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Assessing the Efficacy and Safety of Eravacycline
vs Ertapenem in Complicated Intra-abdominal Infections
in the Investigating Gram-Negative Infections Treated
With Eravacycline (IGNITE 1) Trial
A Randomized Clinical Trial
Joseph Solomkin, MD; David Evans, MD; Algirdas Slepavicius, MD; Patrick Lee, MD; Andrew Marsh; Larry Tsai, MD;
Joyce A. Sutcliffe, PhD; Patrick Horn, MD

IMPORTANCE Eravacycline is a novel, fully synthetic fluorocycline antibiotic of the tetracycline
class with in vitro activity against clinically important gram-negative, gram-positive aerobic,
and facultative bacteria including most of those resistant to cephalosporins,
fluoroquinolones, β-lactam/β-lactamase inhibitors, multidrug resistant strains and
carbapenem-resistant Enterobacteriaceae, and most anaerobic pathogens.

OBJECTIVE To evaluate the efficacy and safety of eravacycline compared with ertapenem in
adult hospitalized patients with complicated intra-abdominal infections (cIAIs).

DESIGN, SETTING, AND PARTICIPANTS This was a phase III, randomized, double-blind,
multicenter study that evaluated the efficacy and safety of eravacycline in comparison with
ertapenem in patients with cIAI requiring surgical or percutaneous intervention. The
test-of-cure evaluation was conducted 25 to 31 days after the first dose of the study drug and
the follow-up visit was conducted 38 to 50 days after the first dose of the study drug. All
patients recruited into this study were hospitalized. Five hundred forty-one patients were
recruited for this study; 270 patients were randomized to receive eravacycline, and 271
patients were randomized to receive ertapenem. Patients had to meet all of the following
criteria: hospitalized for cIAI requiring intervention; 18 years or older; evidence of systemic
inflammatory response; pain caused by cIAI; able to provide informed consent; and diagnosis
of cIAI with sonogram or radiographic imaging or visual confirmation. Analyses were done in
intent-to-treat and evaluable populations.

INTERVENTIONS Patients received eravacycline, 1.0 mg/kg every 12 hours, or ertapenem, 1.0
g every 24 hours, for a minimum of four 24-hour dosing cycles.

MAIN OUTCOMES AND MEASURES Clinical outcome assessments were made at the end of
treatment, test of cure, and follow-up visits and were classified as clinical cure, clinical failure,
or indeterminate/missing.

RESULTS In total, 541 patients were randomly assigned to treatment: 270 in the eravacycline
group and 271 in the ertapenem group. The mean ages were 54.9 years and 55.4 years for the
eravacycline and ertapenem groups, respectively. Most patients were white (263 of 270
patients [97.4%] in the eravacycline group and 260 of 271 patients [95.9%] in the ertapenem
group). For the microbiological intent-to-treat population, the rates of clinical cure at the
test-of-cure visit were 86.8% in the eravacycline group and 87.6% in the ertapenem group.
The difference in clinical cure rates between the groups was −0.80% (95% CI, −7.1% to 5.5%),
meeting the prespecified noninferiority margin and allowing for statistical noninferiority of
eravacycline to ertapenem to be declared for this study. Both study drugs were well tolerated.

CONCLUSIONS AND RELEVANCE Overall, eravacycline demonstrated noninferiority to
ertapenem for the treatment of patients with cIAI.

TRIAL REGISTRATION Clinicaltrials.gNCT01844856.
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G ram-positive and gram-negative organisms with novel
resistance mechanisms to commonly used antimicro-
bials have become a global therapeutic problem. The

estimates of mortality and costs owing to antimicrobial resis-
tance are striking, and these concerns have led to clinical and
governmental action.1-3

A common resistance mechanism is the production of
extended-spectrum β-lactamases (ESBLs).4 Organisms that
produce ESBLs are now most commonly recognized in health
care settings and are, if not appropriately treated, an indepen-
dent risk factor for increased morbidity and mortality.5,6 Other
important pathogens, such as those in the Acinetobacter bau-
manii complex, are routinely multidrug resistant.7,8

Eravacycline is a novel, fully synthetic antibiotic of the
tetracycline class designed to be active against the 2 main ac-
quired tetracycline-specific resistance mechanisms: ribo-
somal protection and active drug efflux.9,10 Eravacycline has
potent in vitro activity against antibiotic-resistant bacteria
identified as urgent or serious threats by the US Centers for
Disease Control and Prevention: carbapenem-resistant En-
terobacteriaceae, methicillin-resistant Staphylococcus au-
reus, ESBL-producing Enterobacteriaceae, and vancomycin-
resistant enterococci.11

A dose-finding phase II study supported the efficacy of
eravacycline in complicated intra-abdominal infections
(cIAIs),12 an important problem in clinical practice.13 Treat-
ment failure, described as surgical site infections, may cause
substantial morbidity, mortality, delayed recovery, and in-
creased costs.14-16 For these reasons, cIAIs remain an im-
portant disease process for examining the efficacy of novel
antibiotics.

Because resistant, gram-negative organisms are a docu-
mented problem in cIAIs, there is a clear need for broad-
spectrum antibiotics to cover the wide range of potential patho-
gens seen. The objective of this study was to assess the efficacy
and safety of eravacycline compared with ertapenem in the
treatment of cIAIs in hospitalized adults.

Methods
Study Design
This was a randomized, double-blind, double-dummy,
multicenter study using a 2-arm, parallel treatment group
design that complied with the most recent US Food and Drug
Administration (FDA) guidance.17 The study was designed to
demonstrate noninferiority of eravacycline (1.0 mg/kg per 12
hours) vs ertapenem (1.0 g per 24 hours).

The protocol and all supporting information were submit-
ted to and approved by the institutional review board or in-
dependent ethics committee at each site before the study was
initiated. The study was conducted in accordance with Good
Clinical Practice and the World Medical Assembly Declara-
tion of Helsinki. Each patient of age of consent (per local re-
quirements) signed and dated a study-specific informed
consent form before any study procedures were conducted.
The consent forms complied with all applicable regulations
governing the protection of human participants.

Patients were enrolled between the dates of August 28,
2013, and August 24, 2014, from 66 clinical sites in 11 coun-
tries (Florence and Mobile, Alabama; Glendale, La Mesa,
Los Angeles, and Torrance, California; Aurora, Illinois; Car-
mel, Indiana; Boston and Springfield, Massachusetts; Min-
neapolis, Minnesota; Las Vegas, Nevada; Camden and Tea-
neck, New Jersey; Cleveland, Columbus, and Weston, Ohio;
Houston, Texas; and Seattle, Washington in the United
States; Corboda, Argentina; Pleven, Plovdiv, Rousse, Sofia,
and Varna, Bulgaria; Brno, Kladno, Melnik, Olomouc,
Prague, and Usti nad Labem in the Czech Republic; Kohtla-
Jarve, Tallinn, Tartu in Estonia; Paris, France; Heidelberg,
Luebeck, and Magdeburg, Germany; Daugavpils, Liepaja,
and Riga, Latvia; Kaunas, Klaipeda, Siauliai, and Vilnius,
Lituania; Bucharest, Cluj-Napoca, Craiova, and Timisoara,
Romania; Kaluga, Kemerovo, Moscow, Nizhny Novgorod,
Smolensk, St Petersburg, Tomsk, Volgograd, and Vsevolo-
zhsk of the Russian Federation; Benoni, Johannesburg, Pre-
toria, and Worcester, South Africa; and Dnipropetrovsk,
Ivano-Frankivsk, Kharkiv, Kyiv, Odesa, Uzhhorod, and
Zaporizhia in the Ukraine). The formal trial protocols for the
study can be found in the Supplement.

Inclusion Criteria
Patients were 18 years or older with clinical evidence of cIAI
requiring urgent surgical or percutaneous intervention
within 48 hours of diagnosis. Requirements for preoperative
enrollment were sonogram or radiographic imaging results
consistent with the diagnosis of cIAI; planned acute surgical
or percutaneous intervention; and planned specimen col-
lection by aspiration or tissue sample sent for culture and
sensitivity. Acceptable diagnoses for cIAI were appendiceal
perforation and/or periappendiceal abscess; diverticulitis
abscess or peritonitis; acute gastric and duodenal perfora-
tion if operated on more than 24 hours after the perforation;
traumatic perforation of the intestines if operated on more
than 12 hours after the perforation; and/or abscess or perito-
nitis owing to perforated viscus or other focus of infection
or other intra-abdominal abscess.

Key Points
Question Is eravacycline a safe and effective treatment for
complicated intra-abdominal infections compared with
ertapenem?

Findings This randomized clinical trial of 541 patients with
complicated intra-abdominal infections requiring surgery or
percutaneous drainage found a cure rate of 86.8% for the
microbiological intent-to-treat population in the eravacycline
treatment group and 87.6% for the microbiological intent-to-treat
population in the ertapenem treatment group. The difference in
clinical cure rates was −0.80%, exceeding the established
noninferiority margin.

Meaning The efficacy, microbiological activity, and safety of
eravacycline support a positive risk-benefit profile for the
treatment of patients with complicated intra-abdominal infections
and are comparable with the known profile for ertapenem.
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Exclusion Criteria
The following exclusions applied: rapidly progressing dis-
ease or immediately life-threatening illness including acute he-
patic failure, respiratory failure, and/or septic shock; require-
ment of vasopressors at therapeutic dosages to maintain a
systolic blood pressure at least 90 mm Hg or diastolic blood
pressure at least 70 mm Hg; a creatinine clearance less than
50 mL/min as estimated by the Cockcroft-Gault equation (to
convert to milliliters per seconds per meters squared, multi-
ply by 0.0167); and/or possible signs of significant hepatic
disease defined as alanine aminotransferase or aspartate ami-
notransferase greater than 3 times the upper limits of nor-
mal; greater than 5 times the upper limits of normal for pa-
tients with hepatic abscess or total bilirubin greater than 3 times
the upper limits of normal; anticipated survival period shorter
than the study period; symptoms related to diagnosis of com-
plicated appendicitis for less than 24 hours prior to the cur-
rent hospitalization; planned treatment of cIAI by staged ab-
dominal repair or other open abdominal techniques; and/or
known or suspected inflammatory bowel disease or associ-
ated visceral abscess. Patients were excluded if they had re-
ceived systemic antibiotics for their condition for more than
24 hours, received ertapenem or any other carbapenem or ti-
gecycline for the infection, or required systemic antimicro-
bial agents other than the study drug.

Randomization and Treatment
Randomization numbers were computer generated using an
internet-based system and stratified based on the primary site

of infection (complicated appendicitis vs all other diagno-
ses). No more than 30% of patients enrolled were to have com-
plicated appendicitis. Eligible patients were assigned to re-
ceive an intravenous infusion of eravacycline, 1.0 mg/kg every
12 hours, or ertapenem, 1 g every 24 hours. The study drug was
administered in 24-hour dosing cycles for a minimum of 4 dos-
ing cycles. Drug assignment was concealed from the patient
and all clinical and study staff using placebo infusions and a
double-dummy design. The comparator, ertapenem, is ap-
proved by the FDA and other regulatory authorities for the
treatment of cIAI.

Outcome Assessment
Patients were evaluated on day 1 through day 14 of the drug
regimen and at the end-of-treatment visit, which occurred
within 24 hours of the last dose of the study drug. The test-
of-cure (TOC) evaluation was conducted 25 to 31 calendar
days after the first dose of the study drug was administered,
and the follow-up visit was performed 38 to 50 calendar
days after the first dose of study drug was administered.
Patients remained hospitalized for the entire course of drug
therapy.

Clinical responses were classified as clinical cure, clinical
failure, or indeterminate/missing. Clinical cure was defined
as complete resolution or significant improvement of signs or
symptoms of the index infection such that no additional
antibacterial therapy, surgical, or radiological intervention
was required. Events defining clinical failure included death
related to cIAI at any time, persistence of clinical signs and

Figure. CONSORT Diagram

583 Patients assessed for eligibility

42 Excluded
32 Did not meet inclusion criteria
10 Declined to participate

541 Randomized

19 Lost to follow-up
12 Discontinued intervention

1 Did not meet disease criteria
3 Receipt of confounding non-

study antibiotic
5 Did not have adequate source

control
2 Did not receive at least 3 d

of study drug
1 Met key exclusion criteria

21 Lost to follow-up
9 Discontinued intervention
1 Did not meet disease criteria
5 Did not have adequate source

control
3 Did not receive at least 3 d

of study drug

229 Included in the primary analysis
10 Excluded from analysis

5 Adverse event
3 Insufficient therapeutic effect
2 Other

236 Included in the primary analysis
2 Excluded from analysis

(adverse event)

270 Randomized to receive eravacycline 271 Randomized to receive ertapenem
268 Received intervention as

randomized
3 Did not receive intervention

as randomized 
2 Withdrew consent
1 Randomized in error
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symptoms of cIAI, unplanned surgical procedures or percu-
taneous drainage procedures, postsurgical wound infections
requiring systemic antibiotics, and initiation of additional an-
tibacterial drug therapy for cIAI. Patients who did not meet cri-

teria for clinical cure or clinical failure were listed as indeter-
minate. If the investigator did not complete an assessment or
if the patient was not present for the TOC study visit, the out-
come was considered missing.

Table 1. Demographics, Baseline, and Surgical Characteristics (Micro-ITT Population)

Characteristic

No. (%)

Eravacycline, 1.0 mg/kg
Every 12 h
(n = 220) Cure Rate

Ertapenem, 1.0 g
Every 24 h
(n = 226) Cure Rate

Male sex 126 (57.3) NA 132 (58.4) NA

BMI, mean (SD) [range] 28.23 (5.77)
[17.3-73.6]

NA 27.50 (5.04)
[17.3-46.4]

NA

Age, mean (SD) [range], y 54.9 (17.14)
[19-86]

NA 55.4 (16.17)
[20-87]

NA

Age group, y

<65 149 (67.7) 132 (88.6) 159 (70.4) 142 (89.3)

65-74 43 (19.5) 33 (76.7) 36 (15.9) 28 (77.8)

≥75 28 (12.7) 26 (92.9) 31 (13.7) 28 (90.3)

APACHE II score, mean (SD)
[range]

6.6 (4.23)
[0-30]

NA 6.8 (3.94)
[0-22]

NA

Surgical intervention

Open 126 (57.3) 108 (85.7) 135 (59.7) 117 (86.7)

Laparoscopic 69 (31.4) 60 (87.0) 71 (31.4) 64 (90.1)

Percutaneous 25 (11.4) 23 (92.0) 20 (8.8) 17 (85.0)

Primary disease diagnosis as
randomized

Complicated appendicitis 65 (29.5) NA 67 (29.6) NA

Other cIAI 155 (70.5) NA 159 (70.4) NA

Final diagnosis and
intraoperative findings

Total appendicitis 68 (30.9) 58 (85.3) 67 (29.6) 58 (86.6)

Perforated appendicitis 26 (36.8) 22 (84.0) 27 (40.2) 22 (81.5)

Abscess 15 (19.1) 11 (76.9) 18 (20.9) 17 (100.0)

Peritonitis 27 (39.7) 25 (92.6) 22 (53.7) 19 (86.4)

Total cholecystitis 44 (20.0) 39 (88.6) 47 (20.8) 46 (97.9)

Complicated cholecystitis 19 (43.2) 18 (94.7) 17 (36.2) 17 (100.0)

Abscess 17 (38.6) 15 (88.2) 19 (40.4) 19 (100.0)

Peritonitis 5 (11.4) 4 (80.0) 7 (14.9) 6 (85.7)

Abscess and peritonitis 3 (6.8) 2 (66.7) 4 (8.5) 4 (100.0)

Gastrointestinal/duodenal
perforation (peritonitis)

20 (9.1) 19 (95.0) 26 (11.5) 25 (96.2)

Hepatic 19 (8.6) 19 (100.0) 6 (2.7) 5 (83.3)

Total intestinal perforation 31 (14.1)1 24 (77.4) 41 (18.1)2 34 (82.9)

Abscess 9 (29.0) 7 (77.8) 9 (22.0) 7 (77.8)

Peritonitis 20 (64.5) 15 (75.0) 22 (53.7) 20 (90.9)

Abscess and peritonitis 2 (6.5) 2 (100.0) 10 (24.4) 7 (70.0)

Gynecological 3 (1.4) 3 (100.0) 1 (0.4) 1 (100.0)

Organ source not specified 21 (9.5) 18 (85.7) 24 (10.6) 17 (70.8)

Abscess 17 (81.0) 14 (82.4) 20 (83.3) 14 (70.0)

Peritonitis 3 (14.3) 3 (100.0) 4 (16.7) 3 (75.0)

Abscess and peritonitis 1 (4.8) 1 (100.0) 0 (0.0) 0

Total postsurgical 13 (5.9) 10 (76.9) 14 (6.2) 12 (85.7)

Splenic abscess 1 (0.5) 1 (100.0) 0 (0.0) 0

Duration of treatment, d

Median 7.0 NA 7.0 NA

Mean (SD) [range] 7.6 (2.8)
[2-15]

NA 7.6 (2.4)
[2-15]

NA

Abbreviations: APACHE, Acute
Physiology and Chronic Health
Evaluation; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
cIAI, complicated intra-abdominal
infections; ITT, intent-to-treat;
NA, not applicable.
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Microbiologic Assessment
Four blood samples from at least 2 separate venipuncture sites
were obtained at the time of screening for aerobe and anaerobe
cultures. Surgical specimens from all sites were shipped to
their respective regional laboratory at ambient temperature
on the day of collection with arrival within 48 hours from the
time of collection for purification and identification of iso-
lates. All bacterial isolates cultured from aerobic and anaero-
bic specimens were evaluated for susceptibility to study
drugs. Isolates from all studies showing resistance to carbap-
enems or third- and fourth-generation cephalosporins were
sent to JMI Laboratories, North Liberty, Iowa, to determine
uniqueness based on pulsed field gel electrophoresis and fur-
ther determination of β-lactam resistance mechanisms.

Statistical Analysis
The primary efficacy end point was the clinical response at the
TOC visit in the microbiological intent-to-treat (micro-ITT) popu-
lation (FDA) and in the modified intent-to-treat (MITT) and clini-
cally evaluable populations (European Medicines Agency). For
the FDA, a noninferiority margin of 10% was used. The nonin-
feriority test was based on the lower limit of the 2-sided 95% CI.
If the lower limit of the 95% CI for the difference in clinical cure
rates in the micro-ITT population exceeded −10%, noninferior-
ity of eravacycline to ertapenem would be declared.

We performed a review of source control procedures for
patients whose clinical outcomes were considered failures
and cured patients with an unplanned second procedure.17

Results
Patient Demographics and Baseline Characteristics
In total, 541 patients were randomly assigned to treatment: 270
in the eravacycline 1.0 mg/kg every 12 hours group and 271 in

the ertapenem 1.0 g every 24 hours group. The CONSORT dia-
gram indicating different patient populations is shown in the
Figure. Patients who had baseline bacterial pathogens against
at least 1 of which the study drug had in vitro antibacterial ac-
tivity were designated as the micro-ITT population. The de-
mographics and baseline characteristics for this population are
shown in Table 1.

Patients in the micro-ITT population displayed gener-
ally similar demographic characteristics across both treat-
ment groups. The mean ages were 54.9 years and 55.4 years
for the eravacycline and ertapenem groups, respectively.
Most patients were white (263 of 270 patients [97.4%] in the
eravacycline group and 260 of 271 patients [95.9%] in the
ertapenem group) and men, reflecting the geographic distri-
bution of study sites.

Approximately one-third of patients in both treatment
groups (88 of 270 patients [32.6%] for eravacycline and 76 of
271 patients [28.0%] for ertapenem) were older than 65 years.
We believe the paradoxically high cure rates in patients 75 years
and older were owing to diseases where the infectious pro-
cess could be extirpated such as pericholecystic disease.

Pathologic Processes Encountered
One hundred patients (90.0%) in the eravacycline treatment
groupand189patients(83.6%)intheertapenemtreatmentgroup
entered the study either intraoperatively or postoperatively.

The most common anatomic description of infection was
intra-abdominal abscess(es), with 85 patients (42.9) in the
eravacycline treatment group and 77 (40.7%) in the ertapenem
treatment group, followed by peritonitis (62 patients [31.1%] and
65 patients [34.4%] in the eravacycline and ertapenem groups,
respectively). Complicated appendicitis was the cause of infec-
tion in 62 patients (31.3%) and 60 patients (31.7) in the erava-
cycline and ertapenem groups, respectively. The data displayed
by the presumed pathology are provided in Table 1.

Table 2. Primary Efficacy Analysis for US Food and Drug Administration (Clinical Response at TOC Visit)

Population

No. (%)

Difference (95% CI)
Eravacycline, 1.0 mg/kg
Every 12 h

Ertapenem, 1.0 g
Every 24 h

MITT

No. 270 268

−1.80 (−7.4 to 3.8)
Clinical cure 235 (87.0) 238 (88.8)

Clinical failure 19 (7.0) 15 (5.6)

Indeterminate/missing 16 (5.9) 15 (5.6)

Micro-ITT

No. 220 226

−0.80 (−7.1 to 5.5)
Clinical cure 191 (86.8) 198 (87.6)

Clinical failure 19 (8.6) 11 (4.9)

Indeterminate/missing 10 (4.5) 17 (7.5)

CE

No. 239 238

−1.7 (−6.3 to 2.8)Clinical cure 222 (92.9) 225 (94.5)

Clinical failure 17 (7.1) 13 (5.5)

Microbiologically evaluable

No. 198 199

−3.6 (−8.9 to 1.5)Clinical cure 181 (91.4) 189 (95.0)

Clinical failure 17 (8.6) 10 (5.0)

Abbreviations: CE, clinically
evaluable; ITT, intent-to-treat;
MITT, modified intent-to-treat;
TOC, test-of-cure.
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Most patients in the micro-ITT population in the eravacy-
cline group and the ertapenem group had open surgical pro-
cedures. The second most common operative approach was
laparoscopic, followed by percutaneous drainage. The choices
were driven by the pathology encountered; cholecystitis was
most often treated by laparoscopy, as was appendicitis. Vari-
ables relating to the surgical intervention, such as average study
day of intervention, number of abscesses, infection type,
wound closure, and number of drains placed, were similar in
both treatment groups.

Efficacy Analysis
Table 2 details the difference in clinical cure rates at the TOC
visit based on a 95% CI. For the primary end point, clinical cure
rates were 87.0% (235 of 270) for eravacycline and 88.8% (238
of 268) for ertapenem in the MITT population. The difference
in clinical cure rates was −1.80% with a 2-sided 95% CI of −7.4%
to 3.8%, meeting the statistical criteria for noninferiority. The
microbiologically evaluable population also achieved statis-
tical noninferiority, with clinical cure rates of 91.4% (181 of 198)
for eravacycline and 95.0% (189 of 199) for ertapenem (differ-
ence of −3.6%; 95% CI, −8.9% to 1.5%). Clinical cure rates in
the clinically evaluable population at TOC were 92.9% (222 of
239) and 94.5% (225 of 238) with a difference of −1.7% (−6.3%
to 2.8%). In the micro-ITT population, cure rates were 86.8%
(191 of 220) and 87.6% (198 of 226), respectively (difference
−0.80%; 95% CI, −7.1% to 5.5%).

Clinical failure rates were similar in both treatment groups
for the MITT population. For the micro-ITT population, the
clinical failure rate was 8.6% (19 of 220) for the eravacycline
treatment group and 4.9% (11 of 226) for the ertapenem treat-
ment group, with indeterminate/missing rates of 4.5% (10 of
220) and 7.5% (17 of 226), respectively. Table 3 details all clini-
cal failures in the micro-ITT population. The most frequent rea-
sons for clinical failure were unplanned surgical procedure or
percutaneous drainage procedure and initiation of rescue
antibacterialtherapy for cIAI.

There were 9 deaths in the study, 3 among patients receiv-
ing eravacycline and 6 among patients receiving ertapenem.
The specific causes of death were pulmonary embolism (n = 2),
respiratory failure (n = 3), multisystem organ failure (n = 1), car-
diac rhythm disturbances (n = 2), and cerebrovascular acci-
dent (n = 1). None were considered related to study therapy.

Microbiologic Responses
Table 4 summarizes the number and percentage of patients
from the micro-ITT population with a favorable microbiologi-
cal response at the TOC visit. The percentage of favorable re-
sponses was generally similar between treatment groups for
most pathogens. The baseline pathogens for which the inci-
dence of favorable responses was at least 10% higher in the er-
avacycline treatment group compared with the ertapenem
treatment group included Streptococcus constellatus, Citrobac-
ter freundii, Klebsiella pneumoniae, and Bacteroides thetaio-
taomicron. The baseline pathogens for which the incidence of
favorable responses was at least 10% lower in the eravacy-
cline treatment group compared with the ertapenem treat-
ment group included Enterobacter cloacae, Bacteroides

ovatus, Enterococcus faecalis, and Pseudomonas aeruginosa.
Also of interest is the fact that the favorable response in pa-
tients with baseline Acinetobacter baumannii was 100% in both
treatment groups (8 of 8 for eravacycline and 5 of 5 for ertap-
enem) at the TOC visit.

Organisms Present in Treatment Failures
Fifteen patients in the eravacycline arm and 11 in the erta-
penem arm had failed clinical outcomes because of need for a
second unplanned procedure or wound infection. Ten pa-
tients receiving eravacycline had persisting isolates. These
included 6 Escherichia coli and 1 each Bacteroides species,
Clostridia perfringens, Enterococcus durans, Hemophilus para-
influenzae, and Pseudomonas aeruginosa. In the ertapenem-
treated patients, there was 1 E coli, 2 Bacteroides species, and
2 streptococci.

In patients whose outcomes were classified as clinical fail-
ures and who underwent a second surgical procedure that al-
lowed for repeated culture, the susceptibility to eravacycline
of the pathogens isolated at the follow-up procedure was com-
pared with the susceptibility of the original baseline patho-
gens. Only 1 patient in the eravacycline group exhibited de-
creasing susceptibility.

Safety
There were more treatment-emergent adverse events in the
eravacycline treatment group (113 of 270) than the erta-
penem treatment group (75 of 268). The number of severe or
life-threatening treatment-emergent adverse events was the
same for both groups (n = 13). The number of patients who ex-
perienced treatment-emergent adverse events by preferred
term in each treatment group was similar for vomiting, ane-
mia, pyrexia, and diarrhea. Nausea and phlebitis were the
exceptions: nausea was recorded for 22 patients (8.1%) in the
eravacycline group and 2 patients (0.7%) in the ertapenem
group, and phlebitis was recorded for 8 patients (3.0%) in the
eravacycline group and 1 patient (0.4%) in the ertapenem
group. The number and percentage of patients who experi-
enced severe treatment-emergent adverse events, including
life-threatening and fatal events, were similar between both

Table 3. Reasons for Clinical Failure at TOC Visit (Micro-ITT Population)

Reason

No. (%)
Eravacycline,
1.0 mg/kg
Every 12 h
(n = 220)

Ertapenem,
1.0 g
Every 24 h
(n = 226)

Clinical failure at TOC 19 (8.6) 11 (4.9)

Unplanned surgical procedure or
percutaneous drainage procedure

10 (4.5) 9 (4.0)

Initiation of rescue antibacterial therapy
for cIAI

6 (2.7) 4 (1.8)

Persistence of clinical symptoms of cIAI 5 (2.3) 4 (1.8)

Postsurgical wound infections requiring
systemic antibiotics

5 (2.3) 2 (0.9)

Other 3 (1.4) 2 (0.9)

Surgical adjudication committee 0 1 (1.4)

Abbreviations: cIAI, complicated intra-abdominal infections; ITT, intent-to-treat;
TOC, test-of-cure.
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treatment groups: 15 (5.6%) for eravacycline and 16 (6.0%) for
the ertapenem.

Discussion
In this phase III trial comparing eravacycline with ertapenem
for complicated intra-abdominal infections, eravacycline met

both the FDA and EMA primary end points of noninferior clini-
cal efficacy vs ertapenem.

The patients entered in this trial were somewhat differ-
ent from those in 2 trials performed in 2015 and 2016. We
limited the percentage of patients with appendicitis, an
infection with high cure rates, to 30%. In the trial with
ceftolozane/tazobactam, 46% of the patients had appendici-
tis with a cure rate of 96%.19 In the ceftazidime/avibactam

Table 4. Clinical Cure at the TOC Visit by Baseline Pathogen (Micro-ITT Population, With ≥10 Patients/Isolate)

Baseline Pathogena

No./Total No. (%)
Eravacycline, 1.0 mg/kg Every 12 h
(n = 220)

Ertapenem, 1.0 g Every 24 h
(n = 226)

Gram-negative aerobes 155/182 (85.2)b 162/186 (87.1)

Enterobacteriaceae 142/168 (84.5) 147/171 (86.0)

CEPH-Rc 18/20 (90.0) 18/22 (81.8)

Confirmed ESBL 19/21 (90.5)d 15/18 (83.3)e

CP-Rf 1/1 (100.0) 4/5 (80.0)

Confirmed carbapenemase 1/1 (100.0)g 0/1 (0.0)h

MDRi 14/16 (87.5) 11/12 (91.7)

Escherichia coli 109/127 (85.8) 112/132 (84.8)

Klebsiella pneumoniae 16/18 (88.9) 19/23 (82.6)

Proteus mirabilis 13/14 (92.9) 10/11 (90.9)

Gram-negative aerobes (other) 37/44 (84.1) 32/34 (94.1)

Pseudomonas aeruginosa 15/18 (83.3) 18/20 (90.0)

Acinetobacter species 8/8 (100) 6/6 (100)

CEPH-Rc 8/8 (100) 5/5 (100)

Confirmed ESBL 5/5 (100)j 1/1 (100)k

CP-Rf 3/3 (100) 4/4 (100)

Confirmed carbapenemase 2/2 (100)l 4/4 (100)m

MDRi 7/7 (100) 4/4 (100)

Stenotrophomonas maltophilia 1/3 (33.3) 1/1 (100)

Gram-positive aerobes 101/117 (86.3) 105/120 (87.5)

Streptococcus species 58/65 (89.2) 54/64 (84.4)

Enterococcus faecalis 16/23 (69.6) 21/26 (80.8)

Enterococcus faecium 13/16 (81.3) 26/30 (86.7)

Anaerobes 88/106 (83.0) 94/107 (87.9)

Bacteroides fragilis 39/44 (88.6) 38/42 (90.5)

Bacteroides ovatus 13/19 (68.4) 15/17 (88.2)

Bacteroides thetaiotaomicron 23/26 (88.5) 17/20 (85.0)

Abbreviations: CEPH-R, cephalosporin-resistant; CLSI, Clinical and Laboratory
Standards Institute; CP-R, carbapenem-resistant; ESBL, extended-spectrum
β-lactamases; ITT, intent-to-treat; MDR, multidrug resistance; TOC, test-of-cure.
a Clinical response is based on the Surgical Adjudication Committee assessment.

Patients with the same pathogen from more than 1 specimen were counted
only once for that pathogen. Patients were counted only once in the overall
tabulation of gram-negative aerobes, gram-negative anaerobes, and
gram-positive aerobes. Patients are counted only once for the overall
tabulation of Enterobacteriaceae, Bacteroides species, and Streptococcus
species.

b Results are presented as No./total No. (%), where No. = patients with
favorable outcomes, total No. = total patients with the respective pathogen,
and % = No./total No.×100. For CEPH-R, CP-R, and MDR results, total
No. = total patients with an isolate with a resistant phenotype that received
further testing for determination of β-lactamase resistance mechanism
(genotype).

c CEPH-R = third-/fourth-generation cephalosporin-resistant according to 2015
CLSI break points.

d One or more: CTX-M-1-like, CTX-M-14, CTX-M-15-like, CTX-M-3-like,
CTX-M-55/79, OXA-1/30, SHV-1, SHV-11, SHV-30, or TEM-1.

e One or more: CTX-M-1-like, CTX-M-15-like, CTX-M-3-like, OXA-1/30, SFO-1-like,
SHV-1, SHV-11, SHV-12, or TEM-1.

f CP-R = carbapenem-resistant according to 2015 CLSI breakpoints.
g KPC-2.
h OXA-48.
i Multidrug resistant according to modified European Society of Critical

Microbiology criteria.18

j GES-11 or PER-1.
k GES-11.
l OXA-23 or OXA-72-like.
mOXA-23, OXA-72-like, or VIM-2.
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trial, 41% of patients had appendicitis with a similarly high
success rate.20

There has been considerable improvement in clinical
outcomes in trials conducted in the past decade compared
with those reported 10 or more years ago. For example, in a
2003 study, 245 of 311 patients treated with ertapenem
(79.3%) were cured, as were 232 of 304 (76.2) treated with
piperacillin/tazobactam.19 We noted a considerable increase
in the use of laparoscopic and percutaneous procedures
compared with open operations in previous trials. The
movement to less invasive procedures has been associated
with reduced treatment failure.21-23

Source control, the physical steps taken to drain
abscesses and correct any underlying intestinal discontinuity,
is an essential element of treatment.24 Because of the depen-
dency of infection rates on the type of procedure performed
and because the procedure is typically dictated by the organ
of origin, we would like to highlight the importance of docu-
menting the organ of origin rather than only the presence of
abscess/peritonitis because this may obscure the clinical
details of infection and the source control procedure per-
formed.

The microbiology encountered in this trial is similar to
that seen in other clinical trials in cIAI. Most infections
(>90%) were polymicrobial, and gram-negative facultative or
aerobic organisms were isolated in 82% of patients. Clinical
cure rates by organism were equivalent between eravacycline
and ertapenem across all types of organisms. Patients with ceph-
alosporin-resistant isolates and the large subset of those
expressing ESBLs were cured at rates equivalent to cephalo-
sporin-susceptible and non-ESBL–producing organisms.

The presence of ESBLs in 9% of the patients is of concern.
Placebo-controlled randomized clinical trials have demon-
strated a critical role for antibiotics targeting the range of
organisms encountered in these mixed flora infections, with
a substantial effect size.16 Whether, in the presence of resis-
tance, empirical treatment active against the gram-negative
organisms resistant to β-lactams prior to incision would pro-
vide even lower surgical site infections is not known. For
90% of the patients, perioperative antibiotics were
β-lactams, and study-driven therapy was not given until the
postoperative period. Given the small numbers of failures
with ESBLs, a case for empirical treatment for these isolates
cannot be made until studies with higher background ESBL
rates are done.

This and other protocols exclude patients with rapidly fa-
tal background disease or septic shock. The outcome of inter-
est is the ability of the study agents to resolve the local infec-
tion and prevent recurrent surgical site infections. Mortality
confounds an antibiotic efficacy study because death is typi-

cally multifactorial, primarily driven by background disease
and septic shock.

We noted high success rates in this study with organisms
known to be resistant to one or the other agent used in this
study. This is of particular relevance for ertapenem and erava-
cycline activity against P aeruginosa and for ertapenem against
Acinetobacter. This phenomenon is observed in most random-
ized clinical trials in cIAI. The most common explanation is that
the source control procedure reduces the inoculum density
substantially, so that ongoing invasive infection is termi-
nated. However, multiple placebo-controlled trials in perfo-
rated appendicitis demonstrate significant benefit of organism-
specific therapy.25 Another possibility is that in polymicrobial
infections, the requirement for microbial synergy may mean
cure rates would be increased if only part of the infecting flora
were killed. To support this, we noted that 97% of cases har-
boring P aeruginosa also had coinfecting susceptible isolates.
It would appear that the best evidence for an agent’s activity
against a specific organism is the demonstration of clinical
eradication combined with in vitro susceptibility. The causes
of failure were similar between the treatment groups and are
consistent with findings in clinical practice and in other trials.

Limitations
Trials of antimicrobial therapy in cIAIs are at risk of confound-
ing by the various factors that affect the outcome. These fac-
tors include patients with varying premorbid conditions, clini-
cal details of the acute disease process varying significantly
in their prognostic importance, and perioperative care prac-
tices that may alter outcomes if not standardized. Finally, the
timing and nature of the procedure performed may vary within
specific disease states. These individual outcome determi-
nants may have stronger effects than the antimicrobial agent
given and thus may confound the statistical analysis. To avoid
these problems, this study enrolled a large number of pa-
tients and limited the wide range of premorbid conditions such
as terminal cancer and other life-threatening diseases al-
lowed for study entry, controlled the timing of study drug ini-
tiation to maximize effectiveness, and used objective end
points, such as death or surgical site infection, as the out-
come determinants.

Conclusions
In this study, intravenous eravacycline, 1.0 mg/kg every 12
hours, was found to be noninferior to ertapenem in patients
with cIAIs. The microbiology and patients encountered in this
trial were representative of the broader group of patients seen
in clinical practice with such infections.
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