(2 ′)-I). 
Pl azomicin demonstrates ex cellent in   vitro activity against a 
wide range of Gr am-negative and Gr am-positive organisms, 
with in   vitro activity comparable with ge ntamicin, am ikacin 
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and to bramycin against am  inoglycoside-susceptible is olates and 
much greater activity versus comparator am inoglycosid es versus 
am  ino glycoside-resistant is olates. Pharmacokinetic properties of 
pl azomicin are predictable and linear, with a profi le similar to 
other members of the am inoglycoside family. Pl azomicin demon-
strates do se-dependent bactericidal activity in animal models and 
effi cacy similar to or better than am inoglycoside comparators. 
Excellent in   vitro synergy is observed between pl azomicin and 
da ptomycin, as well as pl azomicin and pi  peracillin-tazobactam; 
synergy with pl azomicin also occurs with ce fepime and with 
do ripenem. Participants in Ph ase I studies reported only transient, 
mi ld-to-moderate adverse effects from pl azomicin. Although ani-
mal model da ta assessing the ne phrotoxicity and ot otoxicity of 
pl azomicin showed  promising results, more research is needed 
in this area.

Expert commentary & fi  ve-ye ar view
Clinical use of the legacy am inoglycosid es is on the rise recently 
in response to increasingly limited options for the treatment 
of mu ltidrug-resistant bacteria; however, this in crease in use 
has been limited by bacterial re sistance and the potential, even 
with the advent of ex tended-interval dosing, for severe adverse 
effects. Pl azomicin retains activity against important cl inical 
is  olates including K.  pn eumoniae, E. coli, P.  ae ruginosa, A.  ba u-
mannii and S.  au reus in the presence of all clinically relevant 
AM Es, the most common me chanism of re sistance against the 
am inoglycosid es. In the future, pl azomicin may be able to fi ll 
the role in antibacterial therapy currently occupied by other 
am ino glycosid es (e.g., in  urinary tract infections, pneumo-
nia, ba ctere mia and in  tra abdominal infections, primarily in 
combination with other agents) where re sistance to other am i-
noglycosid es is known or suspected, or where severe infection 
dictates empirical treatment with  maximum chance for success. 
If  initial results showing lack of ne phrotoxicity and ot otoxicity 
from pl azomicin are verifi ed, or if toxicity due to pl azomicin 
is simply found to be signifi cantly lower than that of the other 

am inoglycosid es, pl azomicin may become the am inoglycoside 
of choice. Wid espread use of an am ino glycoside not susceptible 
to am   inoglycoside-modifying enzymes (i.e., pl azomicin) may 
increase selective pressure for the acquisition and retention of 
ribosome me thyl tr ansferase enzymes (currently of limited cl ini-
cal signifi cance), but if the pattern of AM E dissemination is 
predictive of that of the me thylating enzymes, this would only 
become a major concern over a long period of time. The phar-
macokinetics of pl azomicin in healthy subjects are suffi ciently 
similar to the other am inoglycosid es to allow clinicians to adapt 
current am inoglycoside dosing and monitoring practices for use 
with pl azomicin. The pharmacokinetics of pl azomicin remain 
to be determined for various types of patients including those 
with various illnesses, elderly patients, obese individuals, chil-
dren and neonates. Further studies are also required in the areas 
of drug in teraction and in  vivo synergy. Pl azomicin is still in 
the early stages of FD  A testing, and the activity profi le and 
details of the toxicity profi le of pl azomicin still need to be veri-
fi ed in la rge-enrollment cl inical trials. Results from a Ph ase II   
trial comparing pl azomicin to le vofl oxacin for the treatment of 
complicated urinary tract in fections including py elonephritis 
(expected completion date: early 2012) are eagerly anticipated. 
Pending positive results from needed cl inical studies and la rge-
scale cl inical trials, pl azomicin has promise to be a welcome 
addition to the antibacterial armamentarium in light of increas-
ing bacterial re sistance and the lack of new agents with novel 
mechanisms.
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Key issues

• Pl azomicin is a ne xt-generation am inoglycoside synthetically derived from si somicin by appending a hy  droxy-aminobutryic acid 
substituent at position 1  and a hy droxyethyl substituent at position 6′ .

• Plaz omicin inhibits bacterial protein synthesis and exhibits dose -dependent bactericidal activity.

• Plazo micin demonstrates activity against both Gram- negative and Gram- positive organisms, including isola tes harboring any of the 
clinically relevant amino  glycoside-modifying enzymes.

• Plazo micin demonstrates in vi  tro synergy when combined with dapto mycin or cefto biprole versus methi   cillin-resistant Staph  ylococcus 
aureu s, heter oresistant vanco  mycin-intermediate S. au reu s, vanco  mycin-intermediate S. aureus, and vanco  mycin-resistant S. au reu s and 
against Pseud  omonas aerug inosa when combined with cefep ime, dorip enem, imipe nem or piper  acillin-tazobactam.

• After intra venous administration of plazo micin to humans at a dose of 15 mg /kg, the maximum concentration   was 113 µg/ml, the area 
under the curve0–2   4 was  239 h·µg/ml , the half-life was 4.0 h and the steady-state volume of distribution was 0.  24 l/kg.

• Results from a Phase II ra ndomiz  ed, double-blin d study in patients with complicated urinary tract infection and acute pyelonephri tis 
including cases with  concurrent bacteremia  comparing plazomicin  15 mg/kg in travenously once daily for 5 days to l evofl oxaci n 750 mg 
intravenously for 5 days are  anticipated in 2012.

• Human studies to date have not reported nephrotoxic ity or ototoxicity , and lack of ototoxicity  has been reported in the guinea pig model.

• Plazomicin  may become a welcomed addition to the antibacterial armamentarium pending positive results from large-scale  clinical tr ials 
and other required clinical st udies.
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