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Background.  The increasing prevalence of obesity worldwide merits an examination of the efficacy and safety profiles of 
agents dosed by weight.

Methods.  Data for patients (n = 1037) were obtained from the pooled IGNITE1 and IGNITE4 randomized double-blind 
trials in which patients with complicated intra-abdominal infections received eravacycline 1 mg/kg (actual body weight [ABW]) 
every 12 hours or comparator (ertapenem 1 g every 24 hours or meropenem 1 g every 8 hours) intravenously. This post hoc anal-
ysis evaluated clinical cure rates, adverse events, and drug discontinuation rates stratified by body mass index (BMI) categories of 
BMI >40 kg/m2 (Obese, Class III), BMI 35–39.9 kg/m2 (Obese, Class II), BMI 30–34.9 kg/m2 (Obese, Class I), BMI 25–29.9 kg/m2 
(Overweight), BMI 18.5–24.9 kg/m2 (Healthy weight), and BMI <18.5 kg/m2 (Underweight).

Results.  Clinical cure rates were high across BMI categories and ranged from 82% to 94% in the eravacycline group and 88.5%–
100% in the comparator group. Similar cure rates were observed among eravacycline-treated healthy weight (126/134; 94%), overweight 
(127/146; 87%), and obese (BMI ≥30 kg/m2; 110/129; 85.3%) patients. In the comparator group, a similar proportion of patients demon-
strated clinical response (healthy weight [132/145; 91%], overweight [130/144; 90.3%], and obese [115/129; 89.1%]). Of the treatment-
emergent adverse events that occurred in eravacycline-treated obese patients, a larger proportion were gastrointestinal-related (ie, nausea 
and vomiting); however, discontinuation rates were low and similar between eravacycline and carbapenems.

Conclusions.  This post hoc analysis demonstrates the therapeutic utility and acceptable safety profile of eravacycline dosed by 
ABW in obese patients (BMI ≥30 kg/m2).

Keywords.  obesity; BMI; eravacycline; multidrug resistance; complicated intra-abdominal infection.

Antimicrobial therapy in obese patients can represent a clin-
ical challenge due to physiological changes in cardiac output, 
volume of distribution, and liver and renal function, ultimately 
resulting in altered drug pharmacokinetics and the potential for 
inadequate drug exposures [1–4]. Obesity (body mass index 
[BMI] ≥30  kg/m2) is a well-recognized chronic condition as-
sociated with morbidity and mortality and an escalating global 
health issue [5, 6]. In the United States, the age-adjusted prev-
alence of obesity increased from 30.5% (1999–2000) to 42.4% 
(2017–2018) [7]. Among European Union countries, 30%–70% 

of the population is overweight, while obesity affects 10%–30% 
of adults [8]. This increasingly prevalent comorbid condition 
warrants examination of the impact of body weight on the 
efficacy and safety profile of newly registered drugs such as 
eravacycline, an antimicrobial whose dosing regimen is based 
upon the patient’s actual body weight.

Eravacycline is a broad-spectrum intravenous fluorocycline 
antibiotic of the tetracycline class that is Food and Drug 
Administration (FDA)– and European Medicines Agency–ap-
proved for the treatment of complicated intra-abdominal in-
fections (cIAIs) in patients 18 years of age or older [9, 10]. As 
a fully synthetic antibiotic, eravacycline was designed to re-
tain activity against the 2 main tetracycline-specific resistance 
mechanism mediated by ribosomal protection and drug efflux 
[11]. Eravacycline has potent in vitro and in vivo activity against 
gram-positive bacteria (ie, methicillin-resistant Staphylococcus 
aureus and vancomycin-resistant enterococci), as well as the in-
creasingly prevalent extended-spectrum β-lactamase (ESBL)– 
and carbapenemase-producing gram-negative bacteria [12–16].

In the Investigating Gram-Negative Infections Treated with 
Eravacycline (IGNITE) Phase 3 clinical trials in adults hos-
pitalized with cIAI, eravacycline was compared with either 
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ertapenem (IGNITE1) or meropenem (IGNITE4) as the active 
comparator for 4–14 days of therapy. An assessment of clinical 
outcomes demonstrated that eravacycline was noninferior to 
carbapenems at the test-of-cure visit in all prespecified popu-
lations [17, 18]. Complicated intra-abdominal infections en-
compassed several infections such as appendicitis, cholecystitis, 
diverticulitis, gastric/duodenal perforation, intra-abdominal 
abscesses, and peritonitis.

A major concern with weight-based dosing is effectiveness 
and tolerability in patients with extreme body weights [19]. 
Furthermore, while commonly associated with comorbidities 
such as cardiovascular disease and diabetes, obesity has also 
emerged as an independent risk factor for infection due to 
obesity-related immune system dysregulation [20–23]. Based 
on these concerns, limited pharmacokinetic data in obese pa-
tients, and the need to provide guidance to clinicians on the 
frequent question of the clinical success and risk of toxicity in 
overweight and obese patients, we conducted a post hoc anal-
ysis of the IGNITE1 and IGNITE4 trials. The objective of the 
current analysis was therefore to examine clinical cure rates, the 
incidence of adverse events, and drug discontinuation rates by 
weight categories in patients with cIAI receiving eravacycline vs 
carbapenem comparator.
Study Design and Population

We performed a post hoc analysis of pooled efficacy and 
safety data from the IGNITE1 (NCT01844856) and IGNITE4 
(NCT02784704) clinical trials, which were conducted in 13 and 
11 countries, respectively [17, 18]. Briefly, these phase 3, ran-
domized, double-blind, multicenter noninferiority trials were 
designed to test the efficacy and safety of eravacycline compared 
with either ertapenem (IGNITE1; conducted August 2013 to 
August 2014)  or meropenem (IGNITE4; conducted October 
2016 to May 2017)  in acutely hospitalized patients diagnosed 
with cIAI [17, 18, 24, 25]. The primary efficacy analysis, as re-
quired by the FDA, was conducted using a 10% (IGNITE1) and 
12.5% (IGNITE4) noninferiority margin in the microbiological 
intent-to-treat (micro-ITT) population.

Patients aged ≥18 years who were hospitalized for suspected 
cIAI and able to provide informed consent were considered 
for inclusion. Across the 2 studies, patients were randomized 
to intravenous (IV) eravacycline 1 mg/kg every 12 hours (ac-
tual body weight), IV ertapenem 1  g every 24 hours, or IV 
meropenem 1  g every 8 hours. Randomization was stratified 
based on the primary site of infection (complicated appendi-
citis vs all other cIAI diagnoses).

Patient Consent Statement

The institutional review board/independent ethics committee 
at each study site reviewed and approved the clinical study 
protocol and all relevant supporting information before study 
initiation. All patients at each site provided written consent be-
fore study enrollment. Each trial was conducted in accordance 

with Good Clinical Practice and was consistent with the World 
Medical Assembly Declaration of Helsinki. Given the retrospec-
tive nature of this post hoc study, a separate informed consent 
was not required.

Outcomes

For this analysis, efficacy and safety data from the ertapenem 
and meropenem treatment arms were pooled and defined as the 
carbapenem “Comparator group” to compare with the pooled 
“Eravacycline group.” Patients were classified into 6 weight 
categories based on National Institutes of Health (NIH) BMI 
categories: BMI >40 kg/m2 (Obese, Class III), BMI 35–39.9 kg/
m2 (Obese, Class II), BMI 30–34.9 kg/m2 (Obese, Class I), BMI 
25–29.9  kg/m2 (Overweight), BMI 18.5–24.9  kg/m2 (Healthy 
weight), and BMI <18.5 kg/m2 (Underweight) [26].

The primary end point evaluated across BMI categories was 
clinical response (cure, failure, indeterminate/missing) at test of 
cure (TOC), which occurred 25–31 calendar days after the ini-
tial dose of the study drug. Treatment-emergent adverse events 
(TEAEs) occurring in >2% of patients (safety population) in 
either the eravacycline or comparator group are reported as 
counts and percentages. The safety population (ie, modified 
intent-to-treat population) includes all randomized patients 
who received at least 1 dose of the study drug.

Statistical Analyses

Descriptive statistics were performed using Sigma Plot 14 
(Systat Software Inc, San Jose, CA, USA). Any difference in the 
clinical cure rates in the primary efficacy population at TOC in 
3 BMI categories (healthy, overweight, and obese [all classes]) 
was determined using the χ 2 test, and a prespecified alpha level 
of .05 was used. For additional sensitivity analysis, efficacy end 
points were also assessed based on 3 patient weight categories: 
<70 kg, 70–100 kg, >100 kg.

RESULTS

Demographics and Baseline Characteristics

A total of 842 patients with a recorded BMI from the primary 
efficacy population (micro-ITT population) in the pooled 
IGNITE1 and IGNITE4 studies were included in this present 
analysis; 415 and 427 received eravacycline and a carbapenem, 
respectively. Complicated appendicitis was the cause of infec-
tion in 160 patients (38.6%) and 157 patients (36.8%) in the 
eravacycline and comparator groups, respectively. In general, 
baseline characteristics were similar across patients in each 
BMI category as well as between treatment arms (Table  1). 
Within the Obese category (BMI ≥30 kg/m2), a larger propor-
tion of patients in both treatment arms were subclassified as 
Obese Class  I. Patients were evenly distributed between the 3 
main BMI categories (Healthy weight: eravacycline [n = 134] 
vs comparator [n = 145]; Overweight: eravacycline [n = 146] 
vs comparator [n = 144]; and Obese: eravacycline [n = 129] 
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vs comparator [n = 129]) (Figure  1). Duration of antibiotic 
therapy was similar across obesity classes.

Efficacy

Figure  2 shows the clinical response (cure rate) at the TOC 
visit in the micro-ITT population stratified by BMI. Clinical 
cure rates were high across all BMI categories and ranged from 
82% to 94% in the eravacycline group and 88.5% to 100% in 
the comparator group. Importantly, similar cure rates were ob-
served among eravacycline-treated healthy weight (126/134; 
94%), overweight (127/146; 87%), and obese (110/129; 85.3%) 
patients (P = .223). Among the 129 eravacycline-treated obese 
patients, a 93.9% cure rate in the Obese Class II population sug-
gests that efficacy was not impacted as patient BMI increased.

Concordant observations were made when kilogram-only 
weight cutoffs were applied to the micro-ITT population: 
<70 kg (85/92; 92.4%), 70–100 kg (247/281; 87.9%), and >100 kg 
(36/42; 85.7%; P = .199). In the carbapenem comparator group, 
a similar proportion of patients demonstrated clinical response 
utilizing either BMI categories or kilogram-only cutoffs: healthy 
weight (132/147; 89.8%), overweight (130/146; 89%), and obese 
(115/129; 89.1%) or <70 kg (87/97; 89.7%), 70–100 kg (260/294; 
88.4%), and >100 kg (38/40; 95%).

 Eravacycline-treated patients within the Obese category, that 
is, Obese Class  I, II, and III, demonstrated similar cure rates 
compared with their carbapenem-treated counterparts.

Safety

Overall, TEAEs occurred in 39.6% (206 of 520) of patients in 
the eravacycline group compared with 29.4% (152 of 517)  in 
the comparator group. The incidence of TEAEs and study drug 
discontinuation rates were stratified by BMI to elucidate any 
differences between weight groups (Table  2). Of the TEAEs 
that occurred in >2% of eravacycline-treated obese patients, a 

larger proportion were gastrointestinal-related; nausea (11.2%) 
and vomiting (5.6%) were recorded among eravacycline-
treated obese patients, while comparator obese patients expe-
rienced 2.1% and 3.4% incidence rates, respectively. Despite 
this, eravacycline discontinuation rates were low across healthy 
weight (2/172; 1.2%), overweight (2/180; 1.1%), and obese 
(4/161; 2.5%) patients and similar to the carbapenem com-
parator group (healthy weight 2/184 [1.1%], overweight 2/176 
[1.1%], and obese 6/145 [4.1%]).

Concordant with BMI analysis, gastrointestinal-related AEs 
occurred more frequently in eravacycline-treated patients 
weighing >100  kg (nausea: 9.3%; vomiting: 5.6%) compared 
with the carbapenem comparator group (nausea: 0%; vomiting: 
2.3%); drug discontinuation rates were 0% (eravacycline) and 
2.3% (carbapenems) in this patient weight category.

Of the severe TEAEs (n = 37), including life-threatening 
and fatal events reported among all obese patients, a lower 
percentage occurred in eravacycline-treated patients (7.5%; 
12/161) compared with comparator (17.2%; 25/145). There 
were 6 deaths among all obese patients (eravacycline group 
n = 1; carbapenem comparator group n = 5), none of which 
were determined to be treatment related.

DISCUSSION

With respect to antimicrobial drug development, regula-
tory agencies have guidelines for establishing dose-exposure-
response relationships in special populations and patients 
deviating from the average patient when applicable. These 
include pregnant women, children, and patients with renal 
or hepatic insufficiency, but no such guidance exists for in-
dividuals with extreme body weights [22, 27]. As a result, ef-
ficacy and safety data for numerous therapeutic agents are 
limited despite obese patients being frequently encountered 

Underweight
1.4%

Healthy weight
32.3%

Overweight
35.2%

Obese
31.1%

Healthy weight
34%

Overweight
33.7%

Obese
30.2%

Obese class I
22.5%

Obese class II
6.8%

Obese class III
0.9%

Obese class I
21.4%

Obese class II
8%

Obese class III
1.7%

Underweight
2.1%

Eravacycline groupA Carbapenem comparator groupB

Figure 1.  Patient distribution by weight category in the (A) eravacycline (n = 415) and (B) carbapenem comparator (n = 427) microbiological intent-to-treat population 
at baseline.
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in the health care system. The IGNITE1 and IGNITE4 clin-
ical trials were pivotal phase 3 studies that demonstrated the 
noninferiority of eravacycline compared with carbapenems for 
the treatment of cIAI and that subsequently resulted in drug ap-
proval [17, 18]. This post hoc analysis shows that eravacycline, 
which was dosed using a weight-based regimen, was effective 
and generally well tolerated, irrespective of BMI. There was no 
difference in clinical cure rates or drug discontinuation rates 
among eravacycline-treated obese patients compared with their 
carbapenem-treated counterparts.

Numerous pathophysiological changes occur in obese pa-
tients. Alterations in body composition as a result of accu-
mulating adipose tissue can affect cardiac output, volume of 
distribution, plasma volume, protein binding, and hepatic and 
renal clearance [1, 2, 28–31]. These in turn impact drug phar-
macokinetics, necessitating an examination of drug parameters 
or clinical outcomes in obese patients [32, 33]. Furthermore, 
for weight-based drugs, several indices for dose adjustment 
exist, such as actual (total), adjusted, ideal, or lean body weight, 
body surface area, and BMI [22, 34, 35]. However, consistent 
with its development (ie, PK-PD optimization) and evaluation 
in clinical trials as an agent dosed by actual body weight [9, 10], 
eravacycline in this present study demonstrates similar efficacy 
in obese patients compared with healthy weight patients. It is 
worth noting that while the heaviest patient in the eravacycline 
arm of the cIAI clinical trials was 137 kg (enrolled in IGNITE4), 
corresponding to an eravacycline dose of 137 mg q12h, there is 

no dose cap restriction, per product labeling [9, 10]. To facili-
tate administration of a variety of eravacycline doses to patients, 
preparation of infusion bags only requires making an infusion 
solution with a target eravacycline concentration (range) of 0.3 
(0.2–0.6) mg/mL [9, 10].

Eravacycline had an acceptable safety and tolerability pro-
file across BMI groups. Whereas gastrointestinal-related 
TEAEs tended to be more frequent in eravacycline-treated pa-
tients with higher BMIs, rates of drug discontinuation due to 
adverse events were low and similar to rates observed in the 
carbapenem-treated patients.

This study utilizes a pooled data set that is balanced in number 
of patients and baseline characteristics across treatment groups; 
however, as a post hoc analysis, this study was not designed or 
powered to assess for statistical significance between BMI sub-
groups. Nonetheless, with more than one-third of the US pop-
ulation being classified as obese (BMI ≥30  kg/m2), this study 
serves to address a knowledge gap with eravacycline dosing in 
an increasingly prevalent and challenging patient population. 
Consistent with previously published phase 3 trials and real-
world data [17, 18, 36], this post hoc analysis demonstrates the 
therapeutic utility and acceptable safety profile of eravacycline 
in cIAI patients with BMI ≥30 kg/m2.
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