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a b s t r a c t 

This study describes the largest clinical experience using ceftolozane/tazobactam (C/T) for different

Pseudomonas aeruginosa infections. A retrospective study was performed at 22 hospitals in Italy (June

2016–March 2018). All adult patients treated with ≥4 days of C/T were enrolled. Successful clinical 

outcome was defined as complete resolution of clinical signs/symptoms related to P. aeruginosa infection

and lack of microbiological evidence of infection. C/T treatment was documented in 101 patients with

diverse infections, including nosocomial pneumonia (31.7%), acute bacterial skin and skin-structure

infection (20.8%), complicated UTI (13.9%), complicated IAI (12.9%), bone infection (8.9%) and primary

bacteraemia (5.9%). Over one-half of P. aeruginosa strains were XDR (50.5%), with 78.2% of isolates

resistant to at least one carbapenem. C/T was used as first-line therapy in 39 patients (38.6%). When

used as second-line or later, the most common reasons for discontinuation of previous antibiotics were

in vitro resistance of P. aeruginosa and clinical failure of previous therapy. Concomitant antibiotics were

reported in 35.6% of patients. C/T doses were 1.5 g q8h in 70 patients (69.3%) and 3 g q8h in 31 patients

(30.7%); median duration of C/T therapy was 14 days. Overall clinical success was 83.2%. Significant lower

success rates were observed in patients with sepsis or receiving continuous renal replacement therapy

(CRRT). Mild adverse events were reported in only three patients. C/T demonstrated a favourable safety

and tolerability profile regardless of the infection type. Clinicians should be aware of the risk of clinical

failure with C/T therapy in septic patients receiving CRRT.
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1. Introduction

Pseudomonas aeruginosa is a leading cause of nosocomial infec- 

tions, which are often severe [1,2] and difficult to treat because 

of their increasing resistance to several antibiotics, including car- 

bapenems [3–6] . There are limited therapeutic options for such in- 

etti); Tel.: + 39 0432 55 93 99, fax + 39 0432 55 93 71 (A. Vena). 

E-mail addresses: matteo.bassetti@asuiud.sanita.fvg.it (M. Bassetti),
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ections, and old antibiotics such as colistin, aminoglycosides or

osfomycin are frequently prescribed [7] . Clinical failure [8] , the
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M  

v  

t  
mergence of in vivo resistance [9] , superinfection and nephrotox-

city [10,11] represent the main limitations of currently available

rugs, leading to the search of new treatment options. 

Ceftolozane/tazobactam (C/T) is a novel β-lactam/ β-lactamase

nhibitor combination with potent activity against Gram-negative

acteria, particularly against P. aeruginosa for which it is the most

ctive available β-lactam antibiotic [5] . Although C/T has only been

pproved for the treatment of complicated urinary tract infec-

ions (cUTIs) and complicated intra-abdominal infections (cIAIs)

12,13] , it has become a suitable and attractive option for the treat-

ent of different infections caused by multidrug-resistant (MDR)

r extensively drug-resistant (XDR) P. aeruginosa [14] . In recent

ears clinical experience with C/T is accumulating and expanding,

ut only a limited number of cases series have been published

15–21] . 

A multicentre nationwide study was performed to report the

talian experience with C/T in the treatment of severe P. aerugi-

osa infections and to evaluate risk factors associated with clinical

ailure. 

. Materials and methods

.1. Study setting and design 

A multicentre, retrospective, real-world study of hospitalised

atients in 22 public hospitals in Italy who were treated for

. aeruginosa infections between June 2016 and March 2018

21-month period) was performed. Hospitals were located in 12

talian regions, namely Friuli Venezia Giulia, Veneto, Lombardia,

milia Romagna, Liguria, Toscana, Lazio, Abruzzo, Campania, Puglia,

alabria and Sicilia. The Internal Review Board of Medical Area

D.A.M.E) of the co-ordinating centre (Azienda Ospedaliera Univer-

itaria Integrata di Udine, Udine, Italy) approved this study. Be-

ause of its retrospective nature, informed consent was considered

nnecessary. 

Cases were eligible for the cohort study if the patient (i) was

ged ≥18 years, (ii) received ≥4 days of C/T (with or without

ther antibiotics) and (iii) had a culture-confirmed P. aeruginosa

nfection. 

.2. Data 

Patients’ medical records were retrospectively reviewed and

ata were collected using a pre-established form. The following

ata were recorded: age and sex; underlying diseases according

o Charlson comorbidity index [22] ; type of infection; presence of

epsis or septic shock at the time of the infection; susceptibility

attern of P. aeruginosa isolates; date of start and end of C/T ther-

py; source control of infection, when applicable; other antibiotics

dministered before, concomitant to and after C/T therapy; reasons

or C/T use; dosage(s) of C/T and length of therapy; adverse events

AEs); clinical outcome; and recurrence of infection. 

.3. General definitions 

Chronic renal disease was defined as the need of haemodial-

sis or the presence of renal impairment (serum creatinine > 1.5

g/dL) at the time of hospital admission. Diagnosis and classifi-

ation of infection were defined according to the criteria of the

S Centers for Disease Control and Prevention (CDC) [23] . Sepsis

nd septic shock were defined according to standard international

riteria [24] . Source control of infection was considered adequate

hen any additional measures were taken to control the focus

f the infection (i.e. removal of urinary catheter or intra-vascular

atheter as well as surgical or radiological drainage of collection). 
2

An infection was considered ‘life-threatening’ when a patient:

i) received C/T as rescue therapy because of clinical failure of a

revious antibiotic regimen; (ii) had septic shock at the time of

. aeruginosa infection; or (iii) required intensive care unit (ICU)

dmission at the time of P. aeruginosa infection. 

Recurrence was considered to have occurred if the infection

eappeared after antibiotic discontinuation. Mortality was at-

ributed to P. aeruginosa in patients who died with persistent

ositive culture for P. aeruginosa or with persistent signs or

ymptoms of Pseudomonas infection. 

Indications for C/T as well as dosage, type of infusion and du-

ation were established by infectious diseases specialists. C/T was

osed either as approved by the US Food and Drug Administra-

ion (FDA) and the European Medicines Agency (EMA) as an in-

ravenous (i.v.) dose of 1.5 g every 8 h (q8h) (standard dosage),

r as supported by recent pharmacokinetic data in patients with

osocomial pneumonia [25] as an i.v. dose of 3 g q8h (off-label

osage). Regardless of the dose administered, dose adjustment was

equired only for patients with moderate renal dysfunction (creati-

ine clearance < 50 mL/min). In patients receiving continuous renal

eplacement therapy (CRRT), C/T was administered at 1.5 g q8h as

uggested by recent pharmacokinetic studies [26,27] . 

AEs were classified according to World Health Organization

WHO) definitions [28] . Briefly, an AE was defined as severe when

he drug reaction determined death and/or led to prolonged hospi-

alisation or a new hospital admission and/or caused temporary or

ermanent inability to carry on normal activities. Mild AEs com-

rised all the reactions of minor clinical significance not included

n previous description. 

.4. Definition of patient outcome 

Patient outcome was assessed as success or failure at the end

f the follow-up period that ended at the end of April 2018. A

uccessful clinical outcome was defined as complete resolution of

linical signs and symptoms related to P. aeruginosa infection and

ack of microbiological evidence of infection. Clinical failure was

efined as either lack of clinical response and/or recurrence and/or

ttributable mortality due to P. aeruginosa infection. This defini-

ion was used in order to compare the data with clinical failure

ates reported in previous studies of C/T experience in daily clini-

al practice [20] . 

.5. Microbiological methods 

Cultures, identification of organisms and susceptibility testing

ere performed at each participating centre according to their

wn practise. Antimicrobial susceptibility was reported as inter-

reted by the local laboratories. The criteria for MDR, XDR or

andrug-resistant (PDR) P. aeruginosa was based on the standard-

zed international definition proposed by Magiorakos et al. [29] ;

arbapenem resistance was defined when an isolate showed an

mipenem and/or meropenem minimum inhibitory concentration 

MIC) of ≥8 mg/L [30] . 

Isolates were tested for susceptibility to C/T by Etest

Liofilmchem 

®, Roseto degli Abruzzi, Italy) and the results were

nterpreted according to the breakpoints proposed by the Clinical

nd Laboratory Standards Institute (CLSI) [30] . 

.6. Statistical analysis 

Continuous variables were compared using Student’s t -test and

ann–Whitney U -test for normally and non-normally distributed

ariables, respectively. The χ2 test or Fisher’s exact test was used

o compare categorical variables. All tests of statistical significance



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1

Baseline demographics and clinical characteristics of 101 patients included

in the efficacy population analysis

Variable n (%) a

Age (years) [median (IQR)] 67 (49–74)

Male sex 66 (65.3)

Ward

Medical 64 (63.4)

Surgical 21 (20.8)

ICU 16 (15.8)

Charlson comorbidity index (mean ± S.D.) 4.4 ± 4.0 

Underlying diseases

Cardiac disease 36 (35.6)

Neurological disease 33 (32.7)

Chronic renal disease 31 (30.7)

Diabetes mellitus 22 (21.8)

Gastrointestinal disease 21 (20.8)

Solid-organ tumour 17 (16.8)

Solid-organ transplant 11 (10.9)

Haematological malignancy 13 (12.9)

COPD 9 (8.9)

Bronchiectasis 6 (5.9)

Cystic fibrosis 8 (7.9)

Interstitial lung disease 7 (6.9)

Liver disease 2 (2.0)

Other predisposing conditions b

Corticosteroids 32 (31.7)

Other immunosuppressive therapy 21 (20.8)

Chemotherapy 12 (11.9)

Neutropenia c 11 (10.9)

Invasive procedures

Central venous catheter 63 (62.4)

Urinary catheter 57 (56.4)

Previous surgery b 41 (40.6)

Mechanical ventilation 19 (18.8)

Percutaneous endoscopic gastrostomy 9 (8.9)

Previous P. aeruginosa colonisation b 51 (50.5)

Severity of clinical presentation

No sepsis 62 (61.4)

Sepsis 27 (26.7)

Septic shock 12 (11.9)

ICU admission due to P. aeruginosa infection 24 (23.8)

Type of infection

Nosocomial pneumonia 32 (31.7)

ABSSSI 21 (20.8)

cUTI 14 (13.9)

cIAI 13 (12.9)

Bone infection 9 (8.9)

Primary bacteraemia 6 (5.9)

Other infections d 6 (5.9)

Concomitant P. aeruginosa bacteraemia 16 (15.8)

Life-threatening infection 57 (56.4)

Polymicrobial infection 36 (35.6)

Antibiotics before C/T treatment

Received antibiotics before C/T for current infection 62 (61.4)

No. of antibiotics received [median (range)] 1 (1–4)

Days of antibiotic therapy [median (range)] 8 (5–19)

C/T treatment

Combination therapy 36 (35.6)

Days of treatment [median (range)] 14 (9–23)

Extended infusion 14 (13.9)

Continuous infusion 5 (5.0)

Intermittent infusion 82 (81.2)

Standard dosage 70 (69.3)

Off-label dosage 31 (30.7)

Adequate source control of infection 27/41 (65.9)

Successful clinical outcome 84 (83.2)

IQR, interquartile range; ICU, intensive care unit; S.D., standard deviation;

COPD, chronic obstructive pulmonary disease; ABSSSI, acute bacterial skin

and skin-structure infection; cUTI, complicated urinary tract infection;

cIAI, complicated intra-abdominal infection; C/T, ceftolozane/tazobactam.
a Data are n (%) unless otherwise stated.
b Within previous 30 days.
c Absolute neutrophil count < 500/mm 

3 .
d Other infections include left ventricular assist device-specific infection

( n = 1), central venous catheter-related bacteraemia ( n = 1), deep brain 

stimulation hardware-related infection ( n = 1), pleural infection in patient 

with oesophageal fistula ( n = 1), acute proctitis ( n = 1) and community- 
were two-tailed. Differences were considered statistically signifi-

cant at a P -value of < 0.05. Statistical analysis was performed with

the software package PASW Statistics v.18.0 (SPSS Inc., Chicago, IL).

3. Results

A total of 101 patients treated with ≥4 days of C/T were

evaluated. The clinical characteristics of the patients are shown

in Table 1 . The median patient age was 67 years (interquartile

range 49–74 years) and 66 (65.3%) were male. Almost one-third

of the patients (30.7%) showed a chronic renal disease prior to

P. aeruginosa infection and, with the exception of seven cases,

all patients had at least one serious underlying disease with a

mean Charlson comorbidity index of 4.4. At the time of infection,

39 patients (38.6%) presented with sepsis or septic shock and 24

patients (23.8%) were admitted to the ICU owing to P. aeruginosa

infection. Overall, 57 patients (56.4%) were classified as having a

life-threating infection. 

Infections included nosocomial pneumonia (32/101; 31.7%),

acute bacterial skin and skin-structure infection (ABSSSI) (21/101;

20.8%), cUTI (14/101; 13.9%). cIAI (13/101; 12.9%), bone infection

(9/101; 8.9%) and primary bacteraemia (6/101; 5.9%). A secondary

bacteraemia was detected in 16 patients (15.8%). Among the 32

episodes of nosocomial pneumonia, 20 and 12 cases were classified

as hospital-acquired pneumonia and ventilator-associated pneumo-

nia, respectively. 

3.1. Microbiological data 

Information regarding susceptibility test results of the 101 P.

aeruginosa isolates at the outset of C/T treatment are shown in

Table 2 . Approximately 70% of the isolates were non-susceptible

to ceftazidime, ciprofloxacin, doripenem, levofloxacin, meropenem,

piperacillin/tazobactam (TZP) and imipenem/cilastatin. Moreover,

58 (57.4%), 51 (50.5%) and 48 (47.5%) were non-susceptible to to-

bramycin, gentamicin and amikacin, respectively. Colistin retained

in vitro activity against the majority of isolated strains, with a non-

susceptibility rate of only 2.0%. According to their susceptibility

profiles, 30 isolates (29.7%) were classified as non-MDR, 18 (17.8%)

as MDR, 51 (50.5%) as XDR and 2 (2.0%) as PDR. 

3.2. Antibiotic therapy and source control management 

Thirty-nine patients (38.6%) received C/T as first-line therapy

and 62 patients (61.4%) as second-line or later. The duration of

previous antibiotic treatment ranged from 5–19 days and the

most common classes of antibiotics used before the C/T regimen

was implemented were carbapenems (meropenem), β-lactam/ β-

lactamase inhibitor (TZP), colistin and aminoglycosides (data not

shown). The main reasons for administering C/T were in vitro re-

sistance of P. aeruginosa strains in 67 patients (66.3%) and failure

of previous therapy in 33 patients (32.7%). Interestingly, 17 patients

(16.8%) received C/T due to an acute kidney injury related to pre-

vious antibiotics. 

C/T was administered according to standard dosage in 70 pa-

tients (69.3%) for a mean ± standard deviation treatment duration

of 19 ± 16 days. The remaining group of 31 patients (30.7%) re-

ceived an off-label dosage for a mean duration of 16.7 ± 9.1 days.

Among the patients with nosocomial pneumonia, 21/32 (65.6%)

received an off-label dose, followed by 2/9 patients (22.2%) with

bone infection (1 of them had concomitant nosocomial pneumo-

nia without microbiological isolation) and 2/13 patients (15.4%)

with cIAI. An adjusted dose was required in 20 patients with renal

impairment. 

Concomitant antibiotics for the treatment of P. aeruginosa infec-

tion were used in 36 patients (35.6%). The most commonly used
 acquired pneumonia ( n = 1). 

3



Table 2

Antimicrobial susceptibility pattern of Pseudomonas

aeruginosa isolates

Antimicrobial agent n (%) non-susceptible

Amikacin 48 (47.5)

Cefepime 61 (60.4)

Ceftazidime 70 (69.3)

Ciprofloxacin 74 (73.1)

Colistin 2 (2.0)

Doripenem 76 (75.2)

Gentamicin 51 (50.5)

Fosfomycin 90 (89.1)

Levofloxacin 78 (77.2)

Meropenem 78 (77.2)

Piperacillin/tazobactam 78 (77.2)

Imipenem/cilastatin 76 (75.2)

Tobramycin 58 (57.4)
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o  
ntibiotics were aminoglycosides in 11 patients (10.9%), colistin in

0 patients (9.9) and carbapenems in 5 patients (5.0%). Source con-

rol of infection was considered necessary in 41 patients (40.6%)

nd in 27/41 cases (65.9%) it was considered adequate. 

.3. Clinical outcome 

Overall, 84 patients (83.2%) experienced a successful clinical

utcome at the end of treatment. There were no differences in

he clinical success rate with respect to the type of C/T treat-

ent, i.e. monotherapy versus combination therapy [83.1% (54/65)

s. 83.3% (30/36); P = 1] or primary versus second-line or later

herapy [79.5% (31/39) vs. 85.5% (53/62); P = 0.58] (Supplementary

ig. S1). Noteworthy, among the 53 patients with infections due to

DR or PDR P. aeruginosa strains, no decrease in clinical success

ate was found in comparison with patients with infections due

o non-MDR strains [81.1% (43/53) vs. 90.0% (27/30); P = 0.31)] or

DR strains [81.1% (43/53) vs. 77.8% (14/18); P = 1] (Supplemen-

ary Fig. S2). Similarly, there was no difference in clinical outcome

mong patients with infections due to carbapenem-susceptible and

arbapenem-resistant P. aeruginosa isolates [86.4% (19/22) vs. 82.3%

65/79); P = 0.71] (Supplementary Fig. S3). 

Fig. 1 shows clinical success rates according to different type of

nfections treated with C/T. The response rates to C/T therapy was

5.2% for the 27 patients receiving the drug for cUTI or cIAI (FDA

nd EMA approved indications for C/T) compared with 82.4% for

he other 74 patients who received the drug as off-label indications

 P = 1). Among the latter group, the highest success rate was ob-

erved for patients with primary bacteraemia (100%), followed by

BSSSI (90.5%), bone infection (88.9%) and nosocomial pneumonia

75.0%). 

Epidemiological and clinical characteristics of the 17 patients

ho experienced clinical failure are shown in the Supplementary

able S1. Clinical failure was due to death (five patients), per-

istence of clinical signs and symptoms related to P. aeruginosa

nfections despite C/T treatment (five patients) and recurrence of

he infection (seven patients). Among the latter group, the median

ime between the first episode and recurrence was 14 days (range

–42 days). 

When patients with clinical success were compared with those

ho experienced clinical failure, characteristics significantly more

ommon among patients with clinical failure were sepsis (22.6%

s. 47.1%; P = 0.05), CRRT (8.3% vs. 29.4%; P = 0.03) and polymicro-

ial infection (29.8% vs. 64.7%; P = 0.01) ( Table 3 ). By multivariate

nalysis, sepsis [odds ratio (OR) = 3.02, 95% confidence interval (CI)

.01–9.2; P = 0.05] and receipt of CRRT (OR = 4.5, 95% CI 1.18–17.39;

 = 0.02) were the only independent predictors of clinical failure. 

Overall, C/T resistance was detected in only 3 patients (3.0%),

f whom none had a fatal outcome. One patient developed C/T
4

esistance during a 7-day course of colistin and C/T combination

or nosocomial pneumonia (see patient number 16 in Supplemen-

ary Table S1). Because the isolate showed intermediate suscep-

ibility to meropenem, this patient’s treatment was switched to

igh-dose carbapenem and he recovered. In the remaining two pa-

ients, the emergence of C/T resistance led to airway colonisation

nd urinary tract colonisation, respectively. In these patients, C/T-

esistant strains emerged 8 days and 17 days after a treatment

ourse of C/T for nosocomial pneumonia and cUTI, respectively.

either patients received other treatment courses and both were

live during the follow-up period. We could not perform a risk fac-

or analysis for development of C/T resistance owing to the low

umber of strains developing. 

.4. Safety and tolerability 

The overall incidence of AEs considered by treating physicians

s related to C/T therapy was low, with at least one potential event

eported in only 3 (3.0%) of 101 patients. The time from starting

/T to AE onset varied widely from 5 days to 72 days. AEs con-

isted of gastrointestinal symptoms (i.e. nausea, abdominal pain

nd diarrhoea), rash and an asymptomatic increase in liver func-

ion test results. Among the three patients who experienced AEs,

ll were receiving C/T for other than FDA-approved indications,

wo with a standard approved dosage (one patient with left ven-

ricular assist device infection and one with bone infection) and

ne with a higher dosage (one patient treated for hospital-acquired

neumonia). All episodes were considered as mild in severity. De-

pite this, C/T was discontinued early in two of the three patients

one with increased serum liver function test and one with gas-

rointestinal symptoms). 

. Discussion

Here we present the largest clinical experience with C/T ther-

py for the treatment of serious P .aeruginosa infection published

o far. We showed that C/T is an effective and safe drug for treat-

ng different types of P. aeruginosa infection, including those with

ff-label indications. Of importance, clinical success was observed

n nearly 85% of the patients, notwithstanding the fact that almost

0% of the isolates were MDR or XDR. Importantly, this analysis

lso indicated that CRRT and sepsis are associated with a signifi-

antly increased risk of clinical failure. 

Pseudomonas aeruginosa represents a common cause of severe

ealthcare-associated infections [31] and its intrinsic resistance to

any antibiotics is a cause of concern [31–34] . In many coun-

ries, carbapenem resistance is detected in ca. 25–50% of P. aerug-

nosa strains and up to 50% of these isolates are classified as MDR

33–35] . In this scenario, colistin and/or aminoglycosides are the

nly antimicrobials retaining satisfactory activity, but they show

 high risk of nephrotoxicity [36,37] and resistance has been in-

reasingly reported [33–35] . For these reasons, use of highly effica-

ious and well-tolerated new options for the treatment of severe P.

eruginosa infections is of particular clinical interest. 

C/T is a new cephalosporin with potent in vitro activity against

. aeruginosa that is not affected by the most common mechanisms

f resistance, including efflux pumps, reduced uptake through

orin channels, and modifications of the penicillin-binding proteins

38,39] . Previous results [40,41] evaluating C/T for the treatment of

UTI and cIAI have demonstrated a high degree of clinical efficacy

nd tolerability of the drug, leading to an approval for the treat-

ent of complicated of cUTIs and cIAIs [12,13] . 

None the less, reflecting an unmet need for licensed treatment

ptions, C/T is currently frequently used for off-label indications,

nd data regarding how C/T performs overall in the treatment

f P. aeruginosa infections is expanding. Seven case series have
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Fig. 1. Clinical success rates according to type of Pseudomonas aeruginosa infection. ABSSSI, acute bacterial skin and skin-structure infection; cUTI, complicated urinary tract

infection; cIAI, complicated intra-abdominal infection.
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been published to date, with a cumulative success rate of 79.3%

[15–21] . Similar to these studies, an excellent clinical success (over-

all 83.2%), not influenced by the type of infection, was observed

in the current study. Indeed, the clinical success rates were 100%,

92.9%, 90.5% and 88.9% for treating primary bacteraemia, cUTI, AB-

SSSI and bone infection, respectively. Interestingly, the high clinical

success rate was also retained in patients who received C/T as sec-

ondary therapy (28/33; 84.8%) or salvage therapy (25/29; 86.2%) as

well as those with life-threatening infection (46/57; 80.7%). 

Regarding nosocomial pneumonia, the rate of clinical success

in patients treated with C/T varies from 50% in earlier studies

[15,16,20,21] to ca. 80% in more recent studies. In the present re-

port, the overall clinical success for nosocomial pneumonia treated

with C/T was 75%, which is consistent with that recently observed

by Escolà-Vergé et al. [17] . The differences in outcome reported in

previous studies are likely to be related to the widespread use of

a C/T dosage of 3 g q8h (in our experience 65.6% versus 42.7% re-

ported in previous reports [15,16,20,21] ), with a greater probability

to attain an adequate pharmacodynamic target in epithelial lung

fluid [25,42] . 

Risk factors for clinical failure during C/T therapy have been

investigated in only two previous studies including 21 and 38

patients, respectively [17,20] . These studies showed that higher

Simplified Acute Physiology Score (SAPS) II [20] and inadequate

source control [17] were associated with clinical failure in patients

receiving C/T for P. aeruginosa infections. The current study is the

first reporting an association between clinical failure and receipt

of CRRT during C/T therapy. Optimal dosing of C/T in patients

receiving CRRT is an unresolved issue and no dosing recommenda-

tions are currently available in this specific setting [14] . Previous

preliminary reports [26,27] suggested that a standard dosage of

1.5 g q8h should ensure appropriate C/T exposure for the treat-
5

ent of pneumonia in patients undergoing CRRT. However,

onsidering that all patients with CRRT in the current study

eceived a C/T dosage of 1.5 g q8h, we suggest to consider an

ncreased posology of C/T in these patients or, if available, to

outinely perform therapeutic drug monitoring. 

When used in the context of infection due to P. aeruginosa , se-

ection of C/T-resistant strains during and after C/T therapy is a

atter of concern. Specifically, of the 21 patients treated by Haidar

t al., 3 (14%) developed C/T resistance following a short course of

/T therapy (8 days) [20] . Previous studies demonstrated that the

n vitro selection of C/T-resistant P. aeruginosa strains was primarily

inked to mutations in or overexpression of the resident AmpC β-

actamase [43,44] . In the current study, the propensity for selection

f resistance was not an issue: only 3 (3.0%) of 101 patients devel-

ped C/T resistance, with only 1 presenting a recurrent infection. 

Consistent with previous reports [15–21] , no differences in clin-

cal response rates between patients treated with combination

herapy or monotherapy were observed in this study. However, fur-

her investigations are needed to address the potential role that a

ombination regimen could have in improving the outcome among

eptic patients or those receiving CRRT. 

In our experience, C/T had an excellent safety profile, similar to

hat reported in phase III trials. Mild AEs were observed in only

hree patients [40,41] . 

This study has several limitations that should be addressed.

irst, it was an observational, retrospective study; therefore, we

ay not have been able to control for all measured and unmea-

ured variables that may have had a clinical impact on patient

volution. Second, in many cases C/T was given as second- or

hird-line therapy and the role of prior therapy on clinical out-

ome is unclear. Third, susceptibility testing was performed at

ach individual centre and we do not have molecular analysis



Table 3

Univariate analysis of risk factors for clinical failure of ceftolozane/tazobactam (C/T) therapy among patients with

Pseudomonas aeruginosa infection

Variable n (%) a P -value

Clinical success ( n = 84) Clinical failure ( n = 17) 

Age (years) (mean ± S.D.) 61.3 ± 18.3 58.2 ± 16.7 0.51

Sex male 55 (65.5) 11 (64.7) 1

Charlson comorbidity index (mean ± S.D.) 4.5 ± 2.5 4.1 ± 2.2 0.50

Underlying diseases

Cardiac disease 29 (34.5) 7 (41.2) 0.59

Neurological disease 27 (32.1) 6 (35.3) 0.78

Chronic renal disease 25 (29.8) 6 (35.3) 0.77

Diabetes mellitus 17 (20.2) 5 (29.4) 0.51

Gastrointestinal disease 17 (20.2) 4 (23.5) 0.75

Solid-organ tumour 14 (16.7) 3 (17.6) 1

Solid-organ transplant 8 (9.5) 3 (17.6) 0.39

Haematological malignancy 11 (13.1) 2 (11.8) 1

COPD 6 (7.1) 3 (17.6) 0.17

Cystic fibrosis 5 (6.0) 3 (17.6) 0.13

Liver disease 2 (2.4) 0 1

Other predisposing conditions b

Corticosteroids 28 (33.3) 4 (23.5) 0.57

Other immunosuppressive therapy 17 (20.2) 4 (23.5) 0.74

Chemotherapy 11 (13.1) 1 (5.9) 0.68

Neutropenia c 9 (10.7) 2 (11.8) 1

Invasive procedures

Central venous catheter 50 (59.5) 13 (76.5) 0.27

Urinary catheter 44 (52.4) 13 (76.5) 0.10

Previous surgery b 32 (38.1) 9 (52.9) 0.28

Mechanical ventilation 15 (17.9) 4 (23.5) 0.73

Percutaneous endoscopic gastrostomy 7 (8.3) 2 (11.8) 0.64

Severity of clinical presentation

No sepsis 54 (64.3) 8 (47.1) 0.27

Sepsis 19 (22.6) 8 (47.1) 0.05

Septic shock 11 (13.1) 1 (5.9) 0.68

ICU admission due to P. aeruginosa infection 17 (20.2) 7 (41.2) 0.11

Polymicrobial infection 25 (29.8) 11 (64.7) 0.01

Off-label indication 61 (72.6) 13 (76.5) 1

Type of infection

Nosocomial pneumonia 24 (28.6) 8 (47.1) 0.15

ABSSSI 19 (22.6) 2 (11.8) 0.51

cUTI 13 (15.5) 1 (5.9) 0.45

cIAI 10 (11.9) 3 (17.6) 0.45

Bone infection 8 (9.5) 1 (5.9) 1

Primary bacteraemia 6 (7.1) 0 0.58

Other infections 4 (4.8) 2 (11.8) 0.26

Life-threatening infection 46 (54.8) 11 (64.7) 0.59

C/T treatment

Combination therapy 30 (35.7) 6 (35.3) 1

Days of treatment (mean ± S.D.) 18.3 ±13.7 18.3 ± 16.6 0.99

Standard dosage 61 (72.6) 9 (52.9) 0.14

Off-label dosage 23 (27.4) 8 (47.1) 0.14

Intermittent haemodialysis 5 (6.0) 1 (5.9) 1

CRRT 7 (8.3) 5 (29.4) 0.03

Adequate source control of the infection 23/33 (69.7) 4/8 (50.0) 0.59

S.D., standard deviation; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; ABSSSI, acute bac- 

terial skin and skin-structure infection; cUTI, complicated urinary tract infection; cIAI, complicated intra-abdominal

infection; CRRT, continuous renal replacement therapy.
a Data are n (%) unless otherwise stated.
b Within previous 30 days.
c Absolute neutrophil count < 500 mm 
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o determine the presence of enzymes associated with antibiotic

esistance in the isolates. Moreover, although colistin susceptibility

as reported for P. aeruginosa strains, in vitro polymyxin suscep-

ibility testing is influenced by several different factors and its

nterpretation could be challenging [45] . 

Fourth, we did not analyse antibiotic levels in the blood and

e cannot exclude that clinical failure in some patients could be

elated to the high renal creatinine clearance of β-lactams during

epsis [46–49] . 

Lastly, the findings in this study are limited by the inability to

erform a risk factor analysis for the development of in vivo C/T
6

esistance. Study strengths include the fact that it was carried out

n 22 medical centres, therefore the findings could be reasonably

pplied to other sites. 

In conclusion, the current study suggests that C/T has a rele-

ant role in the therapeutic armamentarium for treatment of dif-

erent P. aeruginosa infections. However, clinicians should be aware

f the risk of clinical failure with C/T therapy in septic patients re-

eiving CRRT. The results of this study are relevant to physicians in

ospital settings who attend patients with a wide variety of dis-

ases (bloodstream infections, nosocomial pneumonia) and sever-

ty of illness (medical, critically ill patients). 
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