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Abstract Eravacycline is an investigational, synthetic
fluorocycline antibacterial agent that is structurally simi-
lar to tigecycline with two modifications to the D-ring of
its tetracycline core: a fluorine atom replaces the
dimethylamine moiety at C-7 and a pyrrolidinoacetamido
group replaces the 2-tertiary-butyl glycylamido at C-9.
Like other tetracyclines, eravacycline inhibits bacterial
protein synthesis through binding to the 30S ribosomal
subunit. FEravacycline demonstrates broad-spectrum
antimicrobial activity against Gram-positive, Gram-neg-
ative, and anaerobic bacteria with the exception of
Pseudomonas aeruginosa. Eravacycline is two- to four-
fold more potent than tigecycline versus Gram-positive
cocci and two- to eightfold more potent than tigecycline
versus Gram-negative bacilli. Intravenous eravacycline
demonstrates linear pharmacokinetics that have been
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described by a four-compartment model. Oral bioavail-
ability of eravacycline is estimated at 28 % (range
26-32 %) and a single oral dose of 200 mg achieves a
maximum plasma concentration (Cp,,x) and area under the
plasma concentration-time curve from 0 to infinity
(AUCy_) 0of 0.23 £ 0.04 mg/L and 3.34 £ 1.11 mg-h/L,
respectively. A population pharmacokinetic study of
intravenous (IV) eravacycline demonstrated a mean
steady-state volume of distribution (V) of 320 L or
4.2 L/kg, a mean terminal elimination half-life (t,,) of
48 h, and a mean total clearance (CL) of 13.5 L/h. In a
neutropenic murine thigh infection model, the pharma-
codynamic parameter that demonstrated the best correla-
tion with antibacterial response was the ratio of area under
the plasma concentration-time curve over 24 h to the
minimum inhibitory concentration (AUC(_54,/MIC).
Several animal model studies including mouse sys-
temic infection, thigh infection, lung infection, and
pyelonephritis models have been published and demon-
strated the in vivo efficacy of eravacycline. A phase II
clinical trial evaluating the efficacy and safety of erava-
cycline in the treatment of community-acquired compli-
cated intra-abdominal infection (cIAI) has been published
as well, and phase III clinical trials in cIAI and compli-
cated urinary tract infection (cUTI) have been completed.
The eravacycline phase III program, known as IGNITE
(Investigating Gram-Negative Infections Treated with
Eravacycline), investigated its safety and efficacy in cIAl
(IGNITE 1) and cUTI (IGNITE 2). Eravacycline met the
primary endpoint in IGNITE 1, while data analysis for
IGNITE 2 is currently ongoing. Common adverse events
reported in phase I-III studies included gastrointestinal
effects such as nausea and vomiting. Eravacycline is a
promising intravenous and oral fluorocycline that may
offer an alternative treatment option for patients with
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serious infections, particularly those caused by multidrug-
resistant Gram-negative pathogens.

Key Points

Eravacycline’s potent in vitro activity against a
broad-spectrum of Gram-positive and Gram-negative
organisms along with intravenous and oral dosing
make this new fluorocycline an alternative treatment
option for patients with serious infections
(particularly those caused by multidrug-resistant
pathogens) in both hospital and community settings.

While eravacycline possesses many qualities of the
ideal antimicrobial for treating complicated intra-
abdominal infections and complicated urinary tract
infections, more clinical efficacy and safety data are
required to fully determine its role in treatment of
infectious diseases.

Pharmacoeconomic considerations will also help to
further elucidate eravacycline’s place in the
clinician’s arsenal of antimicrobials against Gram-
positive and Gram-negative infections.

1 Introduction

The first tetracycline, chlortetracycline, was originally
isolated from Streptomyces aureofaciens and introduced
into human clinical use in the 1940s [1, 2]. In the 1950s,
tetracycline was produced from chlortetracycline by cat-
alytic dehalogenation. The tetracycline class was advanced
by the development and market approval of other
semisynthetic (second-generation) tetracyclines, doxycy-
cline in late 1960s and minocycline in the early 1970s.
Tetracyclines are broad-spectrum antibacterial agents that
have been useful in the treatment of a variety of infections
ranging from community-acquired respiratory tract infec-
tions to less severe conditions such as acne [1, 2]. Unfor-
tunately, their widespread use in human and veterinary
medicine as well as in agriculture has led to the develop-
ment of substantial bacterial resistance and subsequently to
decreased utility for indications such as intestinal, respi-
ratory, and urinary tract infections [3, 4]. Efflux pumps and
ribosomal protection proteins are the primary mechanisms
responsible for resistance to tetracyclines and are present in
both Gram-positive and Gram-negative bacteria [1, 5].
Tigecycline, the first marketed intravenous glycylcycline,
was developed using semisynthetic methods and received
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US Food and Drug Administration (FDA) approval in
2005. It represented a major step forward for the tetracy-
cline class as it retained its broad-spectrum activity against
both Gram-positive and Gram-negative bacteria including
isolates expressing tetracycline efflux pump and ribosomal
protection resistance mechanisms [1, 2, 5].

While semisynthetic processes have been important in
the development and production of several tetracyclines
and glycylcyclines, these methods have an inherent limi-
tation in the diversity of functional groups that can be
introduced at C-7 and C-9 of the tetracycline core D-ring
(Fig. 1) [6, 7]. This limitation was resolved by the devel-
opment of a total synthesis route, that allows for a greater
array of chemical modifications to be made to the tetra-
cycline core, including substitutions on the D-ring at car-
bons C-7, C-8, and C-9 [6]. Tetraphase Pharmaceuticals,
Inc. (Watertown, MA, USA) has employed this total syn-
thesis process to generate many new tetracycline candi-
dates including the new fluorocycline, eravacycline,
previously known as TP-434 [8].

In vitro studies have demonstrated that eravacycline has
broad-spectrum activity against both Gram-positive and
Gram-negative aerobic and anaerobic pathogens including
important antimicrobial resistant pathogens such as
methicillin-resistant Staphylococcus aureus (MRSA), van-
comycin-resistant enterococci (VRE), and extended-spec-
trum B-lactamase (ESBL)-producing and carbapenemase-
producing Enterobacteriaceae and multidrug-resistant
Acinetobacter baumannii [9-11]. Similar to tigecycline,
eravacycline retains its activity in the presence of the most
common tetracycline resistance mechanisms, efflux pumps
and ribosomal protection proteins [9, 10].
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Fig. 1 Chemical structures of eravacycline and tigecycline
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Both intravenous and oral formulations have been
developed for eravacycline [9]. Eravacycline has com-
pleted one phase II clinical trial for the treatment of
community-acquired complicated intra-abdominal infec-
tions (cIAls) and has completed phase III clinical trials for
the treatment of cIAls and complicated urinary tract
infections (cUTIs) [12].

This article reviews existing published data on erava-
cycline, including relevant chemistry, mechanism of
action, mechanisms of resistance, microbiology, pharma-
cokinetics, pharmacodynamics, efficacy, and safety data
from animal and clinical trials. A comprehensive literature
search was conducted using MEDLINE, SCOPUS, and
databases of scientific meetings from 2005 to October 2015
for all materials containing the terms “eravacycline” or
“TP-434.” These results were supplemented by bibliogra-
phies obtained from Tetraphase Pharmaceuticals, Inc.

2 Chemistry

The basic chemical structure of tetracyclines is formed by
four cycles or rings (A, B, C, and D) and is known as the
tetracycline core. Carbons C-1, C-3, C-10, C-11, C-12, and
C-12a are substituted with oxygen atoms. C-4 is most
commonly a dimethylamine, and C-5, C-6, and C-7 may be
replaced with diverse substituents. Eravacycline (7-fluoro-
9-pyrrolidinoacetamido-6-demethyl-6-deoxytetracycline)
is a new tetracycline analog with a fluorine atom at C-7 and
a pyrrolidinoacetamido group at C-9 position in the D-ring,
distinguishing it from previous tetracyclines and tigecy-
cline (Fig. 1) [6, 13]. The synthesis of eravacycline would
not have been practical using the traditional semisynthetic
process [6, 8].

Structure-activity relationships (SARs) of tetracyclines
are summarized in Fig. 2. The tetracycline derivative,

R=F
Fluorine atom is added
at C-7 to form fluorocyclines

o]
Ry = C\N\)j\N/
H

Eravacycline is formed by
addition of pyrrolidino
acetamido group at C-9

More polar or basic compounds
at C-9 result in better antibacterial
activity

Keto-enol
system in
proximity

7-fluoro-9 aminoacetamido-6-dimethyl-
6-deoxytetracycline
Where | (0]

Ry = /N\)J\N/

for activity

to D ring important

(a-stereochemical configuration
important for activity

Removal of dimethylamine reduces
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» |Alkylation of amide nitrogen
reduces activity

» [ Replacements with groups such as
[aldehyde or nitrile reduces activity

a-stereochemical configuration
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of activity

Must retain linear fused ring system;

—>| Secondary and tertiary amines preferred
compared to aromatic amines or alkyl

Alkylation at C-11 results
in inactive compounds

rings must be six membered and purely
carboxylic

amines with weak basicity

= | Pyrrolidine group more potent than

other cyclic alkylamines (azetidine and
piperidine)

=> | Bicyclic pyrrolidine and additions such as
polar substituents or fluorine atoms to the
pyrrolidine group showed no improvement in
activity

\ J

Modifications of positions 1, 3, 4a and
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*Targets for chelation with divalent cations

Fig. 2 General structure-activity relationships for tetracyclines (adapted from references [1, 6, 14])
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6-deoxy-6-demethyltetracycline, is the most basic mole-
cule to retain antibacterial activity and is considered the
minimum pharmacophore for this structural class [1]. The
naturally occurring o stereochemical configuration at C-4a
and C-12a and the keto-enol system (C-11 and C-12) close
to the D- and A-ring of the tetracycline core ring system are
important for the antibacterial activity of tetracyclines [13].
The hydrophilic southern and eastern faces of tetracyclines
(C-1, C-2, C-3, C-4, C-10, C-11, C-11a, C-12, and C-12a)
cannot be altered without the loss of antibacterial activity
[14]. The enolized tricarbonylmethane system at C-1 and
C-3 must remain intact for potent activity [14]. The alky-
lation or replacement of the C-2 amide with functional
groups such as aldehydes or nitriles reduces activity [14].
In vitro activity improves when a dimethylamino group at
C-4 is in the o-position, and decreases when this group is
removed [14]. Furthermore, the addition of alkylamines
higher than primary or N-methyl secondary amines, can
lead to reduced activity [14]. The cis A/B ring fusion and
the B-hydroxyl group at C-12a are required for activity;
substitution of the B-hydroxyl group with esters generally
leads to inactivity [14]. An enolizable B-diketone at C-11
and C-12 is important as alkylation of C-11 results in
inactive products [14]. The formation of a double bond
between C-5a and C-1la and the aromatization of the
C-ring lead to decreased activity [14].

The C-5, C-5a, C-6, C-7, C-8, and C-9 of the tetracy-
cline core comprise the hydrophobic northern and western
faces of tetracycline [14]. This area can undergo modifi-
cation with retention or even improvement in antibacterial
activity [14]. Substitution at C-7 with strong electron
withdrawing groups (e.g., chlorine or nitro groups) or
electron donating groups (e.g., dimethylamino group) can
enhance activity [14]. Tetracycline derivatives lacking a
hydroxyl group at C-6 result in greater lipid solubility as
demonstrated by the absorption of oral doxycycline and
minocycline [14]. The diketone system (C-11 and C-12),
enol (C-1 and C-3), and carboxamide (C-2) of tetracyclines
act as chelation sites for cations such as calcium, magne-
sium, and iron, however, is also required for binding to
ribosomal RNA [1, 13].

Generally, for fluorocyclines, it has been observed that
the more polar or basic substituents attached to the C-9
position (R in Fig. 2) result in better antibacterial activity,
especially against Gram-negative bacteria [7]. Xiao et al.
[6] studied the antibacterial activity of different analogs of
7-fluoro-9-aminoacetamido-6-demethyl-6-deoxytetracycli-
nes against a panel of Gram-positive (S. aureus, Entero-
coccus faecalis, Streptococcus pneumoniae) and Gram-
negative (Escherichia coli, Acinetobacter baumannii,
Pseudomonas aeruginosa, Enterobacter cloacae, Kleb-
siella pneumoniae) bacteria, including isolates with known
tetracycline-resistant genes (S. aureus [tet(M) and tet(K)],
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E. faecalis [tet(M)], S. pneumoniae [tet(M)], E. coli
[tet(A)], and K. pneumoniae [tet(A)]). In general, it was
observed that small secondary or tertiary amines at C-9 had
a lower minimum inhibitory concentration (MIC) against a
majority of the isolates compared to substituents such as
aromatic amines and alkylamines with weak basicity.
Compared to the tertiary alkylamine analogs, dimethyl,
azetidine, and piperidine, the pyrrolidine analog (eravacy-
cline) was eight to 16 times and four to eight times more
potent against K. pneumoniae (tet(A)) and E. coli (tet(A)),
respectively. Additionally, eravacycline was four- to
64-fold more potent than azetidine and piperidine analogs
against all the bacterial isolates tested, with the exception
of S. pneumoniae (with and without tet(M)) where equiv-
alent antibacterial activity was observed. Overall, for
pneumococci, the addition of polar substituents, fluorine
atoms, or bicyclic pyrrolidine analogs showed no
improvement or less activity compared to the unsubstituted
pyrrolidine analog.

3 Mechanism of Action

Tetracyclines inhibit the elongation phase of protein syn-
thesis by binding to the 30S ribosomal subunit of bacteria
(specifically 16S rRNA) and blocking the attachment of
aminoacyl tRNA to the acceptor (A) site in the mRNA-
ribosome complex [14, 15]. This action prevents amino
acid residues from incorporating into the peptide chain,
thus inhibiting protein synthesis [1, 15]. This mechanism of
action is generally bacteriostatic as the interaction between
tetracyclines and ribosomes is reversible [1, 15]. However,
eravacycline shows species- and strain-specific cidality.
Tetracyclines generally enter Gram-negative bacterial cells
through outer membrane porins OmpF and OmpC [1]. It is
speculated that tetracyclines pass through these porin
channels as magnesium-tetracycline coordination com-
plexes with subsequent dissociation of free tetracycline
prior to diffusion through the lipid bilayer of the cyto-
plasmic membrane [1]. Alternatively, tetracyclines may
enter bacterial cells via passive diffusion or active trans-
port, the latter requiring both ATP and Mg>* for active
uptake [14].

Using a [*H]-tetracycline competition assay, Grossman
et al. [10] determined the ability of eravacycline, tigecy-
cline, tetracycline, and erythromycin to compete with [*H]-
tetracycline in binding to purified 70S ribosomes. In the
presence of purified 70S ribosomes and [*H]-tetracycline,
increasing concentrations of each unlabeled agent were
used to determine its ICsq (the concentration of agent
inhibiting 50 % of ribosomes). The ICsgs of eravacycline
tigecycline and tetracycline were 0.22 £ 0.07,
0.22 + 0.08, and 3.00 £ 1.15 uM, respectively, and are
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consistent with eravacycline and tigecycline outcompeting
tetracycline for its binding site on the ribosome. As
expected, the control agent erythromycin (that binds to the
50S ribosomal subunit) did not compete with [H]-tetra-
cycline for binding to purified 70S ribosomes.

In another study, investigators used an E. coli-coupled
in vitro transcription/translation system that quantitated
inhibition via a firefly luciferase readout (luminescence) to
assess the inhibition of translation by eravacycline and
tetracycline [6]. The ICsq (50 % inhibition of translation
compared to untreated controls) was more than seven times
lower for eravacycline (0.62 uM) than for tetracycline. The
activity of eravacycline, tigecycline, and tetracycline
against TetM-protected ribosomes was also tested using the
same E. coli-coupled in vitro transcription/translation assay
[10]. The average ICsos compared to the untreated controls
were 0.29 £ 0.09, 0.08 £ 0.01, and 1.26 £ 0.48 mg/L for
eravacycline, tigecycline, and tetracycline, respectively.
The average ICsos for eravacycline and tigecycline for
TetM-protected ribosomes were equivalent to ICsgs for
non-TetM-protected  ribosomes  (0.27 & 0.16  and
0.09 &+ 0.04 mg/L, respectively) whereas the ICsy for
tetracycline was fivefold higher for TetM-protected ribo-
somes. Thus it is clear that eravacycline inhibits translation
in both wild-type ribosomes as well as TetM-protected
ribosomes.

4 Mechanisms of Resistance

The four mechanisms known to confer tetracycline-specific
resistance are efflux pumps, ribosomal protection proteins
(RPPs), drug degradation, and rRNA mutations [5]. Of
these mechanisms, efflux pumps and RPPs are by far the
most prevalent [5]. Some species of Gram-negative bac-
teria also demonstrate innate resistance to tetracyclines due
to specific lipopolysaccharide components in their outer
membranes [4, 5]. The tetracycline resistance genes are
summarized in Table 1 [1, 4, 5, 16-21].

Tetracycline-specific efflux pumps can be found in the
cell membranes of both Gram-positive and Gram-negative
bacteria [5, 13]; these are divided into seven groups based
primarily on sequence homology [5]. The largest group of
efflux pumps are the Group 1, drug-H" antiporters (e.g.,
TetA), comprised of 12 transmembrane helices, that
transport tetracycline against a concentration gradient
through a proton exchange mechanism [5]. Group 1, drug-
H™ antiporters are the most common tetracycline resistance
mechanism found in Gram-negative bacteria [5]. Although
most tetracycline-specific efflux pumps bestow resistance
to tetracycline, inconsistent resistance to minocycline, and
no resistance to tigecycline or eravacycline [13], certain
efflux pumps, such as TetB, confer resistance to tetracy-
cline and minocycline [13]. The expression of genes coding
for efflux pumps are frequently regulated by a Tet repressor
(TetR) protein that blocks constitutive transcription by
binding to upstream operator regions of tet genes [4, 5]. In
the presence of tetracycline, TetR preferentially binds to
tetracycline, dissociating it from the operator region, thus
allowing synthesis of the efflux protein to be initiated [4,
51

Sutcliffe et al. [11] evaluated the activity of eravacycline
against a strain of S. aureus (SA984) demonstrating up-
regulated expression of MepA, a multidrug-resistant efflux
pump that confers resistance to tigecycline. The MIC of
eravacycline increased from 0.004 mg/L. (MepA-negative
parent isolate, SA983) to 0.016 mg/L in S. aureus
expressing MepA compared with an increase in the tige-
cycline MIC from 0.016 to 1 mg/L (the FDA tigecycline
MIC breakpoint for S. aureus is <0.5 mg/L). Thus, it does
not appear that eravacycline resistance in the clinic will be
mediated by mepA.

RPPs sterically weaken interactions between tetracy-
cline and its ribosomal binding site, promoting dissociation
of tetracycline and the ribosome, so that amino-acyl tRNAs
may bind to the A site, enabling protein synthesis to pro-
ceed [4]. RPPs share a high degree of homology with
translation elongation factors, EF-Tu, and EF-G GTPases

Table 1 Tetracycline resistance mechanisms and associated resistance genes®

Tetracycline Tetracycline resistance gene

resistance mechanism — -
Gram-positive bacteria

Gram-negative bacteria

Efflux pump
tetd(, tetd5, otrB, otrC, tcr3

tetM, tetQ, tetP, tetQ, tetS, tetT, tetW, tetZ,
tetB(P), tet32, tet36, otrA

Ribosomal protection
protein

Drug degradation

rRNA mutations G1058C

tetK, tetL, tetV, tetZ, tetAP, tetAB, tet33, tet38,

tetA, tetB, tetC, tetD, tetE, tetG, tetH, tetl, tet], tetK, tetl, tetY,
tet30, tet31, tet34, tet35, tet39, tetd1, tetd2

tetM, tetQ, tetQ, tetS, tetW, tet36, tetd4

tetX, tet34, tet37
A926T, G927T, A928C, AG942

? Adapted from references [1, 4, 5, 16-21]; see also Roberts: http://faculty.washington.edu/marilynr/
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[4]. TetO and TetM are the most prevalent RPPs identified
in clinical isolates of Gram-positive and Gram-negative
bacteria [4].

Tetracycline inactivation occurs via tet(X) and ter37
gene products that encode for FAD-dependent monooxy-
genases [5]. These enzymes use NADPH and oxygen to
modify tetracyclines through hydroxylation of C-11a (on
the tetracycline core), resulting in an unstable compound
that undergoes non-enzymatic decomposition [4, 5].
Additionally, the hydroxylated C-11a has been reported to
disturb the binding of tetracycline to magnesium that will
reduce its affinity for the ribosome [5].

Mutations in the 16S rRNA have also been reported to
confer resistance to tetracyclines [5]. The first reported
mutation was a point mutation at position 1058 (G1058C
E. coli numbering system) in helix 34 of the 16S rRNA in
Propionibacterium acnes [4, 5]. An increase in the MIC of
tetracycline, doxycycline, and minocycline was reported in
P. acnes with three homozygous copies of rRNA with the
G1058C mutation [5]. Tetracycline has demonstrated a
lower affinity for ribosomes with the G1058C mutation
compared to wild-type ribosomes [5]. The G1058 of wild-
type ribosomes forms a base-pair interaction with U1199 in
helix 34 of 16S rRNA [5]. It is speculated that the dis-
ruption caused by the G1058C mutation decreases the
affinity of tetracycline to form a coordination complex with
Mg " due to conformational perturbation of the G1197 and
G1198 sites that interact with it [5].

Grossman et al. [10] studied the in vitro activity of
eravacycline and comparators against unrelated isolates of
Propionibacterium acnes containing the ermX gene (con-
fers erythromycin resistance), a 23S rRNA A2058G
mutation (confers macrolide, lincosamide, and strep-
togramin B resistance) or the previously mentioned 16S
rRNA G1058C mutation. In P. acnes isolates with the
ermX gene and in ATCC 6919 control strain, the MICs for
eravacycline were 0.016 and 0.063 mg/L, respectively. In
two non-isogenic P. acnes isolates harboring a 16S rRNA
G1058C mutation, the MIC of eravacycline in both isolates
was elevated to 1 mg/L. The MIC for tigecycline was
0.5 mg/L for P. acnes ATCC 6919 and the strain carrying
the ermX gene, and 2 mg/L in both P. acnes isolates with
the 16S rRNA G1058C mutation.

Abdallah et al. [22] identified a significant (P = 0.002)
correlation between the MIC of eravacycline and the
expression of adeB efflux genes in 38 isolates of Acineto-
bacter baumannii (MIC range 0.06-4 mg/L) using multiple
regression analysis. The disruption of the adeB gene in a
hyper-expressing isolate of A. baumannii (40 times greater
than control) reduced the eravacycline MIC from 2 to
0.25 mg/L. In isolates with normal expression of adeB (1.4
times greater than control), the MIC of eravacycline
remained unchanged (0.25 mg/L) when adeB was disrupted.
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Grossman et al. [10] determined the MICs of erava-
cycline, tigecycline, doxycycline, and minocycline
against isogenic strains of E. coli with induced expression
of tet(M), tetK, tetB, tetA, or tetX gene mutations. The
results were compared against the parental E. coli
expressing only lacZ (negative control) to determine
antimicrobial activity against the listed resistance mech-
anisms. The activity of eravacycline remained unchanged
against E. coli expressing tet(M) (0.06 mg/L), consistent
with the results from the E. coli-coupled in vitro tran-
scription/translation assay previously mentioned in
Sect. 3. The MIC of tigecycline increased from 0.06 mg/L
(negative control) to 0.13 mg/L against E. coli expressing
tet(M). The MICs for eravacycline tested against E. coli
expressing tet(K) and re#(B) remained relatively unchan-
ged at 0.03 mg/L and 0.06 mg/L, respectively. As with
eravacycline, the MIC for tigecycline against E. coli
expressing tet(K) and fe#(B) remained unchanged at
0.06 mg/L. For E. coli overexpressing tet(X) (a gene
mutation affecting drug degradation), the MIC of erava-
cycline and tigecycline increased 64- and 32-fold,
respectively, compared to the negative control. For E. coli
expressing tet(A), the MICs for eravacycline and tigecy-
cline increased by fourfold and 16-fold, respectively,
compared to the negative control. The results reported by
Grossman et al. [10] suggest that eravacycline is not
affected, or only minimally affected, by common efflux
pumps (tetA, tetB, tetK) and RPP (tetM) tetracycline
resistance genes. The MICs of doxycycline and minocy-
cline tested against the same collection of E. coli isolates
increased by 2- to 32-fold, and 2- to 128-fold, respec-
tively, compared to the negative control.

5 Microbiology

Currently available data describing the in vitro activity of
eravacycline against Gram-positive, Gram-negative, and
anaerobic bacteria are summarized in Tables 2, 3, and 4
[11, 12, 22-36]. The MIC data from various studies were
pooled with the MIC range consisting of the lowest and
highest recorded MIC values. However, due to the limited
availability of eravacycline data for some bacterial species
(primarily anaerobes), the results from a single study are
presented. Data for comparators were derived from pooled
results from studies assessing the activity of eravacycline
as well as from previous studies not evaluating eravacy-
cline activity [11, 12, 22-36].

Table 2 depicts the activity of eravacycline against
Gram-positive aerobic bacteria, including isolates with
common resistance phenotypes. FEravacycline demon-
strated MICs5o and MICqy values <0.25 mg/L for all
staphylococci, streptococci, and enterococci regardless of
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Table 2 In vitro activity (MIC, mg/L) of eravacycline and comparators against Gram-positive aerobic bacteria®

Bacteria Eravacycline Tigecycline Meropenem Piperacillin-tazobactam
MICs MICy, MIC Range MICs MICy MICs MICy, MICs MICy,
Staphylococcus aureus
MSSA 0.06 0.12 <0.015-0.5 0.12 0.5 0.06 0.12 1 2
MRSA 0.06 0.12 <0.015-4 0.12 0.5 4 32 16 >32
CA-MRSA 0.06 0.12 <0.015-0.12  0.12 0.5 2 4 16 32
HA-MRSA 0.12 0.25 <0.015-1 0.12 0.5 16 32 64 128
Staphylococcus epidermidis® 0.06 0.25 <0.015-0.5 0.25 0.5 0.12 2 0.5 2
Streptococcus agalactiae 0.03 0.03 0.008-0.06  0.06 0.12 0.03 0.03 0.25 0.5
Streptococcus pneumoniae (all)  0.016 0.015 <0.004-0.03  0.03 0.06 0.25 1 0.03° 1°
S. pneumoniae (PR) 0.008 0.015 <0.008-0.03  0.03 0.06 0.5 1 2 4
Streptococcus pyogenes 0.03 0.03 <0.004-0.12  0.03 0.06 <0.004 <0.004  0.06 0.12
Enterococcus faecalis (all) 0.06 0.06 <0.015-0.12 0.12 0.25 8 >32 4
E. faecalis (VS) 0.06 0.06 <0.015-0.12  0.12 0.25 4 8 4
E. faecalis (VR) 0.06 0.06 <0.015-0.12  0.12 0.25 16 >32 16 32
Enterococcus faecium (all) 0.06 0.06 <0.015-0.5 0.06 0.25 >32 >32 32 >128
E. faecium (VS) 0.06 0.0.06 0.03-0.5 0.06 0.12 >32 >32 >512 >512
E. faecium (VR) 0.06 0.06 <0.015-0.25  0.12 0.12 >32 >32 >512 >512

MICs5p minimum inhibitory concentration (mg/L) inhibiting growth of 50 % of isolates, MICgy minimum inhibitory concentration (mg/L)
inhibiting growth of 90 % of isolates, MSSA methicillin-susceptible S. aureus, MRSA methicillin-resistant S. aureus, CA-MRSA community-
associated methicillin-resistant S. aureus, HA-MRSA healthcare-associated methicillin-resistant S. aureus, PR penicillin-resistant (MIC, >2 mg/
L), VS vancomycin-susceptible (MIC, <4 mg/L), VR vancomycin-resistant (MIC, >32 mg/L)

? Adapted from references [11, 12, 23-31]

® For eravacycline, all S. epidermidis MICs were pooled regardless of methicillin susceptibility

¢ MICso and MICy of penicillin susceptible S. pneumoniae only

concurrent resistance phenotypes (MICsq and MICgq values
differed by a maximum of twofold) (Table 2). In general,
eravacycline was two- to fourfold more active than tige-
cycline against common clinically important species of
Gram-positive aerobic bacteria (Table 2).

Table 3 describes the MICsy and MICq, values of
eravacycline and comparators against Gram-negative aer-
obic bacteria with various resistance phenotypes or geno-
types. In general, the presence of an ESBL or a non-
susceptible phenotype for a third-generation cephalosporin
or carbapenem in E. cloacae, K. pneumoniae, and Proteus
mirabilis increased the MICq, by no more than twofold
compared to susceptible isolates. For most species of
Gram-negative aerobic bacteria, eravacycline was two- to
fourfold more potent than tigecycline (Table 3).

Dubois et al. [37] evaluated the in vitro activity of
eravacycline against Legionella pneumophila serotypes
1-6 by testing on buffered charcoal yeast extract (BCYE)
agar. The mean MICsy and MICy, values from all six
serotypes were 1 and 2 mg/L, respectively, with a range of
0.015 to 2 mg/L. The same authors also performed a pilot
study to determine if BCYE agar supplemented with iron

(ferric pyrophosphate) affected the activity of eravacycline
[37]. For E.coli ATCC 25922 incubated for 24 h, there was
a 16-fold increase in the eravacycline MIC when testing on
BCYE agar as compared to cation-adjusted Mueller Hinton
broth (CAMHB); for BCYE without ferric pyrophosphate,
the MIC on BCYE increased by fourfold compared to
CAMHB. The authors of the study concluded that the
antibacterial activity of eravacycline was suppressed by the
use of BCYE agar. The activity of eravacycline was also
determined against Francisella tularensis, Yersinia pestis,
and Bacillus anthracis with reported MIC5o/MICy, values
of 0.12/0.5, 0.06/0.12, and <0.016/0.016 mg/L, respec-
tively [38, 39]. In this same study, the MIC5,/MICy values
of eravacycline against Burkholderia mallei and
Burkholderia pseudomallei were 0.06/0.25 and 1/2 mg/L,
respectively [38].

Table 4 shows the activity of eravacycline against
different Gram-positive and Gram-negative anaerobic
bacteria. Due to the limited data on the activity of
eravacycline against anaerobic bacteria, the data in
Table 4 have not been pooled, with the exception of
Bacteroides  fragilis. In  general, eravacycline
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Table 3 In vitro activity (MIC, mg/L) of eravacycline and comparators against Gram-negative aerobes”

Bacteria Eravacycline Tigecycline Meropenem Piperacillin-tazobactam
MICs MICy MIC Range MICs, MICy MICs MICy, MICs MICy,
Acinetobacter baumannii 0.5 1 <0.015-8 0.5 4 0.5 2 <1 64
A. baumannii (MDR) 0.5 2 <0.015-4 2 8 >8 >32 >64 >128
Citrobacter freundii 0.25 0.5 0.06-2 0.5 2 0.06 0.12 2 32
Enterobacter aerogenes 0.25 1 0.12-2 0.5 2 0.06 0.12 2 32
Enterobacter cloacae 0.5 1 0.06-8 0.5 2 0.06 0.12 2 64
E. cloacae (3rd GC-I/R) 0.5 2 0.03-4 1 4 0.5 4 >64 >128
E. cloacae (CARB-I/R) 0.5 2 0.25-4 1 4 8 >32 >64 >128
Escherichia coli (all) 0.25 0.5 <0.015-4 0.25 0.5 <0.06 0.12 2 4
E. coli (ESBL) 0.25 0.5 0.03-2 0.25 1 <0.06 0.12 8 64
E. coli 3rd GC-I/R) 0.25 0.5 <0.015-1 0.25 1 0.06 0.5 8 128
Haemophilus influenzae (all) 0.12 0.25 <0.015-0.5 0.12 0.25 0.12 0.25 0.06 0.12
Klebsiella oxytoca (all) 0.25 1 0.03-2 1 2 0.03 0.06 4 64
K. oxytoca (ESBL) 0.5 1 0.03-1 1 2 0.03 0.06 16 128
K. oxytoca (CARB-I/R) 0.5 1 0.03-1 0.25 1 0.06 0.25 8 >32
Klebsiella pneumoniae (all) 0.5 1 0.03-16 1 2 0.03 0.03 4 32
K. pneumoniae (ESBL) 0.5 1 0.13-8 1 4 0.03 0.06 32 128
K. pneumoniae (3rd GC-1/R) 0.5 1 0.03-16 1 4 1 16 >64 >128
K. pneumoniae (CARB-I/R) 0.5 2 0.13-16 1 2 >8 >16 >64 >128
Moraxella catarrhalis 0.03 0.06 <0.015-0.06 <0.12 0.25 0.008 0.008 0.25 0.25
Morganella morganii 1 2 0.5-4 2 4 0.25 0.25 0.25 0.5
Neisseria gonorrhoeae 0.13 0.25 0.06-0.5 0.25 0.5 0.008 0.03 - -
Proteus mirabilis (all) 1 2 0.25-16 8 16 0.06 0.12 0.25 0.5
P. mirabilis (3rd GC-I/R) 1 4 0.5-8 8 16 4 8 2
P. mirabilis (CARB-I/R) 1 4 0.25-16 8 16 - - <0.5
Proteus vulgaris 0.5 1 0.25-2 2 4 0.12 2 0.25
Pseudomonas aeruginosa 8 16 0.06-64 16 32 0.5 8 4 >64
Salmonella spp. 0.25 0.25 0.12-0.5 0.25 0.5 <0.06 <0.06 2 16
Serratia marcescens 1 2 0.25-8 2 4 0.06 0.12 2 8
Shigella spp. 0.13 0.5 0.06-1 0.25 0.5 <0.06 <0.06 0.5 1
Strenotrophomonas maltophilia 0.5 1 <0.015-8 2 8 32 128 256 >512

% Adapted from references [11, 12, 22-25, 27-34]

b MICs5p minimum inhibitory concentration (mg/L) inhibiting growth of 50 % of isolates, MICgy minimum inhibitory concentration (mg/L)
inhibiting growth of 90 % of isolates, MDR A. baumannii, multidrug-resistant defined as resistant to imipenem or meropenem (MIC, >16 mg/L),
resistant to gentamicin or tobramycin (MIC, >16 mg/L), and resistant to levofloxacin (MIC, >8 mg/L) or ciprofloxacin (MIC, >4 mg/L), 3rd
GC I/R third-generation cephalosporin intermediate or resistant isolates; ceftazidime-resistant (MIC, >8 mg/L) or cefotaxime or ceftriaxone-
resistant (>2 mg/L), CARB I/R carbapenem intermediate or resistant isolates; defined as imipenem or meropenem-resistant (MIC, >2 mg/L) or
ertapenem-resistant (MIC, >1 mg/L), ESBL extended-spectrum B-lactamase, BL+ [-lactamase-positive

— No data

demonstrated MICsq and MICgqq values two- to eightfold
more potent than tigecycline for most anaerobic species
with the exception of Clostridium perfringens, Bac-
teroides ovatis, and Fusobacterium spp. where tigecycline
was two- to fourfold more active than eravacycline.
Currently, no data are available on the activity of erava-
cycline against atypical pathogens such as Chlamydophila
pneumoniae, Mycoplasma pneumoniae, and Rickettsia

Spp-
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Grossman et al. [40] evaluated the in vitro activity of
eravacycline in pre-established biofilms formed by a uro-
pathogenic E. coli isolate harboring the tetracycline efflux
pump gene fet(B) and the B-lactamase gene blargy. After
formation of the biofilm, planktonic cells were aseptically
aspirated and planktonic cell, biofilm, and macrodilution
MICs were determined for eravacycline and comparator
antimicrobial agents. A biofilm MIC was determined to be
the lowest antimicrobial concentration that demonstrated
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Table 4 In vitro activity (MIC, mg/L) of eravacycline and comparators against anaerobic bacteria®

Bacteria Eravacycline Tigecycline Meropenem Piperacillin-Tazobactam
MICsq MICqyg Range MICsg  MICyg MICs, MICy, MICs, MICyg
Anaerococcus spp. 0.12 0.12 0.03-0.25 0.12 0.25 - - - -
Bacteroides fragilis 0.25 2 0.06-2 2 8 0.12 1 0.5
Bacteroides ovatus 0.5 4 0.015-8 0.5 16 0.25 0.5 4 8
Bacteroides thetaiotoamicron 0.5 1 0.124 8 16 0.25 0.5 8 32
Bacteroides vulgatus 0.25 0.25 0.12-1 0.5 0.5 0.25 0.5 2 16
Clostridium difficile 0.06 0.12 0.03-0.25 0.06 0.12 2 2 8 16
Clostridum perfringens 0.5 1 0.064 0.5 1 0.015 0.03 0.25 0.5
Fusobacterium spp. 0.12 0.25 0.03-0.25 0.03 0.06 0.12 0.5 0.06 0.12
Lactobacillus spp. 0.25 0.5 0.25-1 0.5 0.5 8 >8 2 4
Peptostreptococcus anaerobius 0.06 0.25 0.015-0.25 0.06 0.25 - - - -
Peptostreptococcus micros 0.015 0.25 0.015-0.5 0.03 0.25 - - - -
Prevotella bivia 1 1 0.12-1 1 2 - - - -
Prevotella buccae 0.06 0.12 0.03-0.12 0.12 0.12 - - - -
Prevotella disiens 0.12 0.25 0.06-0.25 0.25 0.5 - - - -
Prevotella intermedia 0.06 0.12 0.03-0.12 0.25 0.25 - - - -
Prevotella melaninogenica 0.12 0.12 0.06-1 0.5 1 - - - -
Propionibacterium spp. 0.12 0.12 0.03-0.25 0.25 0.5 - - - -

MICsp, minimum inhibitory concentration (mg/L) inhibiting growth of 50 % of isolates, MICgy minimum inhibitory concentration (mg/L)

inhibiting growth of 90 % of isolates
% Adapted from references [11, 12, 25, 27-29, 31, 35, 36]
— No data

both a lack of staining with crystal violet and a 90 %
reduction in the biofilm. Eravacycline displayed planktonic
and biofilm MIC values of 0.25 and 0.5 mg/L, respectively,
both similar to results of macrodilution testing (MIC,
0.25 mg/L).

6 Pharmacokinetics

The results of phase 1 clinical trials describing oral
eravacycline plasma concentrations are summarized in
Table 5 [41, 42]. The pharmacokinetic parameters of
intravenous tigecycline and eravacycline are compared in
Table 6 [41-45].

Leighton et al. [41] evaluated the pharmacokinetics of
eravacycline administered as an oral solution in a single
dose of 50, 100, 200, or 300 mg to 24 healthy subjects (six
subjects per dose). The bioavailability was determined
using the area under the plasma concentration-time curve
from O to infinity (AUC,_,,) value for each oral dose
compared to a mean AUC,_,, value of 8.98 mg-h/L for a
single IV dose of 1.5 mg/kg. Based on data normalized to
average body weight (78 kg), Leighton et al. [41] estimated
an oral bioavailability of 28 % (range, 26—32 %) with the

oral solution of eravacycline. The authors also reported a
median time to maximum plasma concentration (f;.x)
value of 2-2.5 h for the four oral doses studied [41]. The
maximum plasma concentration (Cp,.x) and AUC,_,, val-
ues with the 200-mg dose were 0.23 £ 0.04 mg/L. and
3.34 £ 1.11 mg-h/L, respectively. Data for the other doses
are provided in Table 5.

The multiple-dose pharmacokinetics of eravacycline
were described by Horn et al. [42] in a study of 18 healthy
subjects who received oral doses of 100 mg every 12 h,
300 mg every 24 h, or 400 mg every 24 h for 7 days. Due
to gastrointestinal intolerance (nausea and vomiting), the
pharmacokinetic parameters on day seven were not deter-
mined in the 400-mg dose group. On day seven, the mean
Chnax values were 0.16 & 0.04 and 0.34 £ 0.08 mg/L with
100 mg every 12 h and 300 mg every 24 h, respectively.
The terminal AUC values calculated from the last dose on
day seven to infinity were 3.08 £0.7 and
9.51 £ 2.45 mg-h/L with 100 mg every 12 h and 300 mg
every 24 h, respectively.

Yue et al. [44] conducted a population pharmacokinetic
analysis of IV eravacycline using data from single-dose
(n = 42) and multiple-dose (n = 24) studies in healthy
subjects. Single doses of 0.1-3 mg/kg were infused over
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Table 5 Phase I pharmacokinetic studies of oral eravacycline

Study Number of subjects and N Oral dose Chax (mg/L) fmax> D (range)  AUC,_,, (mg-h/L)
mean (range) age and weight
Leighton et al. [41] 24 males 6 50 mg x 1 0.10 + 0.04 2.5 (2-3) 1.24 £ 0.44
34 years (19-50) 6 100 mg x 1 0.17 £ 0.07 2 (2-2) 225 +0.53
78 kg (64-90) 6 200 mg x 1 0.23 £ 0.04 2.5 (2-4) 334 £ 1.11
6 300 mg x 1 0.33 £ 0.08 2 (1-6) 5.65 £ 1.35
Horn et al. [42] 18 males 6 100mg q12 h x 7days  0.16 & 0.04* N/A 3.08 + 0.70°
31 years (19-47) 6 300mg q24 h x 7days  0.34 4+ 0.08" N/A 9.51+ 2.45°
76 kg (69-88) 6  400mg q24 h x 7days  N/A® N/A N/A?

Data are presented as mean =+ standard deviation or (range)

C,,ax Maximum plasma concentration, f,,,, time to maximum plasma concentration, AUC,_.,, area under the concentration-time curve from 0 to

infinity, ¢g/2h every 12 h, g24h every 24 h

? Measurement made on day 7

® AUC from the last dose on day 7 to infinity
¢ Discontinued due to intolerance

Table 6 Pharmacokinetic

! Parameter (abbreviation)
parameters of intravenous

Eravacycline (oral/TV)* Tigecycline (IV)"

eravacycline and tigecycline Bioavailability (F)

Volume of distribution at steady state (Vi)

Half-life (¢.,)
Total clearance (CL)
Renal excretion

Protein binding

26-32 % (oral) N/A
3.34.2 L/kg 7-9 L/kg
22 h°, 34 h¢ 27 b, 42 h¢
13.5 L/ 23.8 L/h

16 % 33 %
79-90% 71-89 %

% Adapted from references [41-44]

b Adapted from reference [45]

¢ Results from one or more single-dose studies

4 Results from one or more multiple-dose studies

30 min whereas multiple doses were administered over
10 days as 0.5 mg/kg infused over 30 min once daily,
1.5 mg/kg infused over 30 or 60 min once daily, or 1 mg/
kg infused over 60 min twice daily. Intravenous eravacy-
cline was best characterized by a four-compartment model
with linear pharmacokinetics. For the single-dose study,
the population mean pharmacokinetic parameters included
a steady-state volume of distribution (V) of 262 L or
3.3 L/kg, a mean terminal elimination half-life (#,,) of
26 h, and a mean total clearance (CL) of 13.9 L/h. For the
multiple-dose study, the V, was 320 L or 4.2 L/kg, the
mean terminal elimination #,, was 48 h and the mean total
CL was 13.5 L/h. The authors proposed that differences in
the terminal elimination #,, were due to longer sampling
times in the multiple-dose study. In comparison, the phase I
trials of oral eravacycline reported mean #, values of
16-27 h and 18-36 h in the single-dose and multiple-dose
studies, respectively [41, 42].

Eravacycline studies in healthy volunteers report mean
renal clearances of 3.0-3.5 L/h with approximately 16 %
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of the drug excreted unchanged in the urine [41, 44].
Sutcliffe et al. [46] also measured urine concentrations of
eravacycline in healthy subjects. For subjects who received
multiple IV doses of 1.5 mg/kg once daily (n = 6),
eravacycline concentrations in urine collected from 0-8 h
were 9.9 £+ 2.9 mg/L (30-min infusion) and 6.9 £ 1.2 mg/
L (60-min infusion) on day one and 8.6 £+ 8.3 mg/L (30-
min infusion) and 13.3 4+ 3.4 mg/L (60-min infusion) on
day 10. Sutcliffe et al. [46] also found that in subjects who
received a single oral dose of 200 mg (n = 6), eravacy-
cline concentrations were 5.5 = 1.8 mg/L in urine col-
lected from 0-8 h and 5.9 £ 0.96 mg/L in urine collected
from 8-24 h [46]. Eravacycline doses of 1.5 mg/kg (IV)
and 200 mg (oral) demonstrated comparable plasma
exposures and urine concentrations in the lead-in portion of
the phase III cUTI (IGNITE 2) trial, and the dosing regi-
mens were carried forward in the pivotal portion of the trial
[47].

Singh et al. [43] measured the protein binding of
eravacycline in pooled human plasma using microdialysis
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methods. Atypical non-linear, concentration-dependent
protein binding was observed (as has been reported in
tigecycline), and at concentrations of 0.1 and 10 mg/L, the
free fraction of eravacycline was 20.7 £ 3.7 and
10.5 & 2.0 %, respectively. Connors et al. [48] further
studied the pulmonary disposition of eravacycline in a
phase I study of 20 healthy volunteers who received IV
doses of 1 mg/kg infused over 60 min every 12 h for seven
doses. The mean plasma total AUC,_;,, value was
4.56 £ 0.94 mg-h/L with an estimated free AUCy_;o,
value of 0.77 &+ 0.14 mg-h/L based upon the protein
binding data generated by Singh et al. [43]. The AUCq_i51,
value in epithelial lining fluid (ELF) was determined from
bronchoalveolar lavage (BAL) fluid samples collected
from five patients using measurements made at sampling
times of 2, 4, 6, and 12 h. The AUC_;5;, value in ELF was
4.93 mg-h/L with an estimated penetration ratio (ELF
AUC(_15, value to plasma free AUCq_j5, value) of 6.44.
However, the authors also noted that eravacycline con-
centrations in BAL fluid were below the lower limit of
quantification (5 ng/mL) in two out of five subjects at 6 h
and three out of five subjects at 12 h.

7 Pharmacodynamics

Pharmacodynamics (PD) describe the relationship between
antimicrobial exposure and microbiological and/or clinical
response, thus understanding PD is useful in selecting
optimal antimicrobial dosing in the treatment of infectious
diseases [49]. For the tetracyclines, the AUC over 24 h
value divided by the MIC value of the pathogen (AUC,4p/
MIC) has demonstrated the strongest association with
outcome [49-51]. For tigecycline, AUC,4,/MIC values of
17.9 and 6.96 were significant thresholds in achieving
positive clinical outcomes in phase II and III studies for
patients with complicated skin and soft tissue infections
and complicated intra-abdominal infections, respectively
[50, 51]. The PD analysis of eravacycline in patients is
ongoing.

Weiss et al. [52] studied the pharmacodynamics of
eravacycline in a neutropenic murine thigh infection
model. Mice infected with tetracycline-resistant MRSA
were treated with eravacycline value of 0.12 mg/L, at
doses of 1-90 mg/kg/day administered every 6, 12, or
24 h. Bacterial counts in thigh tissue were determined at
26 h post-infection. The correlation coefficients for the
various pharmacodynamic indices [i.e., total AUC,4,/MIC,
Chax/MIC (ratio of maximum drug concentration to an
isolate’s MIC value), and %T-pc (percentage of time drug
concentration remain above an isolate’s MIC value)] ver-
sus antibacterial response were 82, 80, and 58 %, respec-
tively. AUC,4,/MIC thresholds of 38.4 and 46.9 were

reported for bacteriostasis and 1 log;y bacterial kill,
respectively. Based upon a population pharmacokinetic
model using K. pneumoniae (eravacycline MICsq, 0.5 mg/
L) and dosing regimens of 1.5 mg/kg infused over 60 min
once daily and 1 mg/kg infused over 30 min twice daily,
Yue et al. [44] predicted the regimens would achieve total
AUC 4, /MIC5q values of 15.1 and 20.1, respectively.

The antibacterial activity of eravacycline has also been
described using in vitro time-kill assays for 12 isolates of
A. baumannii (MIC range, 0.015-2 mg/L), 12 isolates of
E. coli (MIC range, 0.03-0.5 mg/L), and 13 isolates of
K. pneumoniae (MIC range, 0.25-1 mg/L) with various
resistance genotypes (ESBL and fet genes) and resistance
phenotypes (carbapenem-resistant) [33]. In general,
eravacycline at two to eight times the MIC was bacterio-
static (defined as <1 log;o CFU growth over 24 h). Bac-
tericidal effects at relatively high concentrations ranging
from 1 to 16, 0.25 to 2, and 0.5 to 8 mg/L were reported
against some isolates of A. baumannii (eight of 12 isolates),
E. coli (five of 12 isolates), and K. pneumoniae (four of 13
isolates), respectively.

8 Animal Studies

The in vivo efficacy of eravacycline in the treatment of
Gram-positive and Gram-negative infections has been
evaluated in various animal models. These studies have
been summarized in Table 7 [39, 53-55].

Grossman et al. [53] evaluated the efficacy of eravacy-
cline using a mouse systemic infection model with isolates
of S. aureus [methicillin-resistant S. aureus (MRSA);
methicillin- susceptible S. aureus (MSSA)], S. pyogenes,
and E. coli. Mice (n = 6) were infected by intraperitoneal
injection and were administered single intravenous doses
of eravacycline, tigecycline, and tetracycline (0.05-10 mg/
kg) 1 h post-infection. The protective antimicrobial dose
for 50 % of the infected animals (PDs,) were determined
48 h post-infection and are summarized in Table 7. Against
MSSA, MRSA (tet(M)), and MRSA (zet(K)) the PDsq
values [95 % confidence intervals (ClIs)] for eravacycline
were 0.30 mg/kg (0.29-0.31), 1.0 mg/kg (0.56-1.4), and
0.3 mg/kg (0.13-0.47), respectively. In both MRSA iso-
lates, eravacycline and tigecycline had similar PDs, values
with overlapping 95 % Cls. For S. pyogenes ATCC 8668,
the PDsq values (95 % ClIs) for eravacycline and tigecy-
cline were 1 mg/kg (0.78-1.2) and 2.5 mg/kg (1.7-3.4),
respectively, with no overlap in Cls. For S. pyogenes strain
ATCC 19615, the PDs( value (95 % ClIs) of eravacycline
was 0.05 mg/kg whereas tigecycline demonstrated a higher
PDsy value (95 % CI) of 0.3 mg/kg (0.04-0.56). For
E. coli, both eravacycline and tigecycline produced PDsy
values (95 % ClIs) of 4.4 mg/kg (—0.01-8.7) and 1.7 mg/
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kg (0.91-2.6), with overlapping 95 % CIs. An ESBL-pro-
ducing E. coli harboring tetracycline efflux pumps
(tet(B) and tet(D)), demonstrated PDs, values of 1.2 mg/kg
(0.84-1.6) and 3.5 mg/kg (2.4-4.7) for eravacycline and
tigecycline, respectively. Similar PDs, values for erava-
cycline (1.3 mg/kg) and tigecycline (3.5 mg/kg) were
reported in exploratory studies of eravacycline by Tetra-
phase Pharmaceuticals, Inc. using the same ESBL-pro-
ducing isolate of E. coli [6].

In a mouse thigh infection model, neutropenic mice
(n = 4) were used to determine the antibacterial activity of
eravacycline against isolates of S. aureus and S. pyogenes
[53]. At 1.5 h post-infection, mice were administered sin-
gle IV doses of eravacycline ranging from 0.3 to 30 mg/kg.
A linear line plot was used to determine the dose required
to produce 1 log;g, 2 logyo, and 3 log;y CFU reductions
relative to 24-h untreated controls. For S. aureus, erava-
cycline doses of 0.2, 0.2, and 0.4 mg/kg were required to
generate 1 logig, 2 logyg, and 3 log;o CFU reductions,
respectively. In contrast, tigecycline required doses of 1.2,
1.5, and 2 mg/kg, respectively, to produce the same effects.
Similar results were observed when MRSA (tet(M)) iso-
lates were tested with eravacycline, displaying 5-, 12.5-
and 6-fold greater potencies than tigecycline to produce 1
logig, 2 logyo, and 3 log,o CFU reductions, respectively. In
contrast, similar doses of eravacycline (3.5 and 9.5 mg/kg)
and tigecycline (3.8 and 8 mg/kg) were required to produce
1 log;p and 2 log;q reductions in another isolate of MRSA
(tet(K)), respectively. A maximum of a 2.1 log;, CFU
reduction was achieved using eravacycline at 10 mg/kg.
For a 1 log;o CFU reduction in S. aureus (tet(K)), similar
doses of eravacycline (2.3 mg/kg) and tigecycline (2.1 mg/
kg) were required. Eravacycline at doses of 8.2 and
16.2 mg/kg provided 2 log;y and 3 log;o CFU reductions,
respectively; this was 1.5-fold less potent than tigecycline.
With S. pyogenes, 3 and 9 mg/kg of eravacycline reduced
the CFU by 1 and 2 log, respectively, with a maximum
2.3 log;o CFU reduction at 10 mg/kg. In the same model, 6
and 15.8 mg/kg of tigecycline produced 1 and 2 log;o CFU
reductions, respectively, with a maximum 2.3 log;qy CFU
reduction at 20 mg/kg.

Xiao et al. [6] also evaluated the in vivo efficacy of
eravacycline versus MRSA (fet(M)) in a murine neu-
tropenic thigh model. At 1.5 h post-infection, IV erava-
cycline at 0.6 or 3 mg/kg was administered and produced 1
log;o and 3 log;o reductions in bacterial burden relative to
24-h post-treatment controls, respectively. In comparison,
tigecycline at doses of 3 and 17.3 mg/kg produced 1 log;o
and 3 log;y CFU reductions, respectively.

The in vivo efficacy of eravacycline against uropatho-
genic, tetracycline-resistant E. coli was studied using a
mouse pyelonephritis model [53]. Mouse kidneys
(n = 4-6) were infected with E. coli EC200 (1.3 x 10%

CFU) followed by 2, 5, or 10 mg/kg eravacycline admin-
istered at 12 and 24 h post-infection. At 36 h post-infec-
tion, eravacycline at 2, 5, and 10 mg/kg demonstrated log;q
CFU reductions of 1.3, 3.8, and 4.6, respectively, compared
to untreated controls. The log;y CFU reductions were sig-
nificant for eravacycline dosed at 2 mg/kg (P < 0.01),
5 mg/kg (P < 0.01), and 10 mg/kg (P < 0.05). Murphy
et al. [50] presented results from the same study with an
ESBL-producing K. pneumoniae strain. They reported
log,o CFU reductions of 1.6 and 2.4 at 36 h for eravacy-
cline doses of 10 and 20 mg/kg IV BID (two doses),
respectively. This suggests that at an equipotent dose of
10 mg/kg BID, eravacycline efficacy is considerably less
(1000x higher kidney CFU counts) for K. pneumoniae.

Grossman et al. [53] also described the efficacy of
eravacycline and comparators (linezolid and vancomycin)
against S. pneumoniae and MRSA (tet(M)) in a mouse lung
infection model. Infected neutropenic mice (n = 5-6) were
treated with eravacycline or comparators two and 12 h
post-infection. The lung bacterial density was determined
26 h post-infection. For S. pneumoniae, IV eravacycline
doses of 3, 6, and 12 mg/kg produced significant
(P < 0.01) log;y CFU reductions of 2.6, 3.1, and 3.9,
respectively. In the MRSA lung infection model, 10 mg/kg
of IV eravacycline produced a CFU reduction of 2.4 log;q
similar to 30 mg/kg of oral linezolid whereas 50 mg/kg of
IV vancomycin produced a 1.4 log;y CFU reduction.

Sutcliffe et al. [39] described the efficacy of eravacy-
cline against F. tularensis-infected cynomolgus monkeys.
Cynomolgus monkeys received aerosolized F. tularensis
and treatment commenced when elevated temperature
readings were measured in nine consecutive 15-min
intervals; animals were dosed with eravacycline within 6 h
of the last elevated temperature reading. The study
examined treatment with eravacycline using humanized
doses of 8 and 12 mg/kg/day versus a saline control for
21 days followed by monitoring until 14 days post-treat-
ment. In both groups treated with eravacycline, there was a
100 % survival rate (n = 8/8 and n = 7/7) whereas the
survival rate in the saline-treated controls was 25 %
(n = 2/8). In the deceased subset of the control group, the
lung, liver, spleen, and all but one mediastinal lymph
nodes were positive for F. tularensis. Additionally, five of
the six non-survivors of the control group yielded positive
F. tularensis terminal blood cultures. All animals treated
with eravacycline resolved their fever within ~2 days of
treatment initiation and remained non-bacteremic
throughout the study; the blood cultures for the survivors
of the control group were also negative during the course
of the study. In the eravacycline treatment groups and the
two survivors of the control group, samples of lung, liver,
mediastinal lymph nodes, and spleen were negative for
F. tularensis.
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Sutcliffe et al. [54] reported the in vivo efficacy of
eravacycline against Bacillus anthracis in rabbits. In the
study, rabbits (n = 24) were exposed to 2 x 10’ CFU of
B. anthracis Ames spores and monitored hourly for fever
development. Animals were treated when fever persisted
for three consecutive hourly intervals, or were serum-pos-
itive for protective antigen. Within 6 h of either event,
animals received their first dose of eravacycline (0.8 or
1.6 mg/kg/day) humanized to provide exposures equivalent
to 1.5 mg/kg every 24 h (q24 h) or 1.0 mg/kg every 23 h
(q12 h), respectively. Of the rabbits, 95.8 % (23 of 24)
were confirmed to be bacteremic before treatment initia-
tion. In both eravacycline groups (0.8 and 1.6 mg/kg/day),
all of the rabbits survived the 28-day treatment period and
the 28-day post-treatment period, whereas all saline control
rabbits died within 4-5 days post-infection. In the erava-
cycline treatment groups, blood samples were negative for
B. anthracis at 24, 30, 36, 42, and 48 h into treatment; on
day 28 post-infection; and on days 1, 2, 3, 7, 14, and 21
post-treatment.

9 Clinical Trials

At this time, the single phase II clinical trial evaluating the
efficacy and safety of eravacycline in the treatment of
community-acquired intra-abdominal infections (cIAI) has

been published, and the phase III program known as
IGNITE (Investigating Gram-negative Infections Treated
with Eravacycline), to investigate the safety and efficacy of
eravacycline in cIAI (IGNITE 1) and complicate urinary
tract infection (cUTI) (IGNITE 2), has been completed.
Preliminary results from IGNITE 1 as well as the Lead-In
portion of IGNITE 2 have been presented [47, 56].

The safety and efficacy of eravacycline in the treatment
of adults with community-acquired cIAI was evaluated in
a phase II randomized, double-blind trial (NCT01265784)
(Table 8) [12]. The purpose of the study was to provide
preliminary safety and efficacy data and thus it was not
statistically powered to demonstrate non-inferiority of
eravacycline to the comparator ertapenem. This study
included 18- to 75-year-old male and female patients with
a body mass index of <30 kg/m? who were not expected
to require antimicrobial therapy for more than 14 days. A
diagnosis of cIAI necessitating urgent surgical or percu-
taneous intervention was required for enrollment.
Acceptable diagnoses included appendiceal perforation,
peri-appendiceal abscess, diverticulitis abscess, acute
gastric and duodenal perforation (operated after 24 h of
perforation), traumatic perforation of the intestines (op-
erated after 12 h of perforation), and/or abscess or peri-
tonitis caused by perforated viscus, or any other intra-
abdominal abscesses with the exclusion of the liver and
spleen. Of note, the study enforced an enrollment cap of

Table 8 Phase II clinical trial of eravacycline (ClinicalTrials.gov registration number NCT01265784) [12]

Trial description Number of  Treatment

Clinical response [% (n) of Microbiological response [% (n) of

patients regimens microbiologically microbiologically evaluable patients
randomized evaluable® patients demonstrating a microbiological response
demonstrating clinical cure at the EOT, TOC, and follow-up visits]
at TOC visit] . -
EOT visit TOC visit Follow-up
visit”
Randomized, double-blind study of 143 Eravacycline 92.9 (39/42) 95.2 (40/42) 92.9 (39/42) 88.1 (37/42)
two dosage regimens for the 1.5 mg/kg IV,
treatment of community-acquired daily for
complicated intra-abdominal 4-14 days
infections in adults (n = 56)
Eravacycline 100 (41/41) 100 (41/41) 100 (41/41) 97.6 (40/41)
1.0 mg/kg 1V,
twice daily for
4-14 days
(n = 57)
Ertapenem 92.3 (24/26) 96.2 (25/26) 92.3 (24/26) 88.5 (23/26)

1.0 g IV, daily
for 4-14 days
(n = 30)

TOC test of cure (the TOC visit occurred 10-14 days after the last dose of the study drug), EOT end of treatment

# Microbiologically evaluable included randomized patients who received any amount of the study drug, had a pathogen identified a baseline
pathogen, met the minimal requirements for the disease definition of complicated intra-abdominal infection, were evaluated for a clinical

response at test of cure, and evaluated for a microbiological response

° The follow-up visit occurred 28-42 days after the last dose of the study drug
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<50 % diagnoses of complicated appendicitis. Exclusion
criteria in this study included diagnostic symptoms of
complicated appendicitis for less than 24 h before present
hospitalization, hospitalization within 6 months prior to
screening, inflammatory bowel disease including sus-
pected/known disease or associated visceral abscess,
management by open abdominal techniques including
staged abdominal repair, Acute Physiology and Chronic
Health Evaluation (APACHE) II score of >25, rapidly
progressing or life threatening illness, probable death
before the end of the study, therapeutic dosages of vaso-
pressors required to maintain a systolic or diastolic blood
pressure of >90 or >70 mmHg, respectively, renal fail-
ure, abnormal renal function, and abnormal liver function.
Additionally, patients treated with systemic antimicro-
bials for more than 24 h, patients who received car-
bapenems or tigecycline for the current infection, or
required any other systemic antimicrobials were excluded.
In the study, treatment regimens included 1.0 mg/kg IV
eravacycline every 12 h infused over 60 min, 1.5 mg/kg IV
eravacycline every 24 h infused over 60 min or 1 g IV
ertapenem every 24 h infused over 30 min with patients
randomized in a 2:2:1 ratio (Table 8). Antimicrobial therapy
was continued for 4-14 days depending on the clinical sta-
tus of the patient. The primary endpoint of the study was
clinical response in the microbiologically evaluable (ME)
population at the test of cure evaluation (10-14 days post-
treatment) (Table 8). Clinical response was classified as
cure, failure, or indeterminate. Cure was defined as resolu-
tion or significant improvement in signs and symptoms of
the initial infection with no requirement of additional ther-
apies (antibacterial, surgical, or radiological). Failure was
defined as an intra-abdominal infection-related death, doc-
umented infection persisting or recurring within the abdo-
men, post-surgical wound infection or use of any effective
concomitant antimicrobial(s) during the treatment, regard-
less of the indication. In the study, eravacycline treatment at
1.5 mg/kg q24 h and 1 mg/kg q12 h, and ertapenem at 1 g
24 h demonstrated cure rates in the ME population of
929 % (95 % CI 80.5-98.5), 100 % (95 % CI 91.4-100)
and 92.3 % (95 % CI 74.9-99.1), respectively (Table 8).
Failures in the eravacycline 1.5 mg/kg treatment group
included two patients who required additional antimicrobial
agents (for treatment of lobar pneumonia and persistent
fever) and one patient who had a fatal thromboembolism.
The baseline pathogens identified were Gemella morbillo-
rum in the patient with lobar pneumonia and P. aeruginosa
and K. pneumoniae in the patient with persistent fever. The
two clinical failures for ertapenem were attributed to a
newly developed subphrenic abscess in one patient (with
baseline pathogens K. pneumoniae, Acinetobacter spp., and
Streptococcus salivarius), and an allergic reaction requiring
alternative antimicrobial therapy in another patient.

Secondary outcomes of the study included the micro-
biological response in the ME and microbiologically
modified intention to treat (m-MITT) population with
outcomes defined as favorable (eradication or presumed
eradication of the pathogen), unfavorable (persistence or
presumed persistence of the pathogen), or indeterminate at
the end of treatment and TOC (test of cure). Results for the
microbiological outcome in the ME population are listed in
Table 8. In the assessment of the safety and tolerability,
two patients in the eravacycline 1.5 mg/kg treatment group
and two patients in the ertapenem 1 g treatment group
required discontinuation of their study antimicrobials due
to a treatment emergent adverse effect; further details
regarding adverse effects are described in Sect. 10.

Recently, preliminary efficacy and safety data of erava-
cycline in the treatment of adults with cIAl was presented
from a phase Il randomized, double-blind trial [56]. The
purpose of the study was to provide efficacy and safety data
of eravacycline to the comparator ertapenem. This study
included adults patients (age >18 years) with a mean age of
~55 years, males/female ~57/43 %, mostly caucasians
(~96 %) with APACHE scores of 0-10 (~83 % of
patients). A diagnosis of cIAl necessitating urgent surgical
or percutaneous intervention was required for enrollment.
The majority of patients were diagnosed with complicated
appendicitis, intra-abdominal abscess, peritonitis or com-
plicated cholecystitis. 1298 organisms from 446 patients
(~three isolates/patient) were obtained with E. coli (58 %),
Bacteroides spp. (38 %), Streptococcus spp. (29 %), and
E. faecalis (20 %) as the most common organisms.

In the study, treatment regimens included 1.0 mg/kg IV
eravacycline every 12 h and 1 g IV ertapenem adminis-
tered every 24 h. Antimicrobial therapy was continued for
4-14 days depending on the clinical status of the patient.
The primary endpoint of the study was clinical response in
the microbiologically evaluable (ME) population at the test
of cure evaluation (10-14 days post-treatment). Clinical
response was classified as cure, failure, or indeterminate.
Cure was defined as resolution or significant improvement
in signs and symptoms of the initial infection with no
requirement of additional therapies (antibacterial, surgical,
or radiological). Failure was defined as an intra-abdominal
infection-related death, documented infection persisting or
recurring within the abdomen, post-surgical wound infec-
tion or use of any effective concomitant antimicro-
bial(s) during the treatment, regardless of the indication. In
the study, eravacycline treatment at 1.0 q12 h and ertape-
nem at 1 g q24 h demonstrated cure rates in the ME pop-
ulation of 92.9 % (222/239) and 94.5 % (225/238),
respectively. Clinical failures occurred in 7.1 and 5.5 % in
the eravacycline and ertapenem arms, respectively.

Secondary outcomes of the study included the clinical
cure in the ME and microbiologically modified intention to
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treat (m-MITT) population with outcomes defined as
favorable (eradication or presumed eradication of the
pathogen), unfavorable (persistence or presumed persis-
tence of the pathogen), or indeterminate at the end of
treatment and TOC (test of cure). Eravacycline treatment at
1.0 q12 h and ertapenem at 1 g q24 h demonstrated clinical
cure rates in the ME population of 87.0 % (235/270) and
88.8 % (238/268), respectively. Eravacycline treatment at
1.0 q12 h and ertapenem at 1 g 24 h demonstrated clinical
cure rates in the m-MITT population of 86.8 % (191/220)
and 87.6 % (198/226), respectively. No significant differ-
ences between eravacycline or ertapenem in clinical out-
come or microbiological outcome were reported in this
study [56].

Limited data are also available from the phase III clin-
ical trial IGNITE 2, assessing the efficacy of eravacycline
versus levofloxacin in the treatment of cUTI [47]. This trial
enrolled 980 patients who were randomized 1:1 to receive
eravacycline (1.5 mg/kg IV every 24 h followed by
200 mg orally every 12 h) or levofloxacin (750 mg IV
every 24 h followed by 750 mg every 24 h) [47]. Each
patient received a minimum of 3 days of IV dosing and
then, if clinically indicated were eligible to transition to
oral therapy for the remaining doses for a total treatment of
7 days. For the FDA the primary analysis evaluated
responder outcome (a combination of clinical cure rate and
microbiological response) in the microbiological intent to
treat (micro-ITT) population at the post-treatment (PT)
visit (defined as 6-8 days after completion of therapy)
using a 10 % non-inferiority margin. For the European
Medicines Agency (EMA) the primary analysis evaluated
the microbiological response in the microbiologically
modified ITT (micro-MITT) population and microbiologi-
cally evaluable (ME) populations at the PT visit using a
10 % non-inferiority margin. Tetraphase recently con-
cluded that using either the FDA or EMA analysis, the
IGNITE2 phase III clinical trial of eravacycline adminis-
tered as an IV to oral therapy for the treatment of cUTI did
not achieve its primary endpoint of statistical non-inferi-
ority compared to IV/PO levofloxacin [47]. More analysis
is ongoing to assess the reason(s) for these results.

10 Adverse Effects

The safety and tolerability of eravacycline has been eval-
uated in phase I-III clinical trials. The adverse events are
discussed below and summarized in Table 9 [12, 41, 42,
47, 48, 56].

Preliminary safety and tolerability of eravacycline was
evaluated in a phase I oral single dose study in three groups
of six healthy volunteers receiving eravacycline, 200 or
300 mg or placebo, respectively [41]. A total of seven of
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24 subjects experienced an adverse event such as nausea,
vomiting, dizziness, increased alanine aminotransferase,
and increased unconjugated bilirubin (both <1.2 of the
upper limit of normal). Prolonged activated partial throm-
boplastin times (<1.5 of the upper limit of normal) were
reported in five subjects in the 300-mg single-dose group
and in two subjects in the placebo group. No adverse events
were reported in the 50- and 100-mg treatment groups.
Overall, adverse events were reported to be self-limiting.

The safety and tolerability of eravacycline was also
assessed in an oral multiple-ascending dose study phase I
clinical trial involving three groups of six healthy subjects
receiving doses of 100 mg twice daily, 300 mg once daily,
or 400 mg once daily, respectively, for 7 days [42].
Adverse events reported by two or more subjects in any
study group included nausea, vomiting, abdominal pain,
upper abdominal pain, and headache. In subjects receiving
400 mg of eravacycline, treatment was discontinued on day
five due to tolerability issues related to nausea and vom-
iting (Table 9). A higher incidence of nausea and vomiting
was reported in the 400-mg treatment group compared to
the other treatment groups. No safety signals were found
upon review of vital signs, electrocardiogram, physical
examinations, and laboratory values testing for chemistry,
hematology, urinalysis, coagulation, liver function, and
renal function.

The safety and tolerability of intravenous eravacycline
administered 1.0 mg/kg twice daily for seven doses in 20
healthy volunteers were evaluated in a pulmonary dispo-
sition study [48]. A total of 78 adverse events were
reported from 19 of 20 volunteers, of which 64 adverse
events were determined to be related to eravacycline use.
The adverse events were reported as mild 70.5 % (55 of
78) or moderate 29.5 % (23 of 78). Reported side effects
included nausea, vomiting, headache, and irritation related
to infusion. No subjects discontinued drug therapy due to
adverse events. In the three phase I studies no serious
adverse events (SAEs) were reported [41, 42, 48].

In a phase II trial assessing the safety and efficacy of
intravenous eravacycline 1.5 mg/kg daily or 1 mg/kg twice
daily versus ertapenem 1 g once daily in the treatment of
clAl, treatment emergent adverse events (TEAEs) were
reported in 35.8 % (19 of 53), 28.6 % (16 of 56), and
26.7 % (8 of 30), respectively, among the three treatment
groups [12]. The most common TEAEs were nausea (1.9
and 10.7 % for eravacycline 1.5 and 1 mg/kg, respectively
and 6.7 % for ertapenem) and vomiting (5.7, 1.8, and 0 %,
respectively). Drug treatment was discontinued in two
patients in the eravacycline 1.5 mg/kg dosage group and
one patient in the ertapenem group. SAEs were reported in
three, one, and one patients receiving eravacycline 1.5,
eravacycline 1 mg/kg, and ertapenem 1 g, respectively. No
SAEs were considered related to the study drug. Three of
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Table 9 Adverse effects in phase I and II clinical studies

Study Treatment dose

Number (%) of patients Adverse events

with adverse event

Leighton et al. [41] Eravacycline 200 mg daily x 1

Eravacycline 300 mg daily x 1

Placebo®

Horn et al. [42] Eravacycline 100 mg twice daily x 7 days

Eravacycline 300 mg daily x 7 days

Eravacycline 400 mg daily x 7 days

Placebo

Connors et al. [48]

Solomkin et al. [12] Eravacycline 1.5 mg/kg daily x 4-14 days

Eravacycline 1.0 mg/kg twice daily x 4-14 days

Ertapenem 1.0 g daily x 4-14 days

Eravacycline 1.0 mg/kg twice daily x 7 doses

1/6 (16.7) Nausea
1/6 (16.7) Dizziness
1/6 (16.7) Nausea
1/6 (16.7) Dizziness
5/6 (83.3) aPPT prolonged
1/6 (16.7) Alanine aminotransferase increased
1/6 (16.7) Blood bilirubin increased
2/8 (25.0) aPPT prolonged
1/6 (16.7) Nausea
3/6 (50.0) Nausea
2/6 (33.3) Vomiting
4/6 (66.6) Nausea
5/6 (83.3) Vomiting
3/6 (50.0) Headache
3/6 (50.0) Abdominal pain
5/6 (83.3) Upper abdominal pain
1/6 (16.7) Nausea
1/6 (16.7) Headache
18/20 (90.0) Nausea
7/20 (35.0) Vomiting
13720 (65.0) Irritation (infusion site related)
6/20 (30.0) Headache
1/53 (1.9) Nausea
3/53 (5.7) Vomiting
2/53 (3.8) Abdominal pain
2/53 (3.8) Tleus
3/53 (5.7) Increased blood amylase
3/53 (5.7) Increased lipase
1/53 (1.9) Thrombophlebitis
6/56 (10.7) Nausea
1/56 (1.8) Vomiting
2/56 (3.6) Increased blood amylase
4/56 (7.1) Increased lipase
2/56 (3.6) Thrombophlebitis
2/30 (6.7) Nausea
1/30 (3.3) Increased blood amylase
2/30 (6.7) Increased lipase

aPPT activated partial thromboplastin time

? Treatment and control groups were randomized in a 3:1 ratio

the six SAEs reported in patients receiving eravacycline
1.5 mg/kg were deaths attributed to duodenal ulcer hem-
orrhage, atrial fibrillation, and embolism. No safety signals
were identified through laboratory tests, physical exami-
nations, vital sign measurements, or electrocardiogram
[12].

In a phase III trial assessing the safety and efficacy of
intravenous eravacycline 1.0 mg/kg every 12 h versus

ertapenem 1 g once daily in the treatment of cIAI, TEAEs
were reported in 14.8 % (40/270) and 1.5 % (4/268),
respectively, among the two treatment groups [56]. The
most common TEAEs for eravacycline and ertapenem
were nausea (3.3 and 0.4 %) and vomiting (2.2 and 0 %)
respectively. Vascular disorders were reported in 8.1 and
2.6 % of patients receiving eravacycline and ertapenem,
respectively. SAEs were reported in 17 and 16 patients
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receiving eravacycline and ertapenem, respectively. Deaths
due to any cause occurred in 1.1 and 2.2 % of patients
receiving eravacycline and ertapenem, respectively. Data
analysis from IGNITE 2, assessing the safety of eravacy-
cline compared to levofloxacin in the treatment of cUTI is
currently ongoing [47].

So far in clinical trials it appears that nausea with or
without vomiting was reported with eravacycline more
commonly than comparators. At this time the safety data
with eravacycline is relatively limited and further studies
are required to fully assess the adverse effect profile
associated with eravacycline.

11 Drug Interactions

Presently, limited data are available on drug interactions
involving eravacycline. Therefore, this section will briefly
summarize known drug interactions for the tetracycline
class.

Tetracyclines contain chemical functional groups that
form insoluble chelates with cations such as calcium,
magnesium, and iron [14, 57, 58]. Concurrent use of oral
tetracyclines and antacids containing aluminum, calcium
and magnesium may impair the absorption of oral tetra-
cyclines leading to decreased serum concentrations [57—
59]. If used concomitantly, it is recommended to admin-
ister tetracycline 2—4 h before or 2—6 h after an antacid to
minimize the interaction [57-59]. Iron salts and tetracy-
clines may decrease the absorption of both agents possibly
through chelation [57-60]. To minimize this interaction,
administer iron salts 3 h before and 2 h after tetracycline
[58, 59]. Antidiarrheal agents such as bismuth subsalicylate
may decrease absorption of tetracyclines; alternative ther-
apy is recommended [58, 59].

Tetracyclines may increase plasma concentrations of
anticoagulants such as warfarin causing an enhancement of
its anticoagulant effect [59, 60]. Monitoring of anticoagu-
lant activity through international normalized ratio or
prothrombin time is recommended with appropriate drug
adjustments [57-59].

Concomitant use of tetracyclines with digoxin may
increase concentrations of digoxin in less than 10 % of
patients due to reduced metabolism by the gastrointestinal
flora and may persist several months after discontinuation
of tetracycline therapy [57-59]. Patients should be moni-
tored for potential digoxin toxicity (increased concentra-
tions, nausea, arrhythmias) and their dose reduced as
necessary [57-59]. Anti-epileptic drugs such as barbitu-
rates, carbamazepine, and phenytoin may decrease serum
concentrations of doxycycline possibly through increased
hepatic metabolism [57-60]. Whether these agents interact
with eravacycline (16-35 % renal excretion) is unknown
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[44]. In vitro human hepatocyte studies have evaluated the
metabolic stability of eravacycline [61]. After incubation
for 4 h with human hepatocytes, the percentage of erava-
cycline remaining was 85.3 % [61].

Concurrent use of tetracyclines may reduce the efficacy
of oral contraceptives; however, this remains controversial
due to limited evidence [57-59]. Regardless, it is recom-
mended that additional forms of contraception be used
during tetracycline therapy [57-59]. Concomitant use of
tetracyclines and penicillins may decrease the bactericidal
effects of penicillin leading to drug antagonistic [57-60].
This combination should be avoided when possible [50,
53]. Use of retinoids (isotrentoin or acitretin) with tetra-
cyclines may increase risk of pseudotumor cerebri and is
generally not recommended [55, 59, 60].

12 Place of Eravacycline Therapy

Eravacycline demonstrates broad-spectrum antimicrobial
activity against Gram-positive, Gram-negative, and anaer-
obic bacteria with the exception of P. aeruginosa. Erava-
cycline is two- to fourfold more active than tigecycline
versus Gram-positive cocci and two- to eightfold more
active versus Gram-negative bacilli. Unlike tigecycline,
eravacycline is being evaluated in both oral and parenteral
formulations. Oral eravacycline may allow for step-down
therapy from intravenous eravacycline or other broad-
spectrum intravenous therapy and may permit its use
beyond the hospital setting. In both phase II and III clinical
trials, IV eravacycline demonstrated safety and efficacy in
the treatment of cIAls. Completed phase I, II, and III
clinical trials have demonstrated the safety of eravacycline;
however, the more data are required to fully assess the
adverse event profile and drug interactions of eravacycline.
Eravacycline is a promising new oral and intravenous
fluorocycline.
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