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Background: Experience in real clinical practice with ceftazidime/avibactam is limited, and there are even fewer
data oninfections due to OXA-48-producing Enterobacteriaceae.

Methods: We designed an observational study of a prospectively collected cohort of adult patients receiving cef-
tazidime/avibactam in our centre. Only the first treatment course of each patient was analysed. Efficacy and
safety were evaluated as 14 and 30 day mortality, recurrence rate at 90 days, resistance development and oc-
currence of adverse effects.

Results: Fifty-seven patients were treated with ceftazidime/avibactam. The median age was 64 years (range
26-86), 77% were male and the median Charlson index was 3. The most frequent sources of infection were
intra-abdominal (28%), followed by respiratory (26%) and urinary (25%). Thirty-one (54%) patients had a severe
infection (defined as presence of sepsis or septic shock). Most patients received ceftazidime/avibactam as
monotherapy (81%) and the median duration of treatment was 13 days. Mortality at 14 days was 14%. In multi-
variate analysis, the only mortality risk factor was INCREMENT-CPE score >7 (HR 11.7, 95% CI 4.2-20.6). There
was no association between mortality and monotherapy with ceftazidime/avibactam. The recurrence rate at
90 days was 10%. Ceftazidime/avibactam resistance was not detected in any case and only two patients devel-
oped adverse events related to treatment.

Conclusions: Ceftazidime/avibactam shows promising results, even in monotherapy, for the treatment of
patients with severe infections due to OXA-48-producing Enterobacteriaceae and limited therapeutic options.
The emergence of resistance to ceftazidime/avibactam was not observed.

Introduction

In recent years there has been an increase in the incidence of
infections caused by multiresistant microorganisms, mainly ESBL-
and carbapenemase-producing organisms. These have become a
serious public health and clinical problem, leading to higher mor-
tality and poorer prognosis in patients infected with these microor-
ganisms.? The development of new drugs is one of the main
strategies to fight against infections due to these microorganisms.

Ceftazidime is a widely known third-generation cephalosporin
active against Enterobacteriaceae and Pseudomonas spp. and is
used in the hospital environment in combination with avibactam,

a new synthetic inhibitor of B-lactamases with potent activity
against class A (including ESBLs and KPC-type carbapenemases),
class C and some class D B-lactamases (including OXA-48).°
Ceftazidime/avibactam is not active against MBLs such as NDM,
IMPand VIM.>*

Some results obtained from in vitro studies showed high activity
of ceftazidime/avibactam against Enterobacteriaceae and
Pseudomonas aeruginosa. According to data reported by
Castanheira et al.,” the susceptibility of Enterobacteriaceae to cef-
tazidime/avibactam was 99.9% among 20000 clinical isolates,
and only 3 of 120 KPC-type carbapenemase-producing strains
showed resistance to ceftazidime/avibactam. In another in vitro
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study, by Sader et al.,® 67% of 393 strains of meropenem-resistant
P. aeruginosa were susceptible to ceftazidime/avibactam (most of
the non-susceptible isolates were MBL producers).

Phase III randomized clinical trials have evaluated the efficacy
of ceftazidime/avibactam in the treatment of complicated urinary
tract infections,”® intra-abdominal infections® and nosocomial
pneumonia.’® Most of the available data on the effectiveness and
safety of ceftazidime/avibactam in real clinical practice is obtained
from observational studies and the information available is still
limited. In addition, scarce information exists regarding the effect-
iveness of ceftazidime/avibactam monotherapy in high-risk
patients, and the recently reported development of resistance dur-
ing treatment is a further concern.** 3

The aim of our study was to analyse the effectiveness and
safety of ceftazidime/avibactam for the treatment of infections
due to carbapenemase-producing Enterobacteriaceae (CPE) in a
cohort of patients treated in our centre during an epidemic out-
break of OXA-48-producing Klebsiella pneumoniae.

Methods

This was an observational study in which we retrospectively analysed the
database of our Infectious Diseases Unit, the data having been collected in
real time. This database includes all patients with CPE infections since the
start of the outbreak situation in our institution. All patients treated with
ceftazidime/avibactam (for at least 48h) for any infection produced by
OXA-48-producing CPE between 1 April 2016 and 31 December 2017 were
included.

From the end of 2015, our hospital experienced an outbreak of infec-
tions due to OXA-48-type carbapenemase-producing K. pneumoniae.
Starting on 1 April 2016, ceftazidime/avibactam was available in our centre
for the treatment of patients with CPE infections that met one of these cri-
teria: (i) poor clinical course with adequate antibiotic treatment (all patients
with this criterion were initially treated with a combination therapy of dou-
ble-dose extended-infusion carbapenem and colistin); (i) contraindication
or impossibility of use owing to unacceptable risk of toxicity associated with
the use of other appropriate antibiotic options (for example, in patients with
impaired renal function in which the initiation of colistin treatment posed a
risk of increased nephrotoxicity); and (iii) toxicity of previous antibiotic treat-
ment (e.g. neurotoxicity caused by carbapenem treatment or acute tubular
necrosis due to colistin treatment).

Every patient was evaluated by a member of the Infectious Diseases
Unit at the beginning of treatment and/or during the follow-up. Infections
were defined according to the CDC criteria.’ In patients who had had more
than one episode treated with ceftazidime/avibactam only the first one
was analysed.

Variables and definitions

The main outcome variable was 14 day all-cause mortality. Secondary out-
comes were 30day all-cause mortality, clinical cure and microbiological
cure. The main safety outcomes were occurrence of adverse events and/or
development of resistance during or after treatment. The main exposure of
interest was antibiotic therapy with ceftazidime/avibactam either as mono-
therapy orin combination treatment.

Collected data included demographic characteristics, chronic underly-
ing conditions, infection characteristics (severity, onset of infection, source
of infection) and treatment characteristics (combination therapy, previous-
ly administered treatment, delay in initiation of ceftazidime/avibactam).
The Charlson comorbidity index was determined at admission.'® Source
control was considered adequate if it was performed within 1 week of the
diagnosis of infection (surgical procedures to drain an abscess or to treat an

obstructive focus at any site, including urinary tract, biliary tract and surgical
site, among others). Patients were classified as having sepsis or septic shock
as described elsewhere in the Sepsis-3 consensus.'® Moreover, the
INCREMENT-CPE mortality score was calculated for every patient (regard-
less of whether or not they had documented bloodstream infection) using
the model elaborated by Gutiérrez-Gutiérrez et al.'’

A standard dosage was defined as 2.5g (2000mg ceftazidime and
500 mg avibactam) intravenously (iv) every 8 h, with adjustments for renal
impairment made according to manufacturer recommendations.®
Combination therapy was defined as the addition (iv or inhaled) of other
antimicrobials with in vitro activity against the clinical isolate. Concomitant
treatment with metronidazole (when, according to clinical criteria, cover-
age against anaerobes was required) was not considered as combination
therapy. In each case, combination treatment, as well as the selection of a
second agent, was started following consultation with the Infectious
Diseases (ID) physician. In all cases susceptibility to the second antibiotic
was confirmed before its initiation.

Clinical cure was defined as resolution of signs and symptoms of infec-
tion (assessed according to vital signs, the course of the SOFA score and
laboratory data) within 7 days of treatment initiation. Microbiological failure
was defined as isolation of CPE from a sample obtained from the same
source of infection and/or blood cultures following >7 days of ceftazidime/
avibactam treatment initiation. Microbiological cure was defined as steril-
ization of site-specific cultures and/or blood cultures after treatment ending
and/or within 7 days after treatment initiation. Infection-related mortality
was determined by one ID physician of the Infectious Diseases Unit. All
cases were discussed in clinical session with the full team before treatment
initiation. Recurrence within 90 days of onset was defined as microbiologic-
al failure and concomitant signs of infection.

Microbiological methods

All Enterobacteriaceae isolates in blood cultures or in other clinical samples
were processed in the Laboratory of Microbiology of the Complejo
Hospitalario Universitario de Vigo according to the current standardized
procedures. Antibiotic susceptibility was determined by the VITEK2
(BioMérieux, France) automatic method. For the confirmation of ESBLs, a
phenotypic method with a double Etest strip and/or a modified double disc
was used.

The detection of carbapenemases was carried out following the EUCAST
protocol: meropenem disc diameter <25mm or MIC >0.12mg/L in all
Enterobacteriaceae. Confirmation was carried out with chromID medium
CARBA SMART (BioMérieux) and the type of carbapenemase was deter-
mined by PCR (Cepheid Xpert Carba-R). There was no change in the method
used for the identification of microorganisms or analysis of antibiotic sus-
ceptibility during the study period.

Susceptibility of bacteria to ceftazidime/avibactam was determined by
the disc diffusion method as described elsewhere.’® A disc diffusion zone
diameter of >21mm was interpreted as susceptible (equivalent to
MIC <8/4 mg/L for ceftazidime/avibactam).

Statistical analysis

The statistical package SPSS v24.0 (SPSS, Chicago, IL, USA) was used for
data analysis. Continuous variables were compared using Student’s t-test
or the Mann-Whitney U-test and were described as mean + SD or as me-
dian (IQR) according to whether the distribution of the variables was nor-
mal or non-normal. The y? test and Fisher's exact test were used to
compare categorical variables.

Univariate analysis of factors potentially associated with 14 day mortal-
ity were analysed by Cox regression. Variables with a P value <0.20 in uni-
variate analysis and those with potential clinical relevance were included in
the Cox multivariate regression model and selected using a backwards pro-
cess. Variables with a two-sided P value <0.05 were considered statistically
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Table 1. Demographic and clinical characteristics of patients treated
with ceftazidime/avibactam

Table 2. Antimicrobial susceptibility of isolates (n=57) from patients
treated with ceftazidime/avibactam

Variable Value Antibiotic Susceptible isolates, n (%)
Total number of patients 57 Colistin 43 (75)
Demographic characteristics Imipenem 2(3)
age, years, median (range) 64 (26-86) Imipenem MIC <8 mg/L 27 (47)
sex male, n (%) 44 (77) Meropenem 1(2)
Charlson index, median (IQR) 3(0-13) Fosfomycin 10(17)
neoplasia, n (%) 14 (24) Tigecycline 7(12)
chronic renal disease, n (%) 12 (21) Amikacin 3(5)
creatinine clearance <30 mL/min, n (%) 7(12) Ceftazidime/avibactam 57 (100)
surgery in the previous month, n (%) 33(58)
Location at onset of infection
ICU/reanimation unit, n (%) 22 (38)
i 0
An?g%;?ﬁjgfggir;te’fr;r(e/oc)AZ/AVI _1)(13 gg; in Table 1. The median age was 64 years (.ronge.26—8.6) and 77%
carbapenems, n (%) 35 (61) (44/5'7). were mole. All potlenps (38/57 prior tq infection and the
quinolones, n (%) 22 (38) remaining patients oftgr the <j_|ogn95|s of |nfec_t|or_1 due to CPE was
cephalosporins, n (%) 27 (47) made) had confirmation of intestinal golomonon by CPE, per-
colistin, n (%) 29 (51) formed through rectal ;wobs occordlng to a local protocol
Source of infection endorseq by the Prevention and Infection Control Department.
intra-abdorminal, n (%) 16 (28) Thg mgdlon INCREMENT-CPE score was 6, and the score was >7
pulmonary, n (%) 15 (26) pointsin QO% (23/57) of cases. In 86% (49/57) of patients |rjfect|on
ventilator-associated, n (%) 7(12) was hosp|tol'och|red. The most frequent source of infection was
urinary, n (%) 14 (25) |ntr0—0bdom|pol (2?3% of cases, 1_6/57), f_ollowed by‘pulmonory
Bacteraernia, n (%) 26 (46) (260/9, 15/57, |n.clud|ng 7 patients with ventllotor—ossoqoted pneu-
abdominal source, n (%) 8 (14) momc).ond urinary source (.25%, 1.4/57)-. Bocterogmlo was con-
urinary source, n (%) 5(9) ﬂr.med in 4§°{o (26/5.7) of potlents. Six potle.nts.rec.elved treotmept
pulmonary source, n (%) 5(9) with ceftoz.|d|me./owchtom for infrequent |nd|.cot.|o.ns [;evere skin
catheter-related, n (%) 6 (10) and 'soft tissue infection (SSTI) (n = 3), ventrlcul|t|s'W|th bacter-
other source, n (%) 6 (10) aemia (rj f.l)’ sternal osteomyelitis with bacteraemia (n= 1) and
Severity of infection medl05t|n|t|§ (n= 1)]" - .
sepsis/septic shock, n (%) 31 (54) Most patients recelv.ed ceftomdme/owboctcm as monotherapy
vasopressor use, n (%) 20 (35) (81%,.46/57). Ren.ol. odJust.ment dose was required in 35% (20{57)
mechanical ventilation, n (%) 17 30) of patients. Cgftomdme/owboctom was started begouge of previous
median APACHE-II (IQR) 24 (8-45)  Lreatment fmlure (all ofthem hoq regelved a combination of cohspn
INCREMENT-CPE score, median (IQR) 6(2-13) plus imipenem in extended infusion) in 51% of cases (29/57), owing

CAZ/AVI, ceftazidime/avibactam.

significant. Moreover, a propensity score for receiving combination therapy
was calculated using a multivariate logistic regression model in which the
outcome variable was combination therapy. The following variables were
introduced into the model: age, sex, Charlson index, inclusion criteria for
receiving ceftazidime/avibactam, INCREMENT-CPE score, source of infec-
tion, source control, septic shock at onset and APACHE-II score.

Ethics

The study was approved by the local ethics committee (2017/336), which
waived the need to obtain written informed consent and allowed us to use
the information (previously collected) from our database. STROBE recom-
mendations were followed.

Results

A total of 57 patients were included during the study period.
Clinical and demographic characteristics of the patients are shown

to absence of adequate treatment options in 42% (24/57) and tox-
icity of previous antibiotic treatment in the remaining 4 patients
(7%). In most of them (53/57, 93%) ceftazidime/avibactam was ini-
tiated once in vitro susceptibility was confirmed, and was empirically
started in four cases. The median time (IQR) from the onset of infec-
tion until the start of ceftazidime/avibactam was 5 days (0-13).

According to the microbiological profile, isolates were OXA-48-
producing K. pneumoniae in 54 cases, Escherichia coli in 2 cases
and Enterobacter cloacae in 1 case. Antimicrobial susceptibility of
isolates is shown in Table 2. No isolate was susceptible to quino-
lones or cephalosporins.

Combination treatment was used in 11 patients (with iv colistin
in 5, inhaled colistin in 2, tigecycline in 2 and amikacin and imipen-
emin 1 case each). Patients were treated with a second agent for
a median of 13 days (IQR 5-15). Table 3 shows a comparison of
demographic, clinical and treatment characteristics of patients
receiving monotherapy versus combination treatment.

The median follow-up (IQR) of patients was 153 days (18-285).
Clinical and microbiological cure were achieved in 77% and 65% of
patients, respectively and microbiological failure was observed in
10% of cases. All-cause mortality rates assessed at 14 and 30 days
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Table 3. Comparison of patients receiving monotherapy versus combination treatment with ceftazidime/avibactam

Variable Monotherapy (n = 46) Combination (n =11) Pvalue
Age, years median (IQR) 69 (30-82) 58 (33-78) 0.21
Male sex, n (%) 35(76) 9 (82) 0.68
Charlson index >2, n (%) 27 (59) 6 (55) 0.80
Hospital-acquired, n (%) 39 (85) 10 (91) 0.59
INCREMENT-CPE score >7, n (%) 19 (41) 4 (36) 0.76
Vasopressor use, n (%) 16 (35) 4 (36) 0.42
APACHE-II score, median (IQR) 20 (8-40) 23 (9-45) 0.13
CAZ/AVI started owing to previous treatment failure, n (%) 22 (48) 7 (64) 0.34
Source of infection, n (%)

pulmonary 9 (20) 6 (54) 0.02

urinary 13 (28) 1(9) 0.18

intra-abdominal 10 (22) 4 (36) 0.31
Source control procedure, n (%) 7 (15) 2(18) 0.18
Time to start of treatment with CAZ/AVI, days, median (IQR) 2 (0-15) 4(2-17) 0.11
14 day mortality, n (%) 7(15) 1(9) 0.42
30 day mortality, n (%) 10(22) 3(27) 0.69
90 day recurrence, n (%) 4 (9) 2(18) 0.35
Clinical cure, n (%) 37 (80) 7 (64) 0.44
Microbiological cure, n (%) 31(67) 6 (54) 0.58

CAZ/AVI, ceftazidime/avibactam.

were 14% and 22%, respectively. Infection-attributed 30 day mor-
tality was 14% (n = 8), comprising three cases with pulmonary in-
fection, two cases with urinary and intra-abdominal infection and
one patient with a complicated SSTI. To identify predictors of treat-
ment outcome, univariate and multivariate analyses by Cox re-
gression of 14 day all-cause mortality risk factors were performed
after adjusting by propensity score for receiving combination ther-
apy, including the variables mentioned in the Statistical analysis
section (Table 4). The only factor related to 14 day mortality was
an INCREMENT-CPE score >7 (HR 11.7, 95% CI 4.2-20.6,
P=0.001).

In the subgroup of patients with intra-abdominal infection,
which was the leading cause of infection (n=17), an adequate
source control was necessary (owing to the presence of deep-
seated infections such as intra-abdominal or pelvic abscesses) in
53% (9/17) and it was achieved in all of them (including two
patients who died: one case of severe necrotizing pancreatitis
which was percutaneously drained and one case of colon perfor-
ation that required multiple surgical interventions). In this sub-
group of patients, combination treatment (in addition to
metronidazole) was used in only two patients and both patients
died (on days 18 and 28 after diagnosis).

Recurrence of infection (evaluated at day 90) was observed in
six patients (10%) with a median time of 41 days (IQR 9-71) from
the end of treatment. These patients had been initially treated for a
median of 13days (IQR 10-16). All strains isolated at recurrence
were confirmed to be OXA-48 producers, with no increase in cef-
tazidime/avibactam MIC compared with the original isolates. These
patients were retreated with ceftazidime/avibactam monotherapy
and all but one patient were clinically and microbiologically cured.
The remaining patient, who had a complicated sternal osteomye-
litis, achieved clinical and microbiological cure following a third
course of ceftazidime/avibactam monotherapy. Furthermore,

development of resistance to ceftazidime/avibactam was not
detected in any patient during the whole follow-up period.

In regard to treatment safety, two patients developed acute
kidney injury during ceftazidime/avibactam treatment (one of
them on concomitant iv colistin) but discontinuation owing to side
effects was required in no patient. In another two patients, a de-
crease in the level of consciousness (n = 1) and status epilepticus
(n=1) was observed a few days after the treatment had begun;
however, this was related to the critical situation of the patient and
the treatment was maintained with resolution of the neurological
symptoms, which is why we believe that its association with cef-
tazidime/avibactam is unlikely. No other adverse effects related to
ceftazidime/avibactam were observed.

Discussion

To our knowledge, this is one of the largest cohorts of patients with
infections due to CPE treated with ceftazidime/avibactam. It is worth
mentioning that in our study all patients were infected with OXA-48-
type-producing Enterobacteriaceae, a type of microorganism very
little represented in CPE clinical studies published until now.

In our cohort, the all-cause mortality rate (14% at 14 days and
22% at 30days) was slightly lower than in previously reported
studies with ceftazidime/avibactam in real clinical practice, which
ranged from 24% to 39.5%."*"! Nevertheless, mortality in these
studies was reported heterogeneously (30 day mortality, in-hos-
pital mortality, or mortality related or not related to infection). In
addition, the predominant carbapenemase type in previous stud-
ies was KPC (ranging from 57% to 78%).*"** Furthermore, al-
though the demographic profile of patients was similar to that in
our series, it should be noted that in Shields et al.'* both infection
severity (median APACHE-II score 34) and the number of trans-
plant recipients (30%) were notably higher.
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Table 4. Comparison of patients with and without all-cause 14 day mortality and multivariate Cox regression analysis of 14 day mortality risk factors

with adjustment for propensity score for receiving combination therapy

Univariate Multivariate

Variable died (n =8) survived (n = 49) Pvalue HR (95% CI) Pvalue
Age in years, median (IQR) 7 (50-82) 63 (28-79) 0.06 0.39
Male sex, n (%) 6 (75) 38(77) 0.87 1.22(0.5-2.8)
Charlson index >2, n (%) 5(62) 28 (57) 0.77 1.62 (0.4-2.3) 0.43
INCREMENT-CPE score >7, n (%) 8 (100) 15(31) 0.001 11.70 (4.2-20.6) 0.001
Bacteraemia, n (%) 4 (50) 22 (45) 0.65 1.17 (0.3-5.6) 0.81
APACHE score >20, n (%) 3(37) 14 (28) 0.39 1.93 (0.3-4.0) 0.64
Previous treatment failure, n (%) 5(62) 24 (49) 0.48 1.82 (0.5-6.4) 0.34
Monotherapy, n (%) 7(87) 39(79) 0.42 1.72 (0.5-4.2) 0.55
Delay in CAZ/AVI start, days, median (IQR) 6(1-13) 5(1-11) 0.30 1.22(0.2-3.3) 0.66
Source of infection, n (%)

urinary 3(37) 11 (22) 0.35 1.22 (0.2-3.1) 0.91

pulmonary 1(12) 14 (28) 0.34 0.79 (0.2-2.5) 0.34

intra-abdominal 1(12 13 (26) 0.39 0.68 (0.4-3.1) 0.45

P values <0.05 are shown in bold.

In our cohort, using a Cox regression model, and adjusting for
the propensity score for receiving combination treatment, an
INCREMENT-CPE score >7 points was the only independent pre-
dictor of 14-day mortality. Although in Gutiérrez-Gutiérrez et al.'’
this score had been validated only in patients with bloodstream
infections, our results shows that it can also be a good predictor of
mortality in other types of CPE infection.

Recently, van Duin et al.?° published a prospective cohort study
of patients infected with carbapenemase-resistant Enterobacter-
iaceae (96% of them with KPC-producing K. pneumoniae infec-
tions) who received first-line treatment with ceftazidime/
avibactam or colistin. In the group of patients treated with ceftazi-
dime/avibactam, a very low 30day mortality rate was observed
(8%). Among the possible explanations for this finding, the cohort
of van Duin et al. included younger patients (median age 57 versus
64 years), with fewer comorbidities (median Charlson index 2 ver-
sus 3) and a lower proportion of severe infections (18% versus
53%). In addition, ceftazidime/avibactam was started in most of
our patients owing to failure of previous regimens or the absence
of any other effective alternative.

In our series, the most frequent source of infection was intra-
abdominal, followed by pneumonia and urinary tract infection.
This contrasts with previous studies®!#2% in which a respiratory
source was the most frequent (in the study of van Duin et al.*® no
cases of intra-abdominal infection were reported). The percentage
of patients with bacteraemia in our series (45%) was consistent
with previously reported data, ranging from 39%° to 68%."% It is
worth noting that in our series six patients received treatment for
infections for which ceftazidime/avibactam has not been eval-
uated (sternal osteomyelitis, mediastinitis and SSTI) with clinical
curein all of them, except one case with severe SSTI.

One of the most concerning issues observed in the study by
Shields et al."* was the rate of recurrence (17%) and especially
the appearance of ceftazidime/avibactam resistance in 10%
(8/77) of patients who had been treated for a median of 15days

(range 7-31). In our series, the recurrence rate was lower (10%)
and no cases of resistance were observed during or after treat-
ment. In our six cases with infection recurrence, all were eventually
cured following retreatment with ceftazidime/avibactam. Indeed,
no resistant CPE strains have been isolated in our centre so far. This
finding may be explained by the type of carbapenemase (OXA-48)
prevalent in our institution. In agreement, resistance development
during treatment was previously reported only in KPC-3'%132! and
KPC-22? strains.

The vast majority of patients in our series were treated with
monotherapy (81%). In previous studies the percentages of com-
bination treatment are disparate, ranging from 35% to
69%.'#1329 In the INCREMENT cohort, combination therapy using
a carbapenem showed a benefit for the treatment of patients with
high mortality risk. However, no patient was treated with ceftazi-
dime/avibactam.??

In our study, monotherapy was not associated with higher
14 day mortality in multivariate analysis (with propensity score
analysis including variables such as infection severity, source of in-
fection and delay in targeted treatment initiation). However, the
low number of patients receiving combination therapy (n=11)
prevents us from drawing further conclusions with regard to the
benefit of combination therapy, mainly for patients at higher risk
of mortality, with an INCREMENT-CPE score >7. Nevertheless, our
experience with ceftazidime/avibactam monotherapy shows that
clinical results are similar to those published with combination
treatment.

Another notable feature in our study was the low number of
observed adverse events during treatment. Two patients devel-
oped acute renal failure, but it was not necessary to interrupt treat-
ment in either of them. In the paper by Temkin et al.*? seizures and
disorientation were also described, although their relationship with
the use of ceftazidime/avibactam was not clear.

Our work has several limitations. The first is that most patients
received ceftazidime/avibactam as rescue therapy, so our results
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may not be generalizable to the entire population suitable for
receiving treatment with it. On the other hand, as most of patients
included in our series with severe infections are underrepresented
in clinical trials, our results might offer greater evidence for the use
of ceftazidime/avibactam in real clinical practice. An additional
limitation includes the observational nature of this study. Although
all the patients were prospectively evaluated by a member of our
Infectious Diseases Unit, confounding by indication is a potential
bias that we cannot exclude (many patients did not receive treat-
ment with ceftazidime/avibactam because it was considered that
they had a very poor prognosis in the short term or a very
poor baseline quality of life). Moreover, our cohort includes only
OXA-48-type isolates, so the results may not be extrapolated to
another type of CPE.

In summary, our study included the largest cohort of patients
with invasive OXA-48 CPE infections treated with ceftazidime/avi-
bactam. Our study shows promising results for patients with lim-
ited therapeutic options. Although the sample size is limited, we
have not observed the appearance of resistance during or after
treatment with ceftazidime/avibactam.
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