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Background: Experience of ceftazidime-avibactam (CAZ/AVI) for carbapenem-resistant Pseudomonas aeruginosa (CRPA) infection
in recipients after lung transplantation (LT) is relatively limited.

Methods: A retrospective observational study was conducted on lung transplant recipients receiving CAZ/AVI therapy for CRPA
infection. The primary outcomes were the 14-day and 30-day mortality. The secondary outcomes were clinical cure and micro-
biological cure.

Results: Among 183 LT recipients, a total of 15 recipients with CRPA infection who received CAZ/AVI therapy were enrolled in this
study. The mean age of recipients was 54 years and 73.3% of recipients were male. The median time from infection onset to initiation
of CAZ/AVI treatment was 4 days (IQR, 3-7) and the mean duration of CAZ/AVI therapy was 10 days. CAZ/AVI was mainly
administered as monotherapy in LT recipients (80%). Among these eligible recipients, 14-day and 30-day mortality were 6.7% and
13.3%, respectively. The clinical cure and microbiological cure rates of CAZ/AVI therapy were 53.3% and 60%, respectively. Three
recipients (20%) experienced recurrent infection. In addition, the mean lengths of ICU stay and hospital stay were 24 days and 35
days, respectively, among LT recipients.

Conclusion: CAZ/AVI may be an alternative and promising regimen for CRPA eradiation in lung transplant recipients.
Keywords: carbapenem-resistantPseudomonas aeruginosa, ceftazidime/avibactam, lung transplantation, infection, efficacy, mortality

Introduction

Lung transplantation is currently the only therapeutic option for selected patients with end-stage pulmonary disease.’
Although survival among patients with lung transplantation has been improved over time,” the long-term survival after
transplantation is limited.> It was reported that the 5-year survival after transplantation was about 60% worldwide.>
Notably, within the first year after transplantation, infection is one of the two leading causes of death.*®’

Unlike other common organ transplants, lung transplant has a high risk of infection because the lung allograft as an
essential component of airway is in direct contact with environment outside, leading to the invasion of microorganisms.
Besides, transplantation recipients are exposed to risk factors of infection, including the use of immunosuppressive
agents, such as tacrolimus, more invasive operations, and prolonged ICU stay.®’ Therefore, the incidence of infection
and colonization after lung transplantation increased, including a variety of multidrug-resistant (MDR) bacterial infec-

tions. It was reported that infections were frequent with high incidence among 2761 recipients of solid organ transplant

Infection and Drug Resistance 2023:16 2237-2246 2237
Received: 7 February 2023 © 2023 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati li /by-nc/3.0/). By accessing the work

Accepted: 5 April 2023
Published: 15 April 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0842-2254
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chen et al Dove

(SOT), and bacteria predominated, including Enterobacteriaceae, Pseudomonas aeruginosa (PA), and Enterococcus
spp.'® Importantly, P aeruginosa was the major bacterial pathogens identified in proven infections of lung
transplant.'’ Almost 50% of P. aeruginosa bloodstream infections were caused by MDR strains.® In a prospective
observational study of Spain, among P. aeruginosa bacteremia of SOT recipients, 63% of bacteremia caused by
extensively drug-resistant (XDR) P. aeruginosa.'' Meanwhile, in transplant recipients, the incidence of infections caused
by MDR/XDR P. aeruginosa was higher than in the general population.®'*'? Notably, MDR P. aeruginosa infection was
related with high mortality in case of bacteremia among SOT recipients.'"'*!> Although carbapenems are considered as
the drugs of choice for severe P. aeruginosa infections caused by MDR-producing cephalosporinase AmpC or extended-
spectrum B-lactamases,'® the prevalence of carbapenem-resistant P aeruginosa (CRPA) has risen in recent years.'’ The
World Health Organization (WHO) ranked CRPA as the critical-priority bacterium,'® which posed a global threat to
public health. Thus, a therapeutic approach to eradicate CRPA pathogens must be explored and developed.

CAZ/AVI1 is a new B-lactam/B-lactamase inhibitor, which has been approved by FDA for the treatment of complicated
urinary tract infections, complicated intra-abdominal infections, hospital-acquired pneumonia, and infections caused by
Gram-negative organisms in patients with limited treatment options.'*** Available studies had reported the efficacy and
safety of CAZ/AVI for refractory P. aeruginosa infection,”' > but there is rather limited evidence in lung transplant
patients. Thus, the purpose of this study was to investigate the therapeutic efficacy of CAZ/AVI against CRPA infection
in lung transplant cases.

Materials and Methods
Study Population

This retrospective, single-center, observational study was conducted at a tertiary hospital with 3500 beds in Hangzhou,
Zhejiang Province, China. Lung transplant recipients with carbapenem-resistant Pseudomonas aeruginosa infections
were enrolled from February 2020 to May 2022. The inclusion criteria of study were as follows: LT recipients with age >
18 years old, a documented CRPA infection, and CAZ/AVI treatment more than 72 hours. The exclusion criteria were:
incomplete clinical data, contamination of culture samples, colonization, multiple bacterial infections, and severe fungal
infections. During the study period, CAZ/AVI was administered for CRPA infection at recommended dosage according to
the guidelines. The lung transplantation recipients received immunosuppressive drugs including tacrolimus (or cyclos-
porin A), mycophenolate mofetil (MMF), and corticosteroid.” This study was approved by the Research Ethics
Committee of the Second Affiliated Hospital of Zhejiang University (approval number: 2022-0054) and was in
accordance with the Declaration of Helsinki. The informed consent was waived due to the anonymous and retrospective
nature of this study. All lungs were donated voluntarily with written informed consent, and organ donations and
transplantations were conducted in accordance with the Declaration of Istanbul.

Data Collection

Demographic and clinical data of patients were collected from electronic medical record system. Baseline characteristics
included age, sex, BMI, primary pulmonary disease, and comorbidities. The degree of comorbidity was quantified using
the Charlson Comorbidity Index (CCI). The severity of illness was accessed by Acute Physiology and Chronic Health
Evaluation II (APACHE II) and the Sequential Organ Failure Assessment (SOFA). Therapeutic variables included the
treatment course, time to initiation of therapy, monotherapy or combined therapy, and antibiotics regimens. Other
variables consisted of tracheotomy, continuous renal replacement therapy (CRRT), septic shock, and the length of ICU
stay and hospitalization. The primary outcomes were the 14-day and 30-day mortality. The secondary outcomes were
clinical cure and microbiological cure. In addition, the results of antimicrobial susceptibility testing were collected.

Definition

The definition of sepsis shock was according to the Third International Consensus Definitions For Sepsis and Sepsis
shock (sepsis-3).° Pulmonary infection was identified on the basis of the standard definitions approved by The
International Society for Heart and Lung Transplantation (ISHLT).?” Colonization was defined as positive microbiologic
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culture in patients with no symptoms and signs associated with infection.”” Combined therapy referred to the treatment of
two or more antibiotics for infection. The 14-day and 30-day mortality referred to deaths occurring within 14 and 30 days
after the onset of infection, respectively. Clinical cure was defined as the resolution of clinical symptoms and signs as
well as the laboratory index related with infection within 14 days from the initiation of CAZ/AVI treatment.”®
Microbiological cure was considered as a negative culture of sample following > 7 days of CAZ/AVI treatment.”’
Infection relapse was identified when a second microbiologically documented CRPA infection occurred in a patient
whose initial infection was categorized as clinical cure.

Microbiology

Microorganism identification was performed with the VITEK system (bioMérieux, Marcy I’Etoile, France), and
antimicrobial susceptibility testing was performed and interpreted in accordance with the Clinical and Laboratory
Standards Institute (CLSI) standards.’® The minimum inhibitory concentration (MIC) resistance breakpoints for the
tested antimicrobial agents to PA isolates were on basis of the criteria of CLSI.

Statistical Analysis

Continuous variables with normal distribution were expressed as the mean and standard deviation, otherwise they were
described by median and interquartile range (IQR). Categorical variables were represented by frequency and percentage.
The differences of variables between groups were assessed by the Chi-square test for categorical variables, and Mann—
Whitney U-test for continuous variables. Statistical analysis was performed in IBM SPSS Statistics v.25.0.

Results

Baseline Characteristics

During the period of study, a total of 15 recipients with CRPA infection treated with CAZ/AVI were enrolled among 183 LT
recipients (Figure 1). The baseline and clinical characteristics of eligible patients are shown in Table 1. The mean age of the
recipients was 54 years and 73.3% (11/15) were male. The primary pulmonary diseases of the recipients included interstitial
lung disease (ILD) (n=9, 60%), chronic obstructive pulmonary disease (COPD) (n=1, 6.7%), bronchiectasis (n=1, 6.7%), and

Lung transplant recipients

(n=183)
KAge <18 (n=8) \
No documented CRPA infection (n=109)
Without CAZ/AVI treatment or CAZ/AVI

treatment <72h (n=18)

Severe fungal infections (n=1)
Wultiple bacterial infections (n=32) J

Eligible patients
(n=15)

Figure | The flowchart of cohort.
Abbreviations: CRPA, carbapenem-resistantPseudomonas aeruginosa; CAZ/AVI, ceftazidime/avibactam.
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Table | Baseline Characteristics of Lung Transplant Recipients
Treated with Ceftazidime/Avibactam for CRPA Infections

Characteristics CAZ/AVI (n=15)
Sex, male Il (73.3%)
Age (years) 54.33+£11.90
BMI 20.50%4.19
Native pulmonary disease
Interstitial lung disease 9 (60.0%)
COPD 1 (6.7%)
Bronchiectasis 1 (6.7%)
Others 4 (26.7%)
Type of transplant
Bilateral 12 (80.0%)
Single 3 (20.0%)
Ccl 2 (1-3)
aCcCl 3.13£1.85
Comorbidities
Cardiovascular disease 6 (40.0%)
Chronic liver disease 1 (6.7%)
Diabetes 3 (20.0%)
Hypertension 2 (13.3%)
Solid tumor 3 (20.0%)
Hematological malignancy 1 (6.7%)
Tracheotomy 5 (33.3%)
CRRT 6 (40.0%)
Septic shock 4 (26.7%)
Time from LT to infection occurrence 4 (2-15)
APACHE Il score 13.47+3.31
SOFA score 9.2+3.88

Note: Data are expressed as number (%) or mean + SD or median (IQR).
Abbreviations: CRPA, carbapenem-resistant Pseudomonas aeruginosa; CAZ/AVI, cef-
tazidime/avibactam; COPD, chronic obstructive pulmonary disease; CCl, Charlson
Comorbidity Index; aCCl, age-adjusted Charlson Comorbidity Index; CRRT, contin-
uous renal replacement therapy; LT, lung transplant; APACHE I, Acute Physiology and
Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment.

others (n=4, 26.7%). Bilateral LT was performed in 12 recipients (80%), with single LT conducted in 3 recipients (20%). The
median CCI score was 2 (IQR, 1-3) and the age-adjusted Charlson Comorbidity Index (aCCI) score was 3.13+1.85. The
concurrent underlying diseases in recipients included cardiovascular disease (n=6, 40%), chronic liver disease (n=1, 6.7%),
diabetes (n=3, 20%), hypertension (n=2, 13.3%), solid tumor (n=3, 20%), and hematological malignancy (n=1, 6.7%). There
were five patients (33.3%) with tracheotomy and six patients (40%) undergoing CRRT. Besides, the source of infection in all
recipients was pulmonary infection, meanwhile four recipients (26.7%) were presented with septic shock. The median time from
LT to infection occurrence was 4 (IQR, 2—15). The SOFA and APACHE 1I scores were 9.2+3.88 and 13.47+3.31, respectively.

According to the results of antimicrobial susceptibility testing (Table S1), all isolates were resistant to meropenem and
imipenem. Most isolates were in vitro resistant to ceftazidime, cefepime, cefoperazone/sulbactam, ticarcillin/clavulanic acid,
piperacillin/tazobactam, ciprofloxacin and levofloxacin, with susceptibility rates of 7.1% to 20%. Furthermore, more isolates
showed high in vitro susceptibility to amikacin (80%), tobramycin (92.9%) and colistin (100%).

Treatment Characteristics

The characteristics of antibiotics therapy in CRPA infection recipients are displayed in Table 2. There were several
antibiotics prescribed prior to CAZ/AVI treatment, including carbapenems (n=5), cefoperazone/sulbactam (n=4), poly-
myxins (n=3) and other antibiotics. The median time from infection onset to initiation of CAZ/AVI treatment was 4 days
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Table 2 Treatment Characteristics of Ceftazidime/Avibactam in CRPA
Infection Recipients After Lung Transplantation

Variables CAZ/AVI (n=15)
Antibiotics prior to CAZ/AVI treatment
Carbapenems 5 (33.3%)
Cefoperazone/sulbactam 4 (26.7%)
Polymyxins 3 (20.0%)
Piperacillin/tazobactam 2 (13.3%)
Quinolones I (6.7%)
Ceftazidime | (6.7%)
CAZ/AVI treatment
Time from infection onset to CAZ/AVI Initiation 4 (3-7)
Duration of CAZ/AVI 10.73+6.63
Monotherapy 12 (80.0%)
Combination therapy 3 (20.0%)
Polymyxins 2 (13.3%)
Quinolones 2 (13.3%)
Carbapenems | (6.7%)
Aminoglycosides | (6.7%)

Note: Data are expressed as number (%) or mean * SD or median (IQR).
Abbreviations: CRPA, carbapenem-resistant Pseudomonas aeruginosa; CAZ/AVI, ceftazidime/
avibactam.

(IQR, 3-7). The mean duration of CAZ/AVI treatment was 10 days. CAZ/AVI was administered as monotherapy in 12
recipients (80%) and as combined therapy in 3 recipients (20%). The antibiotics involved in combination regimens of
CAZ/AVI were polymyxins (n=2), quinolones (n=2), carbapenems (n=1) and aminoglycosides (n=1).

Outcomes

Among the 15 CRPA recipients with CAZ/AVI treatment, the primary outcome of 14-day mortality was 6.7%, and 30-
day mortality was 13.3% with the fact that one recipient died of septic shock and one recipient died due to cardiogenic
shock. The survival curve of 15 recipients was displayed in Figure 2. Besides, the clinical cure and microbiological cure
rates of CAZ/AVI therapy were 53.3% and 60%, respectively. The recurrence episode happened in three recipients

Survival curve
100+
80
60

40+

Percent survival (%)

20

Time (days)

Figure 2 Survival curve of lung transplant recipients treated with ceftazidime/avibactam for CRPA infections.
Abbreviation: CRPA, carbapenem-resistantPseudomonas aeruginosa.
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(20%). In addition, the mean length of ICU stay was 24 days, together with 35 days of mean length of hospital stay.
Details of the treatment for CRPA infection in LT recipients are listed in Table 3.

Table 4 shows the comparison between microbiological cure and failure in lung transplant recipients treated with
ceftazidime/avibactam for CRPA infections. There were statistically significant differences for these variables, including

Table 3 Outcomes of CAZ/AVI Treatment in Lung
Transplant Recipients Infected with CRPA

Variables CAZ/AVI (n=15)
14-day mortality 1 (6.7%)

30-day mortality 2 (13.3%)

Clinical cure 8 (53.3%)
Microbiological cure 9 (60.0%)

Infection relapse 3 (20.0%)

The length of ICU stay 24.67+19.01

The length of hospital stay 35.87+£14.79

Note: Data are expressed as number (%) or mean * SD.
Abbreviations: CRPA, carbapenem-resistant Pseudomonas aeruginosa;
CAZ/AVI, ceftazidime/avibactam.

Table 4 Comparison of Characteristics Between Microbiological Cure and Failure in Lung Transplant Recipients Treated with
Ceftazidime/Avibactam for CRPA Infections

Characteristics Microbiological Cure (n=9) Microbiological Failure (n=6) P value
Sex, male 7 (77.8%) 4 (66.7%) |
Age (years) 56.56x11.53 51%12.70 0.328
BMI 19.97+3.36 21.31%5.46 0.689
Native pulmonary disease

Interstitial lung disease 6 (66.7%) 3 (50.0%) 0.622

COPD I (11.1%) 0 (0.0%) |

Bronchiectasis I (11.1%) 0 (0.0%) |

Others I (11.1%) 3 (50.0%) 0.235
Type of transplant

Bilateral 7 (77.8%) 5 (83.3%) |

Single 2 (22.2%) I (16.7%) |
Cccl 2 (1-2.5) 2 (1-3) 0.776
aCcCl 3.22+2.05 3+1.67 0.864
Comorbidities

Cardiovascular disease 3 (33.3%) 3 (50.0%) 0.622

Chronic liver disease I (11.1%) 0 (0.0%) [

Diabetes 2 (22.2%) 1 (16.7%) |

Hypertension 1 (11.1%) 1 (16.7%) |

Solid tumor 2 (22.2%) 1 (16.7%) |

Hematological malignancy 0 (0.0%) 1 (16.7%) 0.400
Tracheotomy 0 (0.0%) 5 (83.3%) 0.002
CRRT 0 (0.0%) 6 (100.0%) 0.0002
Septic shock 0 (0.0%) 4 (66.7%) 0.011
Time from LT to infection occurrence 6 (1.5-105.5) 3.5 (2.5-9) 0.529
APACHE Il score 12.334£2.92 15.17£3.37 0.113
SOFA score 7.67£3.78 11.5+£2.95 0.036
Time from infection onset to CAZ/AVI Initiation 4 (2.5-10) 4 (2.75-5.5) 0.955

(Continued)
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Table 4 (Continued).

Characteristics Microbiological Cure (n=9) Microbiological Failure (n=6) P value
Duration of CAZ/AVI 9.11+4.54 13.17+8.84 0.529
Monotherapy 9 (100.0%) 3 (50.0%) 0.044
The length of ICU stay 12 (2.5-25) 47 (28.25-50.5) 0.012

Note: Data are expressed as number (%) or mean * SD.

Abbreviations: CRPA, carbapenem-resistant Pseudomonas aeruginosa; CAZ/AVI, ceftazidime/avibactam; COPD, chronic obstructive pulmonary disease; CCl,
Charlson Comorbidity Index; aCCl, age-adjusted Charlson Comorbidity Index; CRRT, continuous renal replacement therapy; APACHE II, Acute Physiology and
Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment.

tracheotomy, CRRT, septic shock, SOFA score, monotherapy, the length of ICU stay. Recipients in microbiological
failure group experienced a higher proportion of tracheotomy and CRRT, higher SOFA score, a lower proportion of
monotherapy, longer length of ICU stay, as well as more septic shock events.

Discussion

To our knowledge, this is the first study to evaluate the effectiveness of CAZ/AVI treatment for CRPA infection in lung
transplant recipients. Our results reported 14-day mortality, 30-day mortality, clinical cure and microbiological cure rates
of 6.7%, 13.3%, 53.3% and 60%, respectively, indicating the promising therapeutic efficacy of CAZ/AVI in the treatment
of CRPA pathogen.

In this single-center observational study, we reported that the primary outcomes of 14-day mortality and 30-day
mortality were 6.7% and 13.3%, respectively. It was in line with a previous retrospective cohort study of critically ill
patients with CRPA infection, which showed a low mortality rate at 14-day (5.9%) and 30-day (13.7%) in the CAZ/AVI
treatment group.”' Besides, Jorgensen et al reported that the 30-day mortality was 17.5% among the patients with CAZ/
AVI treatment for MDR-PA infection in their cohort,”? which was concordant with the data of our study. Consistently,
another study evaluating the potential efficacy of CAZ/AVI in MDR and XDR-PA infection, suggested the 30-day
mortality were 12.5%, along with clinical cure rate of 50%.%* It was observed in our cohort that clinical cure rate was
53.3%. In accordance with a retrospective cohort study conducted on MDR/XDR P. aeruginosa infection patients with
CAZ/AVI therapy, it reported that clinical cure rate was 54.1% at 14-day, and all-cause mortality was 13.1% at 30-day,
which was similar to the results of our study.”” However, a previous multicenter study including MDR Gram-negative
bacteria (GNB) (other than Carbapenem-Resistant Enterobacterales (CRE)) patients with CAZ/AVI therapy in Italy,
reported the clinical cure rate of 87.8% in MDR-PA patients.?* The discrepancy between previous studies and our study
might be due to the distinct research population and different conditions. Here, in our study, the population involved was
the recipient who received lung transplantation and was accompanied by the condition of immunocompromise.

Stone et al analyzed the clinical activity of CAZ/AVI against MDR-PA isolates pooled from the adult Phase III
clinical trials, and the data suggested that favorable microbiological response rate at test-of-cure (TOC) was 57.1% in 95
patients with MDR-PA infection.®’ Similarly, the microbiological cure in LT recipients with CRPA infection of our
cohort was 60%. Data from the China Antimicrobial Surveillance Network (CHINET) (www.chinets.com) revealed that
most of the 5572 CRPA isolates were susceptible to CAZ/AVI with a resistance rate of 13.9% in 2021. In addition,
a multi-center, muti-national surveillance program, named Enhancing Rational Antimicrobials against Carbapenem-
resistant P. aeruginosa (ERACE-PA) Global Surveillance Program, was established and had collected 807 CRPA
isolates.>® In vitro data indicated that, 72% of isolates was susceptible to CAZ/AVI in all isolates.’® Previous data also
supported the in vitro potency of CAZ/AVI against CRPA with 81% of isolates testing susceptible in a multicenter
assessment of 34 US hospitals.*® In view of these studies above, CAZ/AVI was demonstrated as active antimicrobials
with the potency against CRPA in vivo and vitro.

At present, available evidence regarding the efficacy of CAZ/AVI treatment in solid organ transplantation recipients
with MDR-GNB infection was limited. Considering the immunosuppressive drugs used for the prevention and therapy of

rejection event, immune function was impaired and the risk of infection was increased in SOT recipients.** In a single-
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center cohort of kidney transplantation with carbapenem-resistant Klebsiella pneumoniae (CRKP) infection, recipients in
the CAZ/AVI therapy group had better clinical outcomes than those in the other antibiotic regimens group, demonstrating
the effectiveness of CAZ/AVI.>> Moreover, another retrospective study evaluated the efficacy of CAZ/AVI in liver
transplant recipients with CRKP infection, and showed the clinical benefit of CAZ/AVI with promising results.*’ Besides,
patients who underwent lung transplantation with XDR-GNB infection were reviewed. The results indicated that CAZ/
AVI therapy was related with high rates of survival, clinical success, and safety in 10 recipients (9 CRKP infection and 1
CRPA infection).*® However, in lung transplant recipients, evidence concerning CAZ/AVI treatment for CRPA infection
is lacking. Accordingly, our study provided this critical information and revealed the efficacy of CAZ/AVI therapy for
CRPA infection in lung transplantation. In view of the current evidence that P. aeruginosa in respiratory samples was
correlated with worse outcomes, while P. aeruginosa eradication improved outcomes and maintained pulmonary function
in lung transplantation recipients,® here in our study, CAZ/AVI was considered as a promising choice for CRPA
eradication.

There were several limitations in this study. Firstly, the nature of this study was retrospective, observational and non-
comparative, hence, it existed limitations including the possible confounding factors in the study without control group.
Secondly, the number of patients enrolled in this single-center study is relatively small. Therefore, the study is
insufficient to make definitive conclusion about utility of CAZ/AVI treatment in LT recipients with CRPA infection. In
addition, there is a limitation that the drug susceptibility result to CAZ/AVI is lacking owing to the retrospective
characteristic and limited laboratory techniques. Larger-scale, multi-center, randomized controlled trials are warranted for
further validation in future research.

Conclusions

In conclusion, this retrospective observational study provided the evidence regarding effectiveness of CZA/AVI against
CRPA infection among lung transplant recipients, indicating that CAZ/AVI might be an alternative and promising option
in the fight of CRPA.
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