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Ceftazidime-Avibactam: Real-World Experience

ABSTRACT

Objective: Multidrug-resistant Gram-negative bacteria cause difficult-to-treat infections
associated with high mortality. Carbapenems are widely used; however, their overuse has
led to the emergence of carbapenem-resistant bacteria. This study aimed to evaluate the
indications, clinical and microbiological efficacy, and side effects of ceftazidime-avibactam
(CAZ-AVI) and to identify factors influencing mortality, based on data from a large multi-
center patient cohort in Tirkiye.

Materials and Methods: Patients with carbapenem-resistant but CAZ-AVI-susceptible
Gram-negative bacterial infections who received CAZ-AVI treatment were retrospectively
reviewed.

Results: A total of 1245 patients were included. The most common indication for CAZ-AVI
use was hospital-acquired pneumonia (47.8%). Klebsiella pneumoniae was the predominant
pathogen (81.3%). CAZ-AVI was used as a monotherapy in 80% of cases. Clinical side effects
were observed in 8 (0.64%) patients, while laboratory abnormalities occurred in 73 (5.86%).
The 7-day, 14-day, and 28-day all-cause mortality rates were 13.8%, 28.9%, and 45.2%, re-
spectively. Microbiological eradication was achieved in 82.3% of patients. Higher Sequential
Organ Failure Assessment (SOFA) and Acute Physiology and Chronic Health Evaluation II
(APACHE II) scores at admission, requirement for continuous renal replacement therapy,
mechanical ventilation, and elevated C-reactive protein levels were identified as independ-
ent risk factors for mortality.

Conclusion: This large multicenter real-world analysis demonstrates that CAZ-AVI is an
effective treatment option for severe infections with high mortality, such as those caused
by carbapenem-resistant Enterobacterales and Pseudomonas aeruginosa.

Keywords: Ceftazidime-avibactam, carbapenem-resistant, mortality determinants

INTRODUCTION
ye, infections caused by Enterobacterales producing
ultidrug-resistant Gram-negative bacte- OXA-48-type carbapenemase, classified as class
ria cause infections that are difficult to D under the Ambler classification, have become
treat and associated with high mortality
rates. Such infections are a major problem in Tur-
kiye and worldwide (1,2). The carbapenem group of HIGHLIGHTS
antibiotics is commonly used in infections caused
by resistant Gram-negative microorganisms. How-
ever, the frequent use of carbapenems has caused
more serious issues, including the emergence of
carbapenem-resistant Enterobacterales (CRE), car-
bapenem-resistant Pseudomonas aeruginosa (CRPA),
and carbapenem-resistant Acinetobacter baumannii
(CRAB) (3). The mortality rates of these infections
are higher than those caused by carbapenem-sus-
ceptible pathogens (4,5). Due to their increasing
prevalence and mortality, CRE, CRPA, and CRAB are
at the top of the report, in which the World Health
Organization (WHO) lists the factors that threaten
human health (6,7).

e The most common causative microorganism was
Klebsiella pneumoniae (81.3%).

e Ceftazidime-avibactam (CAZ-AVI) was used as a
monotherapy in 80% of cases.

¢ Clinical side effects occurred in 8 (0.64%) patients,
and laboratory abnormalities were observed in 73
(5.86%) patients.

e The 7-day, 14-day, and 28-day all-cause mortality
rates were 13.8%, 28.9%, and 45.2%, respectively,
while the microbiological cure rate was 82.3%.

e Higher Sequential Organ Failure Assessment
(SOFA) and Acute Physiology and Chronic Health
Evaluation II (APACHE II) scores at admission,
requirement for continuous renal replacement

o therapy, mechanical ventilation, and elevated
The distribution of carbapenemase subtypes con- C-reactive protein levels were independent pre-

tributing to resistance varies across countries. In dictors of mortality.
many Mediterranean countries, including Turki-
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increasingly prevalent. The first recognition that
different OXA-48-producing Klebsiella pneumoniae
clones could cause a nosocomial outbreak occurred
in Istanbul in 2006 (8).

No novel antibiotics have been developed in the
last 30 years; however, newly developed agents
within existing antibiotic classes have been in-
troduced for resistant infections. One of these,
ceftazidime-avibactam (CAZ-AVI), was approved
by the U.S. Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) in
2015. CAZ-AVI combines ceftazidime, a third-gen-
eration cephalosporin with antipseudomonal
activity, and avibactam, a non-p-lactam p-lact-
amase (1). This combination is effective against
B-lactamases such as OXA-48 and K. pneumoniae
carbapenemase (KPC) (9). For infections caused
by OXA-48-producing microorganisms, which are
the dominant carbapenemase type in certain re-
gions of Europe, particularly Tirkiye, CAZ-AVI is
the first-line treatment recommended in guide-
lines.

Ceftazidime-avibactam was introduced in Turkiye
on April 28, 2021, for the treatment of infections
caused by resistant Gram-negative bacteria. Its use,
however, is regulated by the Turkish Ministry of
Health's Health Implementation Communiqué, which
restricts its administration to patients in intensive
care units (ICUs). Its use in non-ICU patients is high-
ly limited, and empirical therapy is not permitted,
significantly constraining its application in routine
clinical practice (10).

This study aimed to determine the indications for
CAZ-AVI use, evaluate its clinical and microbio-
logical efficacy, and assess side effects based on
real-world experience in Turkiye. Additionally, it
sought to identify the factors influencing mortali-
ty in infections caused by resistant Gram-negative
bacteria.

MATERIALS AND METHODS

Study Design

This retrospective cohort study was coordinat-
ed by the Department of Infectious Diseases and
Clinical Microbiology, Selguk University School of

Infect Dis Clin Microbiol 2025; 7(4): 411-25

Medicine (Konya, Turkiye), and involved 22 special-
ists from 16 centers located in different geograph-
ical regions. Patients with carbapenem-resistant
and CAZ-AVI-susceptible Gram-negative bacterial
infections who were followed at the participating
sites between April 2021 and September 2023 and
received CAZ-AVI as part of their treatment were
retrospectively reviewed.

Patient Characteristics
Patients meeting the inclusion criteria were en-
rolled in the analysis.

Inclusion criteria:
e Aged 18 years and over,

e Growth of carbapenem-resistant Gram-nega-
tive bacteria in any clinical culture,

e The identified microorganism being suscepti-
ble to CAZ-AVI,

e Use of CAZ-AVI for more than 48 hours in the
treatment of the causative agent,

e Patient data not included in any other nation-
al or international multicenter study.

Exclusion criteria:
e Pregnant patients,
e Patients with missing data,

e Presence of a concomitant infection with an-
other pathogen.

The study was conducted in accordance with the
principles of the Declaration of Helsinki and ap-
proved by the Non-Interventional Ethics Commit-
tee of Selguk University School of Medicine (Ap-
proval No: 2020/16-E.584849).

Data Collection

All patients who received CAZ-AVI for any in-
dication under the supervision of 22 infectious
diseases and clinical microbiology specialists at
16 participating centers between April 2021 and
September 2023 were included in the data collec-
tion process. Patient data were obtained from each
center’s electronic medical records and entered
into standardized study forms prepared for this
research.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Ceftazidime-Avibactam: Real-World Experience

The study forms included demographic data, Se-
quential Organ Failure Assessment (SOFA), and
Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) scores at baseline, comorbidity status,
and indications for CAZ-AVI use (e.g., pneumonia,
bacteremia, urinary tract infection [UTI], intra-ab-
dominal infection). Culture results and identified
pathogens (Escherichia coli, P. aeruginosa, K. pneumoni-
ae, etc.), CAZ-AVI dosing, treatment method (mono-
therapy or combination therapy), duration of ther-
apy, and observed side effects were also recorded.

Laboratory parameters, including white blood cell
(WBC, x10%L), C-reactive protein (CRP, mg/L), and
procalcitonin (PCT, pg/L), were recorded at baseline
(day 0), day 3, and day 7 of treatment. Microbiologi-
cal eradication and mortality rates were document-
ed accordingly.

Treatment Selection and Responses

A specific protocol was not applied for treatment
selection, administration route, or treatment du-
ration. The diagnosis of infection and the choice
of therapy were determined by the attending in-
fectious diseases specialist at each participating
center, without additional predefined criteria for
patient selection. A standard CAZ-AVI dose of 2.5 g
every 8 hours was administered to all patients with
normal glomerular filtration rates (GFRs). Dosages
were adjusted appropriately in patients whose GFR
values changed. Patients were followed in the hos-
pital until death or discharge.

Treatment response was assessed based on all-
cause mortality atdays 7, 14, and 28. Microbiological
eradication was defined as the absence of growth of
the initial pathogen in follow-up cultures obtained
at least 72 hours after treatment initiation.

Microbiological Analysis

Ceftazidime-avibactam susceptibility testing was
performed using the disk diffusion method in the
local laboratories of the participating centers. Ac-
cording to the recommendations of the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST), in vitro antibiotic susceptibilities were
determined using a 10/4 pg CAZ-AVI disk. Isolates
were considered susceptible if >13mm and resis-
tant if <13 mm for Enterobacterales, and susceptible
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if 217 mm and resistant if <17 mm for P. aeruginosa
(11).

Statistical Analysis

Data were analyzed using IBM SPSS Statistics ver-
sion 23 (IBM Corp., Armonk, NY, USA). The Pearson
chi-square test was used for categorical variables.
The normality of data distribution was assessed
using the Kolmogorov-Smirnov and Shapiro-Wilk
tests. The Friedman test was used to compare
non-normally distributed parameters across three
time points, and the Dunn test was applied for mul-
tiple comparisons. For normally distributed paired
data, independent sample t-tests were used.

Binary logistic regression analysis was performed to
identify the factors associated with mortality at days
7,14, and 28. Receiver operating characteristic (ROC)
curve analysis was used to determine the thresh-
old values of parameters predictive of mortality at
these time points. For each cut-off value, sensitivity,
specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV) were calculated along
with 95% confidence intervals (CIs). The area under
the ROC curve (AUC) was also reported.

Categorical variables were expressed as frequencies
(percentages), and continuous variables as means +
standard deviations (SDs) or medians (minimum-
maximum), as appropriate. P-value < 0.05 was con-
sidered statistically significant.

RESULTS

A total of 1245 patients meeting the study criteria
were included in the analysis. Of these, 778 (62.5%)
were male and 467 (37.5%) were female, with a
median age of 67 years (range, 18-97). The most
common indication for CAZ-AVI use was hospi-
tal-acquired pneumonia (47.8%), followed by blood-
stream infection (19.3%). The predominant caus-
ative pathogen was K. pnemoniae (81.3%), followed
by P. aeruginosa (12.4%). Bacteremia was detected in
34.8% of patients with UTI, 21.6% with pneumonia,
and 12.5% with intra-abdominal infection.

The mean duration of CAZ-AVI therapy was
11.3 +4.8 days. It was administered as monothera-
py in 80% of patients, and in 20% it was combined

414
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Table 1. Demographic and clinical characteristics of the patients (n=1245).

with another antibiotic at the treating physician’s
discretion to enhance Gram-negative coverage. The
demographic and clinical characteristics of the pa-
tients are presented in Table 1.

Clinical side effects were observed in 8 (0.64%) pa-
tients, and abnormal laboratory findings were re-

Demographic and clinical characteristics n (%) Demographic and clinical characteristics n (%)
Male / Female 778 | 467 Comorbidities 984 (79)
Age, median (min-max) 67 (18-97) Diabetes mellitus 425 (34.1)
Clinical scores, median (min-max) Chronic renal failure 175 (14.1)
SOFA score 6 (0-23) Malignancy 298 (23.9)
APACHE Il score 19 (0-70) Chronic pulmonary disease 260 (20.9)
Primary diagnosis at hospitalization Prior antibiotic use during hospitalization 1208 (97)
Trauma 94 (7.6) Meropenem 977 (78.5)
Malignancy 235(18.9) Colistin / Polymyxin B 575 (46.2)
Chronic kidney failure 53 (4.3) Third-generation cephalosporin 429 (34.4)
Heart diseases 125 (10) Quinolone 298 (23.9)
Lung diseases 298 (23.9) Aminoglycoside 177 (14.2)
Other 440 (35.3) CAZ-AVI treatment
Clinical indications for CAZ-AVI Monotherapy / combination therapy 896 /349
Pneumonia 595 (47.8) Resistance detected during CAZ-AVI therapy 33(2.7)
Bloodstream infection 240 (19.3) Clinical side effects 8(0.6)
Urinary tract infection 204 (16.4) Laboratory side effects 73(6.2)
Intra-abdominal infection 67 (5.4) Discontinuation due to side effects 7 (0.6)
Other 139 (11.2) Outcomes
Microbiological indications 7-days mortality (n=1245) 172 (13.81)
K. pneumoniae 1012 (81.3) 14-days mortality (n=1232) 352 (28.9)
P. aeruginosa 154 (12.4) 28-days mortality (n=1115) 504 (45.2)
E. coli 48 (3.9) Microbiological eradication (n=868) 719 (82.8)
Other 36 (2.9) SOFA: Sequential Organ Failure Assessment, APACHE II: Acute

. Physiology and Chronic Health Evaluation Il, CAZ-AVI: Ceftazidime-
Bacteremia 421(31.6) Avibactam, WBC: White blood cell, CRP: C-reactive protein,
Start of treatment acute phase reactants, median (min-max) PCT: Procalcitonin.
WBC (x10%/uL) 11'9197 g(%)o— ) ) o )

’ ported in 73 (5.86%) patients. Clinical side effects

CRP (mg/L) 109 (0.1-721) included mild allergic reactions without anaphy-
PCT (ug/L) 12 (0-473) laxis in 5 (0.40%) patients, gastrointestinal irrita-

tion in one, and headache in two. Seven of the eight
patients who developed clinical side effects were
receiving CAZ-AVI monotherapy. No treatment dis-
continuation occurred due to clinical side effects.

Among the 73 patients who developed abnormal
laboratory findings, 43 (59%) were in the monother-
apy group and 30 (41%) were in the combination

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 2. Evaluation of factors affecting microbiological eradication.

Microbiological eradication
Total (n=868) p
Yes (n=719) No (n=149)

Sex (Male / Female) 437 /282 111/38 549 /320 0.0032
Age (years), median (min-max) 67 (18-97) 67 (20-96) 67 (18-97) 0.614
Clinical scores, median (min-max)
SOFA score 6 (0-23) 7 (0-21) 6 (0-23) 0.321
APACHE Il score 18 (0-68) 22 (3-60) 18.5 (0-68) 0.030
Diagnosis of hospitalization
Trauma 65 (89.0) 8(11.0) 73 (8.4)
Malignancy 140 (83.8) 27 (16.2) 167 (19.2)
Chronic kidney failure 39 (90.7) 4(9.3) 43 (5)
Heart disease 63 (87.5) 9(12.5) 72 (8.3) 002
Lung disease 152 (75.6) 49 (24.4) 201 (23.2)
Other 260 (83.3) 52 (16.7) 311(35.9)
CAZ-AVI indication
Bloodstream infection 146 (86.4) 23 (13.6) 169 (19.5)
Urinary tract infection 131 (87.3) 19 (12.7) 150 (17.3)
Intra-abdominal infection 46 (90.2) 5(9.8) 52 (5.9) 0.028°
Pneumonia 326 (80.5) 79 (19.5) 405 (46.7)
Others 70 (75.3) 23 (24.7) 93(10.7)
Microbiological indications
K. pneumoniae 614 (85.9) 101 (14.1) 715 (82.4)
E. coli 13 (56.5) 10 (43.5) 23 (2.6)

<0.000°
P. aeruginosa 74 (70.5) 31 (29.5) 105 (12.1)
Others 18 (72.0) 7 (28.0) 25 (2.9)
Culture site
Urine 187 (96.4) 7 (4.7) 194 (22.4)
Blood 139 (85.3) 24 (14.7) 163 (18.8)

<0.001°
Deep tracheal aspirate / BAL 327 (78.0) 92 (22.0) 419 (48.3)
Other 66 (71.7) 26 (28.3) 92 (10.6)
CAZ-AVI use
Monotherapy 535 (85.2) 93 (14.8) 628 (72.4)

0.002*
Combination 184 (76.7) 56 (23.3) 240 (27.6)
Resistance detected during CAZ-AVI therapy
No 713 (85.3) 122 (14.6) 835 (96.4)

<0.001°
Yes 6(18.8) 27 (81.3) 33 (3.6)
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Microbiological eradication
Total (n=868) p
Yes (n=719) No (n=149)

Need for mechanical ventilation
No 317 (91.1) 31(8.9) 348 (40.1)

<0.001°
Yes 401 (77.3) 118 (22.7) 520 (59.9)
Need for ECMO
No 706 (83.3) 142 (16.7) 848 (97.7)

0.032¢
Yes 13 (65.0) 7 (35.0) 20 (2.3)
Need for CRRT
No 670 (83.8) 130 (16.2) 819 (92.2)

0.024°
Yes 49 (72.1) 19 (27.9) 68 (7.8)
Laboratory findings, median (min-max)
WBC, day 0 (x10%/L) 10,800 (100-63,000) | 12,100 (2200-99,000) | 11,135 (100-99,000) 0.050
CRP, day 0 (mg/L) 88.9 (0.1-471) 145 (1.4-429) 97 (0.1-471) <0.001
PCT, day 0 (ug/L) 1.3 (0-473) 1(0-72.2) 1.2 (0-473) 0.492
WBC, day 3 (x10%/L) 9500 (100-58,270) 10,600 (1040-80,000) 9720 (100-80,000) 0.018
CRP, day 3 (mg/L) 77 (0.3-573) 105 (1.7-390) 81.1(0.3-573) <0.001
PCT, day 3 (ug/L) 0.7 (0-179.6) 0.8 (0-41.2) 0.7 (0-179.6) 0.743
WBC, day 7 (x10%/L) 8800 (100-75,580) 10,300 (1470-50,540) 9000 (100-75,580) 0.001
CRP, day 7 (mg/L) 50 (0.1-427) 72 (2.1-385) 55 (0.1-427) <0.001
PCT, day 7 (ug/L) 0.4 (0-102) 0.5 (0-100) 0.5 (0-102) 0.112

3Pearson chi-square test; "Continuity correction; Fisher’s exact test.

SOFA: Sequential Organ Failure Assessment, APACHE II: Acute Physiology and Chronic Health Evaluation Il, CAZ-AVI: Ceftazidime-Avibactam,
WABC: White blood cell, CRP: C-reactive protein, PCT: Procalcitonin, CCRT: Continuous renal replacement therapy, ECMO: Extracorporeal membrane

oxygenation, BAL: Bronchoalveolar lavage.

therapy group. Laboratory abnormalities were sig-
nificantly more frequent in patients receiving com-
bination therapy (p=0.035). Treatment discontinua-
tion due to laboratory abnormalities was required
in 7 of 73 patients (9%) (Table 2).

The overall microbiological cure rate was 82.8%.
Infections caused by K. pneumoniae showed a cure
rate of 85.9%. A statistically significant difference in
microbiological cure rates was observed according
to the causative microorganism (p<0.001). All vari-
ables affecting microbiological cure are summa-
rized in Table 2.

The 7-day all-cause mortality rate was 13.8%,
the 14-day mortality rate was 28.9%, and the 28-
day mortality rate was 45.2%. Baseline SOFA and
APACHE 1I scores were significantly higher in the
patients who died (p<0.001). An all analysis of the
factors associated with 7-, 14-, and 28-day mortali-
ty is presented in Table 3, and pretreatment and fol-
low-up laboratory parameters are shown in Table 4.

Binary logistic regression analysis identified me-
chanical ventilation and continuous renal replace-
ment therapy (CRRT) as independent risk factors
for mortality for all three time points (days 7, 14,
and 28). For mechanical ventilation, the odds ratios

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 3. Univariate analysis of factors affecting 7, 14 and 28-day mortality.

7-day mortality 14-day mortality 28-day mortality
o o o
n (%) » n (%) » n (%) »
No (n=1073) | Yes (n=172) No (n=875) | Yes (n=357) No (n=611) | Yes (n=504)

Sex (Male / Female) 670/ 403 108/ 64 546 /329 223/134 385/226 305/199 0.393°
Age (years), median (min-max) | 67 (18-97) 65 (18-94) 0.900 66 (18-97) 68 (18-94) | 0.155 66 (18-97) 67 (18-96) | 0.258
Clinical scores, median (min-max)
SOFA score 6 (0-23) 10 (0-22) <0.001 5(0-21) 9 (0-23) <0.001 5(0-17) 9(0-23) | <0.001
APACHE Il score 18 (0-70) 26 (3-60) <0.001 17 (0-68) 24 (3-70) | <0.001 15 (0-68) 23 (3-70) | <0.001
Primary disease
Trauma 89 (94.7) 5(53) 79 (83.2) 16 (16.8) 56 (65.9) 29 (34.1)
Malignancy 202 (86) 33 (14) 167 (72.6) 63 (27.4) 119 (57.5) 88 (42.5)
Chronic kidney failure 45 (84.9) 8 (15.1) 41 (75.9) 13 (24.1) 28 (60.9) 18 (39.1)

0.052° 0.023° 0.0512
Heart disease 99 (79.2) 26 (20.8) 79 (64.2) 44 (35.8) 54 (49.5) 55 (50.5)
Lung disease 257 (86.2) 41 (13.8) 198 (66.9) 98 (33.1) 133 (48.7) 140 (51.3)
Other 381 (86.6) 59 (13.4) 311 (71.7) 123 (28.3) 221 (55.9) 174 (44.1)
Clinical indication
Bloodstream infection 201 (83.8) 39 (16.3) 171 (70.4) 72 (29.6) 115 (52.3) 105 (47.7)
Urinary tract infection 177 (86.8) 27 (132) 150 (75.8) 48 (24.2) 108 (62.1) 66 (37.9)
Intra-abdominal infection 61(97) 6(9) 0.611° 48 (75) 16 (25) 0.485° 40 (69) 18 (31) 0.033°
Pneumonia 515 (36.6) 80 (13.4) 409 (69.4) 180 (30.6) 279 (52.2) 255 (47.8)
Others 119 (85.6) 20 (14.4) 97 (70.3) 41 (29.7) 69 (53.5) 60 (46.5)
Microbiological indications
K. pneumoniae 868 (85.8) 144 (14.2) 697 (69.6) 304 (30.4) 472 (52.4) 429 (47.6)
E. coli 45 (93.9) 3(63) 39 (81.3) 9(18.8) 34(73.9) 12 (26.1)

0.518 0.199 0.005
P. aeruginosa 133 (86.4) 21 (13.6) 117 (77) 35(23) 88 (63.3) 51(36.7)
Other 32(88.9) 4(11.) 28 (77.8) 8(22.2) 21 (65.6) 11 (34.4)
Bacteremia 355 (84.3) 66 (15.7) 0.220° 287 (68.2) 134 (31.8) | 0.133° 196 (49.9) 197 (50.1) | 0.015°
Comorbidities 842 (85.6) 142 (14.4) 0.2222 675 (69.5) 296 (30.5) 0.0257 483 (52.6) 435 (47.4) 0.0027
Diabetes mellitus 374 (88) 51 (12) 0.181° 301 (72) 117 (28) 0.584° 211 (55.4) 170 (44.6) | 0.778°
Chronic renal failure 151 (86.3) 24 (13.7) 1.000° 121 (69.9) 52 (30.1) 0.735° 78 (50.3) 77 (49.7) | 0.228°
Malignancy 253 (84.9) 45 (15.1) 0.461° 193 (65.9) 100 (34.1) | 0.026° 122 (45.9) 144 (54.1) | 0.001°
Chronic pulmonary disease 219 (84.2) 41 (15.8) 0.305% 170 (65.9) 88 (34.1) 0.041° 115 (48.7) 121 (51.3) 0.0357
:2‘5’;':2;'::3:; use during 1038 (85.9) 170 (14.1) 0.207° 847 (70.5) 354(295) | 0.028° 584 (53.8) 501 (462) | <0.001°
CAZ-AVl use
Monotherapy 776 (86.6) 120 (13.4) 644 (72.9) 240 (27.1) 447 (57.9) 325 (42.1)

0.489° 0.0247 0.0027
Combination 297 (85.1) 52 (14.9) 231 (66.4) 117 (33.6) 164 (47.8) 179 (52.2)
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Table 3. Univariate analysis of factors affecting 7, 14 and 28-day mortality. (Continued)

7-day mortality 14-day mortality 28-day mortality
n (%) n (%) n (%)
p P p
No (n=1073) | Yes (n=172) No (n=875) | Yes (n=357) No (n=611) | Yes (n=504)

Resistance during CAZ-AVI therapy
No 1043 (86.1) 169 (13.9) 847 (70.6) 353 (29.4) 593 (54.7) 491 (45.3)

0.609¢ 0.060° 0.851°
Yes 30(90.9) 3(9.1) 28 (87.5) 4(12.5) 18 (58.1) 13 (41.9)
Need for mechanical ventilation
No 444, (94.9) 24 (5.1) 407 (87.9) 56 (12.1) 297 (79.4) 77 (20.6)

<0.001° <0.001? <0.001?
Yes 629 (81) 148 (19) 468 (60.9) 301 (39.1) 314 (42.4) 427 (57.6)
Need for CRRT
No 66 (71.7) 26 (28.3) 46 (50) 46 (50) 26 (28.6) 65 (71.4)

<0.001° <0.001? <0.001®
Yes 1007 (87.3) 146 (12.7) 829 (72.7) 311 (27.3) 585 (57.1) 439 (42.9)
Need for hemodialysis
No 143 (81.3) 33(18.8) 105 (61) 67 (39) 64 (37.6) 106 (62.4)

0.054° 0.002° <0.001?
Yes 930 (87) 139 (13) 770 (72.6) 290 (27.4) 547 (57.9) 398 (42.1)
Microbiological eradication
No 673 (84.9) 120 (15.1) 568 (85) 100 (15) 408 (85.9) 67 (14.1)

0.000° 0.032° 0.001?
Yes 46 (61.3) 29 (38.7) 124 (78.5) 34(21.5) 157 (75.5) 51 (24.5)
Microbiological eradication time
(days), median (min-max) 5 (1-38) 5.5 (1-7) 0.104 5 (1-38) 5 (1-13) 0.163 6 (1-38) 5 (1-20) 0.373

2Pearson chi-square test; *Continuity correction; Fisher’s exact test.

SOFA: Sequential Organ Failure Assessment, APACHE II: Acute Physiology and Chronic Health Evaluation Il, CAZ-AVI: Ceftazidime-Avibactam, WBC: White blood cell, CRP:
C-reactive protein, PCT: Procalcitonin, CCRT: Continuous renal replacement therapy, ECMO: Extracorporeal membrane oxygenation.

(ORs) and 95% ClIs were as follows:

Day 7: OR 3.038; 95% CI 1.809-5.102; p<0.001
Day 14: OR 4.366; 95% CI 3.04-6.271; p<0.001
Day 28: OR 3.642; 95% CI 2.481-5.345; p<0.001

For CRRT, the results were as follows:

Day 7: OR 1.877; 95% CI 1.071-3.29; p=0.028
Day 14: OR 2.114; 95% CI 1.219-3.667; p=0.008
Day 28: OR 1.811; 95% CI 1.107-2.964; p=0.018

All variables identified as mortality risk factors in
the binary logistic regression analysis are summa-
rized in Table 5.

The Area Under the Curve (AUC) value for PCT at
baseline (day 0) in predicting 7-day mortality was

0.634, which was statistically significant (p=.01).
Taking the threshold value as 0.96 at day 0, the sen-
sitivity turned out to be 81.93%, specificity 49.95%,
PPV 21.66%, and NPV 94.24%. The AUC value for CRP
at day 3 in predicting 7-day mortality was 0.64, and
the AUC value at day 7 was 0.697, which were statis-
tically significant (p=0.007 and p=0.001, respective-
ly). With a threshold value of 115 at day 3 of CAZ-
AVI therapy, the sensitivity was 63.64%, specificity
67.71%, PPV 21.04%, and NPV 93.23%. The AUC value
for WBC at day 7 of the therapy was 0.643 (p=0.006).
With a threshold value of 10,900 at day 7, the sensi-
tivity was 66.67%, specificity 64.96%, PPV 7.49%, and
NPV 97.86%. All ROC analysis results of PCT, CRP,
and WBC values, together with their threshold val-
ues, PPV, and NPV for predicting 7-, 14-, and 28-day
mortalities, are summarized in Table 6.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 4. WBC, CRP and PCT values of the patients at the beginning of treatment and on the 3rd and 7th days.

7-day mortality 14-day mortality 28-day mortality
Parameter p p p
No (n=1073) | Yes (n=172) No (n=875) Yes (n=357) No (n=611) Yes (n=504)
11,000 12,330 10,800 11,800 10,510 11,750
5 : : : : , :
WBC, day 0 (<10°L)| (10099000 | (100-850000 | %010 | (100990000 | (100-85000 | %993 | (210-63,000) (100-99,000) | 0005
CRP,dayO(mg/l) | 104(0.1-721) | 149 (4-479) | <0.001 | 102(0.1-471) | 136(4721) | <0.001 | 104 (0.1-471) 135 (4-721) | <0.001
PCT, day 0 (ug/L) 1(0-473) 34(0.1-100) | <0.001 | 0.9 (0-473) 24(0-124) | <0.001 | 06 (0-473) 2 (0-124) <0.001
9690 12,560 9450 12,260 9300 11,125
9 ) y y
WBC, day 3 (<10°L) | (100-174,000) | (100-71,0000 | %P1 | (100-80,000) | (100-174,000) | <91 | (700-80,000) | (100-174,000) | <0001
CRP,day3(mg/l) | 77(03-573) | 136(12-548) | <0.001 | 752(0.3-429) | 120(2-573) | <0.001 | 71(0.3-428) 13(1-573) | <0.001
PCT, day 3 (ug/L) 0.6(0-179.6) | 3.2(0.1-100) | <0.001 | 0.5 (0-179.6) 24(0-100) | <0.001 | 0.4 (0-129) 17(0-100) | <0.001
9040 12,000 8900 11,700 8800 10,650
5 : : :
WBC, day 7 (<10°L) | (100_165,000) | (900-43300) | %01 | (100-80,100) | (690-165000) | <901 | (200-52,640) | (100-165000) | <0001
CRP,day 7 (mg/l) | 51(0.1-481) 106 (7-292) | <0.001 | 44 (0.1-385) 734 (2-481) | <0.001 | 37(0.1-318) 75(03-481) | <0.001
PCT, day 7 (ug/L) 04(0-102) | 25(0.1-346) | <0.001 | 0.3 (0-100) 18(0.1-102) | <0.001 | 0.2 (0-48.1) 14(01-102) | <0.001

Mann-Whitney U test; values are presented as median (min-max).
CRP: C-reactive protein, WBC: White blood cell, PCT: Procalcitonin.

DISCUSSION

Turkiye is considered an OXA-48-dominant region
according to several reports; however, the distri-
bution of carbapenemase types is changing rapid-
ly. A recent study demonstrated OXA-48 positivity
In 52.2% and KPC positivity in 16.1% of E. coli and
K. pneumoniae isolates (12). For this reason, CAZ-
AVI plays an important role in the treatment of
Gram-negative infections in Tirkiye. Our study is
the most comprehensive multicenter real-world
analysis in an OXA-48-dominant region and, to our
knowledge, the first to investigate the predictive val-
ue of WBC, CRP, and PCT thresholds for mortality.

Previous studies and reviews have shown that CAZ-
AVI is most commonly used against CRE infections
and, less frequently, against P. aeruginosa (13-16). A
systematic review of 1926 patients reported that
CRE (n=1718) and multidrug-resistant P. aeruginosa
(n=150) were the most common pathogens treat-
ed with CAZ-AVI (15). The distribution of causative
pathogens in our series was similar to that reported
in the literature.

In the review by Soriano et al. (15), which includ-
ed 73 articles involving 1926 patients who received
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CAZ-AVI therapy between 2015 and 2021, the most
common indications were pneumonia and bactere-
mia. Many other studies have reported the use of
CAZ-AVI for various infections, and, similar to our
study, pneumonia was the most frequent indica-
tion (3, 17-20).

The superiority of the combination therapy with
CAZ-AVI over monotherapy has not been demon-
strated; similar efficacy rates have been reported
(21). Tumbarello et al. (22), in a review of 577 pa-
tients with KPC-producing K. pneumoniae infections,
found no significant difference in clinical outcomes
between CAZ-AVI monotherapy and combination
therapy. Similarly, Onorato et al. (23) reported in
their meta-analysis that mortality rates were high-
er with combination therapy, as was also the case
in our study. This may be explained by the fact that
patients receiving combination therapy generally
had more severe baseline conditions than those
receiving monotherapy. Additionally, the potential
adverse effects associated with the second drug
could have negatively influenced outcomes. Over-
all, our findings support the use of CAZ-AVI mono-
therapy for both efficacy and safety, consistent
with previous reports.
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Table 5. Examination of factors affecting 7, 14 and 28-day mortality using binary logistic regression analysis.

7-day mortality

14-day mortality

28-day mortality

OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p
Sex (reference: male) 0.946 (0.654-1.37) 0.77 0.96 (0.718-1.285) 0.786 0.9 (0.673-1.204) 0.479
Age 0.997 (0.986-1.008) 0.608 1(0.991-1.009) 0.989 1.003 (0.994-1.011) 0.566
Primary disease
Malignancy 2.922 (1.031-8.28) 0.044 1.096 (0.576-2.083) 0.78 1.589 (0.79-3.194) 0.194
Chronic kidney failure 3.19 (0.908-11.209) 0.07 1.25 (0.516-3.031) 0.621 1.31(0.517-3.318) 0.569
Heart diseases 4.313 (1.473-12.627) 0.008 1.605 (0.791-3.255) 0.19 2.255 (1.07-4.752) 0.032
Lung diseases 2.272 (0.799-6.461) 0.124 1.494 (0.792-2.817) 0.215 1.683 (0.844-3.355) 0.139
Other 2.233(0.822-6.064) 0.115 1.079 (0.597-1.949) 0.802 1.497 (0.779-2.876) 0.226
CAZ-AVI indication (reference: bloodstream infection)
Urinary tract infection 0.764 (0.389-1.502) 0.436 0.661 (0.377-1.157) 0.147 0.747 (0.427-1.306) 0.306
Intra—abdominal infection 0.599 (0.209-1.718) 0.341 0.859 (0.387-1.906) 0.709 1.184 (0.543-2.579) 0.671
Pneumonia 0.516 (0.262-1.014) 0.055 0.775 (0.447-1.343) 0.363 0.695 (0.404-1.197) 0.19
Others 0.552 (0.244-1.247) 0.153 0.873 (0.453-1.684) 0686 | 0797 (0.417-1.524) | 0.493
Microbiological indications (reference: none)
K. pneumoniae 0.629 (0.038-10.334) 0.745 - -- - --
E. coli 0.335(0.017-6.61) 0.472 0.497 (0.199-1.243) 0.135 0.762 (0.293-1.984) 0.578
P. aeruginosa 0.547 (0.033-9.089) 0.674 0.462 (0.288-0.741) 0.001 0.613 (0.379-0.99) 0.045
Others 1.063 (0.058-19.567) 0.967 0.918 (0.309-2.724) 0.877 1.342 (0.473-3.813) 0.58
Culture (Reference: Urine)
Blood 0.851 (0.373-1.943) 0.702 0.832 (0.432-1.599) 0.581 0.696 (0.361-1.339) 0.278
Deep tracheal aspirate / BAL 1.186 (0.57-2.465) 0.648 0.839 (0.471-.497) 0.553 1.026 (0.587-1.793) 0.929
Others 0.896 (0.345-2.328) 0.821 1.032 (0.505-2.112) 0.93 0.794 (0.384-1.641) 0.533
Bacteremia (reference: none) 0.951 (0.6-1.508) 0.83 1.043 (0.723-1.505) 0.822 1.084 (0.753-1.559) 0.665
Comorbidities (reference: none) 1.057 (0.632-1.767) 0.834 1.155 (0.759-1.756) 0.502 0.961 (0.645-1.433) 0.846
Diabetes mellitus 0.825 (0.555-1.226) 0.342 1.02 (0.751-1.386) 0.898 0.988 (0.728-1.341) 0.937
Chronic renal failure 0.932 (0.542-1.603) 0.8 1.062 (0.682-1.653) 0.791 0.963 (0.627-1.479) 0.864
Malignancy 1.172 (0.745-1.843) 0.492 1.713 (1.196-2.455) | 0.003 1,543 (1.082-2.201) | 0.017
Lung disease 1.054 (0.667-1.666) 0.823 1.005 (0.701-1.44) 0.979 1.123 (0.787-1.603) 0.523
Prior antibiotic use (reference: none) 1.18 (0.246-5.654) 0.836 3.481 (0.901-13.439) 0.07 1.826 (0.498-6.703) 0.364
CAZ-AVI use (reference: monotherapy) 0.75 (0.506-1.114) 0.154 1.095 (0.809-1.482) 0.557 0.971 (0.713-1.322) 0.851
CAZ-AVI treatment day 0 WBC 1.002 (1-1.004) 0.049 1.002 (1-1.003) 0.069 1.001 (1-1.003) 0.081
CAZ-AVI treatment day 0 CRP 1.003 (1.001-1.005) 0.002 1.002 (1-1.003) 0.028 1.002 (1-1.003) 0.021
CAZ-AVI treatment day 0 PCT 0.999 (0.991-1.007) 0.816 1.001 (0.995-1.007) 0.737 1(0.994-1.007) 0.93

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 5. Examination of factors affecting 7, 14 and 28-day mortality using binary logistic regression analysis.(Continued)

7-day mortality

14-day mortality

28-day mortality

OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p
Need for mechanical ventilation (reference: none) 3.038 (1.809-5.102) <0.001 4.366 (3.04-6.271) <0.001 3.642 (2.481-5.345) <0.001
CRRT requirement (reference: none) 1.877 (1.071-3.29) 0.028 2.114 (1.219-3.667) 0.008 1.811 (1.107-2.964) 0.018
Need for hemodialysis treatment (reference: none) 0.937 (0.557-1.578) 0.807 1.378 (0.899-2.112) 0.142 1.095 (0.723-1.659) 0.668

OR: Odds ratio, Cl: Confidence interval, CAZ-AVI: Ceftazidime-Avibactam, WBC: White blood cell, CRP: C-reactive protein, PCT: Procalcitonin, CCRT: Continuous renal

replacement therapy, BAL: Bronchoalveolar lavage.

In the REPRISE Phase 3 trial, in which CAZ-AVI
was compared with other treatment options for
complicated UTIs and intra-abdominal infections
caused by Enterobacteriaceae and P. aeruginosa in 53
hospitals across 16 countries, clinical side effects,
mostly gastrointestinal, were reported in 51 of the
164 patients receiving CAZ-AVI, and none required
discontinuation (24). Jorgensen et al. (3) reported
adverse events in 17 (8.4%) of 203 patients, includ-
ing 10 cases of acute kidney injury. The overall in-
cidence of CAZ-AVI-related adverse events is quite
low in studies, and most did not require treatment
discontinuation (3,22,25). Our study confirms these
findings and further demonstrates that CAZ-AVI is
a well-tolerated antibiotic.

Carbapenem-resistant Gram-negative infections
are associated with high mortality, with rates of up
to 70% reported in some series (26). In real-world
CAZ-AVI experiences, all-cause mortality has
ranged between 8% and 40% (13,14,25,27). In our
study, the 28-day mortality rate was 45.2%, which
is high but within the upper range of previously
published data. Several factors may explain this
finding: most patients were critically ill, with high
baseline APACHE II (median 19) and SOFA (median
6) scores; a substantial proportion were in the ICU
and required mechanical ventilation; and many
had severe comorbidities. These determinants are
well established as independent risk factors for
mortality (3,14,16).

The microbiological eradication rate in our study
(82.3%) was within the previously reported range
of 68-90% (13,16,20,24). Notably, treatment failure
was most frequent in patients with pneumonia
(19.5%), consistent with previous reports identify-
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ing pneumonia as the infection type with the high-
est risk of therapeutic failure (28-30).

In our study, the baseline serum concentrations
of PCT, CRP, and WBC were significantly lower in
survivors than in non-survivors; however, only CRP
remained an independent determinant in mul-
tivariate analysis. Similar to our findings, stud-
les conducted in intensive care populations have
shown higher baseline PCT, CRP, and WBC levels in
non-survivors (31,32). Nevertheless, their predictive
power for mortality remains uncertain, and the lit-
erature is inconsistent. A study investigating septic
shock patients reported that baseline CRP and PCT
values alone had limited value in predicting 28-
day mortality (33). Similarly, another study found
that baseline CRP and PCT levels were not associ-
ated with mortality, but low CRP and PCT clear-
ance during treatment were directly associated
with treatment failure (34). In our analysis, serum
CRP, PCT, and WBC levels were significantly higher
in non-survivors, and ROC analysis demonstrated
their predictive value for 7-, 14-, and 28-day mortal-
ity. Although CRP emerged as the only independent
predictor in multivariate analysis, our study pro-
vides novel insight by identifying clinically relevant
thresholds for these biomarkers. To our knowledge,
no prior study has reported such findings.

Our study has several limitations. Molecular resis-
tance mechanisms were not investigated, and poly-
microbial infections could not be fully differentiat-
ed. Data regarding the specific combination thera-
pies were incomplete. Furthermore, CAZ-AVI was
not evaluated as empirical therapy, as national reg-
ulations restrict its use to documented infections
with confirmed susceptibility. Finally, although the
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Table 6. Receiver operating characteristic (ROC) analysis results for 7-, 14-, and 28-day mortality according to CAZ-AVI treatment.
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Mortality Variable Cut-off* Sensitivity (%) | Specificity (%) PPV (%) NPV (%) AUC p
Day 0 WBC 15,300 38.37 78 21.93 88.71 0.519 0.716
Day 0 CRP 88 74.85 44.11 17.75 91.59 0.541 0.435
Day 0 PCT 0.96 81.93 49.95 21.66 94.24 0.634 0.010
Day 3 WBC 14,900 41.60 81.84 23.64 91.20 0.594 0.072
7-day Day 3 CRP 115 63.64 67.71 21.04 93.23 0.640 0.007
Day 3 PCT 1.05 78.95 63.57 23.68 95.47 0.676 0.001
Day 7 WBC 10,900 66.67 64.96 7.49 97.86 0.643 0.006
Day 7 CRP 60 82.86 55.58 6.86 98.80 0.697 <0.001
Day 7 PCT 0.9 82.35 63.28 8.72 98.83 0.720 <0.001
Day 0 WBC 16,590 29.69 83.91 43.09 74.41 0.543 0.090
Day 0 CRP 146 47.75 67.36 37.61 75.78 0.551 0.046
Day 0 PCT 0.77 78.04 47.63 38.51 83.77 0.617 <0.001
Day 3 WBC 12,000 52.63 70.13 40.11 79.58 0.592 <0.001
14-day Day 3 CRP 110 55.20 67.63 39.59 79.71 0.612 <0.001
Day 3 PCT 1.05 70.88 70.05 49.07 85.52 0.703 <0.001
Day 7 WBC 10,950 56.12 69.54 32.74 85.71 0.626 <0.001
Day 7 CRP 47.7 71.66 52.08 27.92 87.65 0.632 <0.001
Day 7 PCT 0.82 71.59 69.30 38.89 89.94 0.745 <0.001
Day 0 WBC 16,050 29.48 81.91 57.36 58.45 0.537 0.087
Day 0 CRP 125 55.20 60.43 53.59 61.97 0.575 0.001
Day 0 PCT 0.77 72.96 55.68 58.98 70.21 0.615 <0.001
Day 3 WBC 12,320 42.79 73.36 54.44 63.28 0.552 0.017
28-day Day 3 CRP 110 52.49 71.25 57.85 66.61 0.631 <0.001
Day 3 PCT 0.68 73.12 64.60 62.99 74.46 0.699 <0.001
Day 7 WBC 10,950 48.54 70.83 49.70 69.86 0.575 0.001
Day 7 CRP 58.1 65.44 63.41 50.95 75.96 0.658 <0.001
Day 7 PCT 0.43 76.77 63.56 56.94 81.35 0.749 <0.001

*Cut-off direction (2).

PPV: Positive predictive value, NPV: Negative predictive value, CRP: C-reactive protein, WBC: White blood cell, PCT: Procalcitonin, AUC: Area under the curve,

CAZ-AVI: Ceftazidime-avibactam.

retrospective design reflects real-world practice, it
limited access to certain clinical data and may in-
troduce reporting bias.

In conclusion, this is the largest multicenter re-
al-world study of CAZ-AVI conducted in an OXA-
48-dominant country. Clinical and microbiological

outcomes were evaluated across a broad range of
infection types, and risk factors for mortality were
analyzed together with biomarker thresholds. We
believe these findings provide valuable guidance
for clinicians managing carbapenem-resistant
Gram-negative infections in regions with similar
resistance patterns.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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