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Eravacycline (ERV) was used in 35 patients for various infec-
tions. The most common pathogen was Klebsiella pneumoniae, 
and 30-day survival was 74%. Absence of 30-day recurrence 
and resolution of signs and symptoms of infection were 91% 
and 57%, respectively. ERV was well-tolerated, with adverse 
events leading to drug discontinuation in one patient.

Keywords.   eravacycline; multidrug-resistant Enterobac
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The Centers for Disease Control and Prevention (CDC) re-
leased their 2019 report maintaining carbapenem-resistant 
Enterobacteriaceae (CRE) and Acinetobacter baumannii as 
urgent threats, requiring aggressive action to improve treat-
ment [1]. Eravacycline (ERV) is a novel fluorocycline of the 
tetracycline (TET) class approved by the Food and Drug 
Administration (FDA) in August 2018 for treatment of com-
plicated intra-abdominal infections (cIAIs) following the 
IGNITE1 and IGNITE4 trials [2–4]. ERV has demonstrated po-
tent in vitro activity against most gram-positive and gram-neg-
ative pathogens, including CRE and A. baumannii. Eravacycline 
was generally well tolerated in phase 3 trials, with gastroin-
testinal (GI) disturbances being the most common adverse 
events (AEs) [4]. Because of its potential role in patients with 
multidrug-resistant (MDR) organisms, allergies to ß-lactams, 
and/or if Clostridioides difficile infection (CDI) is present or of 

concern, we aimed to explore the clinical and safety outcomes 
among patients treated with ERV in the real-world setting [5].

METHODS

Our study was a multicenter, retrospective observational 
study conducted at 5 geographically distinct medical centers 
in the United States between December 2018 and October 
2019. Inclusion criteria were age ≥18  years and ≥72 hours 
of treatment with ERV for any infection. Primary outcome 
was 30-day survival. Secondary outcomes included absence 
of 30-day recurrence and resolution of signs and symptoms 
while on ERV. Outcomes were measured from the first dose of 
ERV. Nosocomial infections were defined as those with posi-
tive index cultures ≥48 hours after hospital admission [6]. 
Combination therapy was defined as receiving any concom-
itant antimicrobial for ERV-targeted infection for ≥48 hours. 
CRE was defined by CDC criteria [7]. The FDA or Clinical 
and Laboratory Standards Institute breakpoints were applied 
for minimum inhibitory concentration (MIC) interpretation, 
whereas severity of illness was estimated using the Charlson 
Comorbidity Index (CCI) and Acute Physiology and Chronic 
Health Evaluation Score (APACHE II) [8]. The Fisher exact test 
and Mann-Whitney U test were used to compare nominal and 
continuous variables, respectively. IBM SPSS software, version 
25.0 (SPSS, Inc., Chicago, IL, USA), was used for all statistical 
analyses.

RESULTS

Overall, 35 patients were included in our analysis. The me-
dian (interquartile range [IQR]) age was 56 (48–67) years, and 
63% (22/35) were male. The median (IQR) APACHE II score 
and CCI were 16 (11–21) and 3 (2–7), respectively. Common 
comorbidities were diabetes (31%,11/35), followed by moderate 
to severe chronic kidney disease (29%, 10/35) and having any 
immunocompromised condition (29%, 10/35). Nosocomial 
infections comprised (26%, 9/35) of all infections. All patients 
were admitted to the intensive care unit at least once during 
their admission. Median (IQR) length of hospital stay was 44 
(25–65) days. The majority (89%, 31/35) of patients had ≥1 
risk factor for MDR organisms (n = 31; 68% [21/31] received 
antimicrobials for ≥24 hours, 61% [19/31] were hospitalized for 
≥48 hours, 26% [8/31] underwent surgery in the past 30 days, 
and 26% [8/31] had a prior infection with a resistant organism). 
Common sources of infection were intra-abdominal (34%, 
12/35), followed by respiratory tract (29%, 10/35), bone/joint 
(14%, 5/35), and skin/soft tissue (9%, 3/35). Positive blood 
cultures comprised 34% (12/35) of all index cultures, with the 
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main source being intra-abdominal (42%, 5/12). Ultimately, all 
patients with positive blood cultures achieved clearance (100%, 
12/12); however, 58% (7/12) cleared before ERV initiation.

The total number of isolated pathogens was 49, and in 26% 
(9/35) of patients, ERV was used for more than 1 pathogen. The 
most common pathogens were Klebisella pneumoniae (8/49), 
Enterococcus faecium (7/49), Acinetobacter baumannii (7/49), 
Escherichia coli (6/49), Enterococcus faecalis (4/49), Enterobacter 
cloacae (4/49), Mycobacterium spp. (3/49), Klebsiella oxytoca 
(2/49), Proteus mirabilis (2/49), Stenotrophomonas maltophilia 
(2/49), Enterobacter aerogenes (1/49), Bacteroides fragilis (1/49), 
Clostridioides difficile (1/49), and other non–Clostridium 
perfingens clostridia (1/49). Eight patients had CRE, with the 
most common pathogens being K.  pneumoniae (4/8), E.  clo-
acae (2/8), E. coli (1/8), and K. oxytoca (1/8). Among the tested 
K. pneumoniae (n = 2), the MIC for meropenem was ≥8 mg/L. 
Similarly, the ertapenem MIC was ≥2  mg/L for E.  cloacae 
(n = 2). Carbapenem MICs for the remaining isolates were not 
reported.

Antibiotics with in vitro activity to index culture were ad-
ministered to 66% (23/35) of subjects before ERV initiation, 
with some consuming >1 agent. The most common agents 
were meropenem (17%), ceftazidime/avibactam (12%), and 
piperacillin-tazobactam (10%). The FDA-approved dose of 
1 mg/kg Q12 was administered to all patients except 1, who was 
on primidone, a CYP inducer, who therefore received a dose 
of 1.5  mg/kg Q12. Combination therapy was administered in 
51% (18/35) of patients, with some consuming >1 agent. The 
most common agents were cefepime (13%), meropenem (13%), 
and polymyxin B (13%). Two patients received inhaled anti-
biotics; 1 received tobramycin and colistin, and the other re-
ceived amikacin.

Among patients with previous positive cultures, ERV was ini-
tiated within a median (IQR) of 166 (99–412) hours of index 
cultures. Only 11% (4/35) of ERV initiation was within 72 hours 
of positive cultures, respectively. Overall, the median ERV du-
ration was 9 (4–18) days. Notably, 97% (34/35) of patients had 
an infectious diseases consult. Fifty-four percent (19/35) of pa-
tients had a surgery consult; of these, 68% (13/19) underwent 
source control.

The most common reasons to select ERV were consolidation 
of the regimen (43%, 15/35), double coverage for suspected CRE 
infection (17%, 6/35), MDR A. baumannii (6%, 2/35), and lack 
of orally access (6%, 2/35). Other noteworthy reasons include 
ceftazidime-avibactam-related rash (3%, 1/35), tigecycline-
related AE (3%, 1/35), recurrent infection with tigecycline (3%, 
1/35), and a history of CDI (3%, 1/35).

Seventy-four percent (26/35) of patients had 30-day sur-
vival. Absence of 30-day recurrence occurred in 91% (32/35) of 
cases, and 57% (20/35) had resolved their signs and symptoms 
of infection. Eighty-eight percent (7/8) of subjects who were in-
fected with CRE achieved 30-day survival. Details for patients 

who did not achieve 30-day survival are in Table  1. Notably, 
median APACHE II scores were significantly higher in patients 
with 30-day mortality compared with those who experienced 
30-day survival: 21 vs 15, respectively (P  <  .024). There were 
no other remarkable differences in any of the patients’ baseline 
criteria, such as age, infection type, and combination therapy.

Most cases continued on ERV until completion of their par-
enteral therapy (74%, 26/35). If therapy was switched, common 
agents included cefepime (2/9) and meropenem (2/9). Among 
those who switched, only 3/9 switched due to worsening signs/
symptoms. Ultimately, 7/35 switched to an oral regimen, prima-
rily a fluoroquinolone agent (2/7).

There were 7 probable ERV-AEs in 14% (5/35) of patients. 
The AEs observed were GI-related (57%), nephrotoxicity, al-
tered mental status, and rash (14%). Overall, only 1 case of ERV 
GI AE led to drug discontinuation.

DISCUSSION

The results of our cohort demonstrate that the majority of ERV-
treated patients achieved 30-day survival and absence of 30-day 
recurrence. Although the majority of patients had risk factors 
for clinical failure (ie, high index illness severity, immunocom-
promised states, and high bacterial burden infection sources), 
ERV had favorable outcomes in survival and protection from 
recurrence and resolution of signs and symptoms. In our study, 
67% (8/12) of patients with positive blood cultures survived. 
Recent data show that ERV demonstrates similar eradication 
rates in bacteremic patients as comparators [9]. Survival ben-
efit in this population is of high interest, particularly in com-
parison to tigecycline (TIG) [10]. Because TIG demonstrates 
lower serum drug concentrations due to higher volume of dis-
tribution when compared with ERV, it would be of interest to 
demonstrate if this translates to ERV being better suited for 
bacteremia [11]. Over half of subjects in our cohort had a sur-
gery consult, and 37% (13/35) achieved adequate source con-
trol. Notwithstanding the benefit of ERV on patients’ outcomes, 
these results cannot yet be corroborated independent of source 
control.

Tetracycline antibiotics are associated with frequent GI-AEs. 
The proportion of patients experiencing a probable ERV GI-AE 
in our cohort (14%) was comparable to that observed in the 
IGNITE1 and IGNITE4 trials [2, 3]. This is remarkably lower 
than the rates observed with its historical comparator TIG, 
which were as high as 24% for nausea alone [12]. Interestingly, 
failure/intolerance to TIG was the primary reason for ERV se-
lection in 2 study subjects. With only 1 AE case leading to drug 
discontinuation, it appears that ERV is at least better tolerated 
than TIG.

In our study, ERV was used primarily for regimen consolida-
tion. This was somewhat anticipated due to its wide spectrum 
of activity, which covers most gram-negatives including CRE 
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and A. baumannii and gram-positives including vancomycin-
resistant enterococci and anaerobes. If the drug continues to 
perform efficiently in the real-world setting, it may be a valu-
able tool for antimicrobial stewardship, particularly as a fluor-
oquinolone- and carbapenem-sparing agent. Notably, ERV was 
selected due to ß-lactam allergies, CDI history, and tigecycline 
failure or intolerance. These circumstances are certainly evi-
dence of the potential place in therapy that ERV has among its 
historical competitors.

Our study has several limitations. First, the small sample size 
challenges the external validity of the study. Second, therapy 
success, particularly in cIAIs, is complex and highly dependent 
on achieving timely, proper source control, appropriate in vitro 
active antibiotics, and effective standardized preoperative care 
practices. Therefore, it is challenging to attribute clinical success 
to the antibiotic selected alone. Finally, survival is a multifacto-
rial outcome that was challenging to assess given the diversity 
observed in our patients’ baseline pathogens, patient character-
istics, and numerous ERV infection sources.

We present the largest early real-world multicenter experi-
ence evaluating ERV use in various infections across geographi-
cally distinct medical centers in the United States. Additionally, 
the majority of infectious sources in our cohort were beyond the 
FDA-approved indication of cIAIs. Larger real-world studies 
are essential to further confirm our early clinical findings.
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