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a b s t r a c t 

Objectives: To evaluate ceftazidime/avibactam (C/A) and ceftolozane/tazobactam (C/T) use in haemato- 

logical patients with febrile neutropenia receiving high-dose chemotherapy and haematopoietic stem cell 

transplantation (HSCT). 

Methods: A retrospective study was conducted to assess C/A and C/T efficacy through infection-related 

mortality (IRM) and bacteraemia clearance for carbapenem-resistant Gram-negative bacteria (CR-GNB) 

pre-engraftment blood-stream infections (PE-BSIs) between January–December 2018. 

Results: Seventy patients underwent allogeneic HSCT: C/A and C/T were dispensed in 13% and 3%, respec- 

tively. C/A was administered as definite therapy for carbapenem-resistant Klebsiella pneumoniae (CR- Kp ) 

PE-BSI in four carriers (bacteraemia clearance in 5 days), empirical therapy for a clinically documented 

infection in two patients (one carrier with pneumonia and one non-carrier with shock) and empirical 

therapy for fever of unknown origin in three CR- Kp carriers. C/T was administered as definite therapy 

for carbapenem-resistant Pseudomonas aeruginosa (CR- Pa ) intra-abdominal infection in one carrier and 

empirical therapy for a clinically documented infection (pneumonia) in one non-carrier. Among patients 

without PE-BSIs and with Gram-positive bacteria PE-BSIs, IRM was 0% at + 30 days; conversely, it was 

30% in GNB PE-BSIs (two CR- Kp and one CR- Pa C/T-resistant). Thirty-nine patients underwent autologous 

HSCT: C/A and C/T were administered, respectively, as definite therapy for CR- Kp PE-BSI in one carrier 

(bacteraemia clearance in 3 days) and for Pa PE-BSI (three strains, one CR- Pa ) in one non-carrier (bacter- 

aemia clearance in 2 days). Overall, IRM at + 30 days was 0%. 

Conclusions: Monitoring multidrug-resistant GNB colonisation enabled selection of carriers who benefit 

from prompt administration of new antibiotics, improving HSCT outcomes in a high-risk population. C/A 

and C/T were effective in bacteraemia clearance; unfortunately, multidrug-resistant GNB PE-BSIs were still 

a burden to IRM. 

© 2021 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
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. Introduction 

The increased prevalence of multidrug-resistant (MDR) Gram- 

egative bacteria (GNB) remains a worldwide public health issue, 

etermining high-rates of mortality especially in immunocompro- 

ised hosts [1] . 

GNB pre-engraftment blood-stream infections (PE-BSIs) are pre- 

ictive of increased mortality after autologous stem cell transplan- 

ation (ASCT) and allogeneic haematopoietic stem cell transplan- 
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Table 1 

Characteristics of study population §. 

Characteristics Number 

Patients characteristics 

Demographics 

• Patients, n °
• Episodes of treatment, n °
• Age, years, median (range) 
• Sex, M/F 
• Weight, kg, median (Q1-Q3) 

Underlyng disease 

• Myeloid malignancies 
• Lymphoid malignancies 
• Myeloproliferative malignancies 
• Other 

126 

164 

56 (22-76) 

81/45 

74 (61-84) 

53 

63 

4 

6 

Episodes characteristics 

Disease treatment 

High-dose CT 

• I line 
• Salvage/reinduction 

ASCT 

Allo-HSCT 

• MRD 

• Haplo 
• MUD 

• CB 

50 

28 

22 

44 

70 

12 

23 

33 

2 

Abbreviations: High-dose CT = chemotherapy; ASCT = autologous stem cell 

transplant; Allo-HSCT = allogeneic hematopoietic stem cell transplantation; 

MRD = HLA-matched related donor; Haplo = haploidentical donor; MUD = 

HLA-matched unrelated donor; CB = cord blood. 

§The analysis was conducted on 126 consecutive adults, reporting data on 

164 episodes during different phase of their disease treatment, since some 

patients received more than one anti-cancer treatment (episode) during the 

study period. 
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ation (allo-HSCT); a history of previous infections or colonisa- 

ion by MDR-GNB represents a major predictor of GNB PE-BSIs 

 2 , 3 ]. A retrospective Italian study by Girmenia et al. showed that

arbapenem-resistant (CR) Klebsiella pneumoniae ( Kp ) carriers who 

nderwent ASCT and allo-HSCT developed CR- Kp BSI in 26% and 

9% of cases, respectively, and mortality at 90 days in the two 

ubgroups was 16% and 70% [4] . The management of such infec- 

ions is challenging, given the need to provide prompt appropri- 

te therapy to improve patient outcomes, while limiting antibiotics 

veruse and consequent spread of antimicrobial resistance. Empir- 

cal therapy for CR Enterobacteriaceae (CRE) should be driven by 

 patient’s risk stratification for developing CRE infection and risk 

actors of poor outcome [5] . 

Ceftazidime/avibactam (C/A) and ceftolozane/tazobactam (C/T) 

re novel antibiotics against CRE and CR Pseudomonas aeruginosa 

CR- Pa ). C/A and C/T have improved survival in MDR-GNB infec- 

ions [6–9] but resistance has already been reported [10] . C/A in a 

aematological setting seems promising, even if few haematolog- 

cal patients have been included in the published studies ( < 15%) 

 7 , 9–11 ]. Among haematological patients with microbiologically- 

ocumented Pa infections, C/T treatment obtained clinical success 

n a case series of six patients (50% BSI, 100% CR- Pa , 83% clinical

uccess) and reduced 30-day mortality in a case-control study (19 

ases treated with C/T, 38 controls, 33% BSI, 78% CR- Pa ), where the 

ajority of cases (16/19) received C/T as escalation therapy (nine 

ntimicrobial resistance, four clinical failure, three toxicity) [12–

3] . While data on C/A and C/T use as definite therapy of MDR- 

NB infections are already promising, their real-life role in empir- 

cal therapy of febrile neutropenia has yet to be defined. 

This study reports experience with C/A and C/T in high-risk 

atients treated at the Haematology and Bone Marrow Trans- 

lant Unit of San Raffaele Scientific Institute, with the purpose of 

nalysing the type of indication that led to their use and their ef- 

cacy. 

. Materials and methods 

A retrospective analysis of 126 consecutive adults mainly af- 

ected by high-risk haematological diseases treated at the current 

ospital was conducted between January and December 2018. Pa- 

ients were treated following good clinical practice and institu- 

ional programs upon written informed consent for chemother- 

py and/or transplant procedures and for use of medical records 

or research; all data were used anonymously. Among patients 

reated with C/A, two received the drug for compassionate use be- 

ore marketing, after obtaining Ethical Committee approval and the 

atients’ informed consent. Patients were categorised into three 

roups: high-dose chemotherapy, ASCT and allo-HSCT. All patients 

eceived levofloxacin prophylaxis and weekly active surveillance 

or MDR-GNB colonisation by rectal swab. 

Cultures for isolation of CR-GNB were performed on MacConkey 

gar plates containing a 10 μg disk of carbapenem. After 24–48 

ours of incubation, colonies growing close to the disk were col- 

ected and antimicrobial sensitivity testing was performed by au- 

omated microdilution using Vitek-2 AST-GN202 card (replaced by 

ST-GN379 card from June 2018). The modified Hodge test was 

sed to detect carbapenemase activity and the synergy between 

henylboronic acid and carbapenems in combined disk tests was 

sed to detect Klebsiella pneumoniae carbapenemase. Antimicro- 

ial susceptibility testing was confirmed by broth microdilution 

ensititre system and MICs values were interpreted according to 

UCAST clinical breakpoints. C/A susceptibility was initially tested 

ith Kirby-Bauer disk diffusion; both C/A and C/T susceptibilities 

ere then assessed with the Etest method. It was decided to use 

/A or C/T for microbiologically documented infection (MDI) sus- 

ained by CR-GNB. 
2 
The use of these compounds for febrile neutropenia (FN) in 

DR-GNB carriers was implemented as first-line empirical therapy 

n case of severe clinical presentation and upon physician’s eval- 

ation in case of uncomplicated presentation (first-line empirical 

herapy or escalation therapy in case of fever persistence). A de- 

scalation approach, also feasible in a high-risk haematological set- 

ing [14] , was used according to microbiological results and clinical 

ourse. In non-carriers, escalation to C/T or C/A as second/third- 

ine treatment was restricted to clinically documented infection 

CDI) with unfavourable course. 

The primary objective was to analyse the use of C/A and C/T 

ccording to the type of indication as follows: definite therapy 

or MDI, empirical therapy for CDI and empirical therapy for FN. 

fficacy was assessed through bacteraemia clearance in case of 

R-GNB PE-BSI and infection-related mortality (IRM). The sec- 

nd was to evaluate the incidence of PE-BSIs. PE-BSI was de- 

ned as isolation of a pathogen from one of more blood cul- 

ure (except for skin contaminants) during aplasia. IRM, calculated 

ith Gray’s method [15] , was defined as time from chemother- 

py/transplantation to death by an infectious cause, without re- 

apse/recurrence and other chemotherapy/transplant-related com- 

lications as competing events. Day 0 was the date of beginning 

hemotherapy or transplantation. 

. Results 

Patients’ characteristics are reported in Table 1 . 
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.1. High-dose chemotherapy 

In 2018, 50 high-dose chemotherapy cycles were performed for 

4 patients. After chemotherapy started, three patients (9%) ac- 

uired MDR-GNB colonisation: two CR- Kp and one CR- Pa . The first 

atient colonised by CR- Kp first received C/A as empirical ther- 

py for FN after induction chemotherapy and subsequently as def- 

nite therapy for MDI ( Kp PE-BSI) after consolidation chemother- 

py; the second patient received C/A as empirical therapy for 

DI (ileo-colitis) after consolidation chemotherapy. The patient 

olonised by CR- Pa received C/T as definite therapy for MDI (pneu- 

onia) after induction chemotherapy. Among non-carriers, no pa- 

ient received C/A or C/T. PE-BSIs occurred in nine of 31 (29%) 

on-carriers, sustained by Escherichia coli (four of nine; zero of 

our ESBL-producers), Enterococcus spp. (four of nine; one of four 

ancomycin-resistant enterococcus) and Streptococcus mitis (one of 

ine). Overall, IRM at day 30 was 0%. Finally, two of 34 (6%) and

6 of 34 (47%) patients were then eligible for ASCT and allo-HSCT, 

espectively. All patients who acquired MDR-GNB colonisation after 

hemotherapy commencing were among those who received allo- 

SCT: two maintained colonisation before allo-HSCT (one CR- Kp , 

ne CR- Pa ), while the other CR- Kp carrier was no longer colonised

efore allo-HSCT. 

.2. Autologous stem cell transplantation 

Forty-four ASCT were performed in 39 patients in 2018. Two 

atients were colonised by MDR-GNB: one was colonised by CR- Kp 

efore ASCT and developed CR- Kp PE-BSI, receiving C/A with bac- 

eraemia clearance after 3 days. The second one acquired colonisa- 

ion by CR- Kp after ASCT without signs of infection. Among non- 

arriers, one patient was treated with C/T as definite therapy of 

DI (PE-BSI sustained by three strains of Pseudomonas aeruginosa , 

ne of them CR- Pa ) achieving bacteraemia clearance after 2 days; 

one received C/A. One other PE-BSI was recorded among non- 

arriers, sustained by ESBL Escherichia coli . Overall, IRM at day 30 

as 0%. 

.3. Allogeneic haematopoietic stem cell transplantation 

Seventy patients underwent allo-HSCT in 2018. Donors were: 

LA-matched related (n = 12), HLA-matched unrelated (n = 33), hap- 

oidentical (n = 23), and cord blood (n = 2). Graft source was 

nmanipulated peripheral blood stem cells, using myeloabla- 

ive treosulfan-based conditioning and post-transplant cyclophos- 

hamide and sirolimus as graft-versus-host-disease prophylaxis 

 16 , 17 ]. Overall, C/A and C/T were administered in nine (13%) and

wo (3%) patients, respectively, without adverse events. 

Before HSCT, eight of 70 (11%) patients were colonized by MDR- 

NB: five CR- Kp and three CR- Pa . All CR- Kp carriers received C/A

or uncomplicated FN before engraftment: two as first-line em- 

irical therapy, which then turned out to be CR- Kp PE-BSI (n = 1)

nd fever of unknown origin (FUO, n = 1); one as escalation for 

ersistent FN, which then turned out to be FUO; one as escala- 

ion for MDI (CR- Kp PE-BSI); and one as salvage therapy for recur- 

ent central line-associated CR- Kp PE-BSI. All three patients who 

eceived C/A as definite therapy for CR- Kp PE-BSI obtained bacter- 

emia clearance in a median time of 5 days. 

No CR- Pa carriers received C/T or C/A before engraftment. Two 

arriers were colonised by strains resistant to C/T. The first one 

eceived anti-CR- Pa combination therapy for uncomplicated FN as 

rst-line empirical therapy, which then turn out to be FUO (de- 

scalation after 7 days). The second one received anti-CR- Pa com- 

ination therapy as escalation for deterioration in septic shock, 

hich then turned out to be CR- Pa PE-BSI secondary to pneumonia 

death 5 days after CR- Pa PE-BSI onset). The third carrier, colonised 
3 
y a C/T-susceptible strain, received meropenem as empirical ther- 

py before engraftment for uncomplicated FN, which then turned 

ut to be FUO and C/T as definite therapy of MDI (intra-abdominal 

nfection) in the post-engraftment phase. After HSCT, a further 

ight of 62 (13%) recipients acquired colonisation: five CR- Kp , two 

R- Pa and one CR- Enterobacter cloacae . 

Among the CR- Kp carriers, one patient acquired colonisation 

efore engraftment, receiving C/A as first-line empirical therapy 

or uncomplicated FN, which then turned out to be CR- Kp PE-BSI, 

ith bacteraemia clearance after 5 days. The other four patients 

cquired colonisation in the post-engraftment phase: one received 

/A as third-line empirical therapy for pneumonia, another one as 

scalation for uncomplicated FN, which then turned out to be FUO, 

nd the remaining two patients did not develop infection signs. 

mong CR- Pa carriers, none received C/T or C/A: one died of re- 

apsing leukaemia and one is alive. Among non-carriers, one pa- 

ient received C/A and another one received C/T as third-line em- 

irical therapy for severe CDI that arose during carbapenem treat- 

ent in the post-engraftment phase. None of the non-carriers de- 

eloped CR-GNB PE-BSIs. 

Overall, 22 PE-BSIs episodes occurred in 21 patients: 10 of 22 

y GNB (four Escherichia coli , two of these were ESBL-producers; 

our Klebsiella pneumoniae , all were CR- Kp ; two Pseudomonas 

eruginosa , one was CR- Pa ); 12 of 22 by Gram-positive bacteria (10 

nterococcus spp., two coagulase-negative staphylococci). Among 

atients without PE-BSIs and with Gram-positive bacteria PE-BSIs, 

RM was 0% at day 30. Conversely, IRM was 30% (three of 10) in 

hose with GNB PE-BSIs (two cases reported in Table 2 , one case 

f CR- Pa PE-BSI attributable to mortality). Details about microbiol- 

gy, treatment and outcome of patients who received C/A and C/T 

re reported in Table 2 . 

. Discussion 

Although there has been an improvement in the management 

nd supportive care of haematological patients in the last decade, 

NB PE-BSIs and antimicrobial resistance still represent an un- 

et clinical need [ 2 , 18 ]. Different groups have suggested criteria to 

uide the choice of empirical therapy in MDR-GNB carriers, identi- 

ying risk factors for CRE infections and CRE-attributable mortal- 

ty [19–22] . These studies have mainly included critically ill pa- 

ients and patients who underwent major surgery; the proposed 

isk stratification is therefore applicable to febrile neutropenic pa- 

ients with severe clinical presentation, but it is of limited use- 

ulness for uncomplicated FN. Such a risk stratification approach 

eeds to be validated in several settings, including the haematolog- 

cal one, because the impact of MDR-GNB colonisation in patients 

ith haematological malignancies is probably different according 

o the type and phase of cancer treatment. 

Although retrospective, the current experience with C/A and 

/T outlines some critical points: 1) active surveillance of MDR- 

NB colonisation had a pivotal role both before transplantation 

nd engraftment, predicting PE-BSIs by the same pathogen; 2) 

sed as definite therapy for CR-GNB, PE-BSIs achieved bacteraemia 

learance, although day 30 IRM in the allo-HSCT setting was still 

urdened by CR-GNB PE-BSIs; 3) the pre-engraftment phase after 

SCT and allo-HSCT, also uncomplicated FN, was the setting that 

ost deserved use of first-line empirical therapy in carriers. 

In conclusion, the data support the leading role of C/A and C/T 

n the pharmacological armamentarium against MDR-GNB infec- 

ions; longitudinal monitoring of MDR-GNB colonisation enables 

election of carriers who may benefit from a prompt administra- 

ion of new antibiotics to improve the outcome of allo-HSCT pro- 

edure in a high-risk population. 



D. Clerici, C. Oltolini, R. Greco et al. International Journal of Antimicrobial Agents 57 (2021) 106335 

Table 2 

Clinical and microbiological details of ceftazidime/avibactam and ceftolozane/tazobactam use in haematological patients. 

Type of indication 

Age (years)/Sex 

Disease/Phase of cancer 

treatment MDRO 

colonization status 

Micro-organism Clinical 

sample(s) Type of 

infection/Onset Drugs and MICs (mg/L) 

Antibiotics choice Antibiotics; 

C/A or C/T dosage ° Duration 

Bacteraemia clearance or 

antibiotics de-escalation Clinical outcome 

Definite therapy of 

microbiologically 

documented 

infections 

CEFTAZIDIME/AVIBACTAM 

58/female 

AML/MMRD HSCT 

Pre-HSCT KPC- Kp 

carrier 

KPC- Kp 

Blood 

Primary PE-BSI/day-9 

after HSCT 

C/A susceptible ̂ , MEM 

8, TGC 4, CST < 0.5, 

FOF 32, GEN < 1 

1 st line empiric 

C/A + GEN; 2,5 g every 8 hour §

19 days (GEN stop, AKI) 

BC negative day-16 after HSCT 

Death in aplasia by 

IRM at day-28 after 

HSCT (p-IPA, HHV6 

encephalitis) 

23/male 

AML/MRD HSCT 

Pre-HSCT KPC- Kp 

carrier 

KPC- Kp 

Blood 

PE CLABSI/day-3 

before HSCT 

C/A susceptible ̂ , MEM 

> 64, TGC 0.5, CST > 8, 

GEN 2 

Salvage therapy (recurrent BSI) 

C/A + TGC + GEN aerosol; 2,5 g 

every 8 hour 

11 days 

BC negative day-2 after HSCT 

Death in aplasia by 

IRM at day-5 after 

HSCT (pneumonia) 

24/male 

Congenital 

neutropenia/MUD 

HSCT 

Pre-HSCT KPC- Kp 

carrier 

KPC- Kp 

Blood 

Primary PE-BSI/ day-9 

after HSCT 

C/A 6 ∗ , MEM > 64, TGC 

0.5, CST > 8, GEN > 4, 

FOF > 256 

Escalation (MDI) 

C/A + TGC; 2,5 g every 8 hour 

15 days 

BC negative day-12 after HSCT 

Cure 

Alive 11-months after 

HSCT 

75/male 

MDS/MMRD HSCT 

Post-HSCT KPC- Kp 

carrier 

KPC- Kp 

Blood 

Primary PE-BSI/ day-7 

after HSCT 

C/A 0.5 ∗ , MEM 16, TGC 

4, CST < 0.5, FOF < 16, 

GEN < 1 

1 st line empiric 

C/A + FOF; 1,25 g every 8 hour 

(AKI) 

20 days 

BC negative day-12 after HSCT 

Cure 

Alive 14-months after 

HSCT 

56/male 

NHL/ASCT 

Pre-ASCT KPC- Kp 

carrier 

KPC- Kp 

Blood 

Primary PE-BSI/ day-8 

after ASCT 

C/A 0.75 ∗ , MEM 16, 

TGC 1, CST < 0.5, GEN 

< 1 

1 st line empiric 

C/A + TGC + GEN; 2,5 g every 8 

hour 

10 days 

BC negative day-11 after ASCT 

Cure 

Alive 9-months after 

ASCT 

44/male 

ALL/consolidation CT 

KPC- Kp carrier 

Amp-C producer- Kp 

Blood, urine 

PE-BSI/ day-14 after 

consolidation CT 

PTZ 64, CAZ 0.25, CEF 

2, AMK 4, MEM 0.25 

1 st line empiric 

C/A + AMK; 2,5 g every 8 hour 

10 days 

BC not repeated 

Cure 

Eligible for HSCT 

Alive 11-months after 

HSCT 

CEFTOLOZANE/TAZOBACTAM 

64/male 

AML/induction CT 

Post-CT CR- Pa carrier 

CR- Pa not 

MBL-producer, P. 

jiroveci 

Bronco-alveolar lavage 

Pneumonia/day-26 

after induction CT 

C/T 1 ∗ , MEM > 16, FOF 

64, GEN < 1, CAZ 4 

Escalation (MDI) 

C/T + FOF; 3 g every 8 hour 

10 days 

NA 

Cure 

Eligible for CT 

Alive 14-months after 

HSCT 

59/male 

NHL/ASCT 

Not carrier 

CR- Pa not 

MBL-producer 

Blood 

Primary PE-BSI/ day-6 

after ASCT 

C/T 0.5 ∗ , CAZ 8, CST 

< 0.5, GEN 2, MEM 8 

Escalation (MDI) 

C/T + CST; 1,5 g every 8 hour 

10 days 

BC negative day-8 after ASCT 

Death by disease 

progression at 

4-months after ASCT 

64/male 

AML/MUD HSCT 

Pre-HSCT CR- Pa carrier 

CR- Pa not 

MBL-producer, E. 

faecium 

Abdominal drainage 

IAI/day-75 after HSCT 

C/T 1 ∗ , MEM 8, FOF 

> 128, CAZ 16, CST 0.5, 

GEN 2 

1 st line empiric 

C/T + CST + TGC; 1,5 g every 8 

hour 

14 days 

NA 

Cure 

Alive 14-months after 

HSCT 

Empirical therapy of 

clinically documented 

infections 

CEFTAZIDIME/AVIBACTAM 

67/male 

NHL/MMRD HSCT 

Post-HSCT CR- Kp 

carrier 

CR- Kp 

Rectal swab 

Pneumonia/day-172 

after HSCT 

C/A 4 ∗ , MEM 8, TGC 2, 

CST > 8, GEN < 1, FOF 

32 

3 rd line empiric 

C/A + TMP/SMX; 2,5 g every 8 

hour 

4 days 

NA 

Death at day-176 after 

HSCT by TRM (GVHD 

grade IV) 

37/female 

AML/MMRD HSCT 

Not carrier 

NA 

NA 

Septic shock/day-82 

after HSCT 

NA 3 rd line empiric 

C/A + TGC; 2,5 g every 8 hour 

5 days 

BC repeatedly negative 

Death at day-87 after 

HSCT by TRM (GVHD 

grade IV) 

35/female 

AML/consolidation CT 

OXA- Kp carrier 

OXA- Kp 

Rectal swab 

Ileo-colitis/day-17 

after CT 

C/A 0.5 ∗ , MEM 3, TGC 

3, GEN > 8, FOF 32, 

AMK < 1 

Escalation (persistent FN) 

C/A + AMK; 2,5 g every 8 hour 

5 days 

De-escalation to PTZ 

Eligible for HSCT 

Alive 11-months after 

HSCT 

CEFTOLOZANE/TAZOBACTAM 

58/female 

AML/MMRD HSCT 

Not carrier 

NA (GM and PCR 

Aspergillus positive on 

bronco-alveolar lavage) 

NA 

Pneumonia/day-60 

after HSCT 

NA 3 rd line empiric 

C/T; 3 g every 8 hour 

14 days 

NA 

Cure 

Alive 18-months after 

HSCT 

( continued on next page ) 

4 
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Table 2 ( continued ) 

Type of indication Age (years)/Sex 

Disease/Phase of cancer 

treatment MDRO 

colonization status 

Micro-organism Clinical 

sample(s) Type of 

infection/Onset 

Drugs and MICs (mg/L) Antibiotics choice Antibiotics; 

C/A or C/T dosage ° Duration 

Bacteraemia clearance or 

antibiotics de-escalation 

Clinical outcome 

Empirical therapy of 

febrile neutropenia 

CEFTAZIDIME/AVIBACTAM 

44/male 

ALL/induction CT 

KPC- Kp carrier 

KPC- Kp 

Rectal swab 

FN/day-17 after 

induction CT 

C/A 1.5 ∗ , MEM 16, TGC 

1, CST < 0.5, GEN < 1, 

FOF < 16 

Escalation (persistent FN) 

C/A + FOF + AMK; 2,5 g every 8 

hour 

10 days 

Discontinuation 

Eligible for CT 

Alive 11-months after 

HSCT 

64/male 

ALL/MUD HSCT 

Pre-HSCT KPC- Kp 

carrier 

KPC- Kp 

Rectal swab, urine 

FN/day-1 after HSCT 

C/A 0.25 ∗ , MEM > 32, 

TGC 0.5, CST < 0.5, 

GEN 4, FOF 64 

1 st line empiric 

C/A + GEN; 2,5 g every 8 hour 

12 days 

De-escalation to CAZ + TGC 

Alive 13-months after 

HSCT 

35/female 

AML/MMRD HSCT 

Pre-HSCT CR- Kp carrier 

CR- Kp 

Rectal swab 

FN/day-16 after HSCT 

C/A 0.5 ∗ , MEM 2, TGC 

1, CST < 0.5, GEN 2, 

AMK < 1 

Escalation (persistent FN) 

C/A + AMK; 2,5 g every 8 hour 

3 days 

De-escalation to MEM 

Alive 11-months after 

HSCT 

61/male 

AML/MUD HSCT 

Post-transplant KPC- Kp 

carrier 

KPC- Kp 

Rectal swab 

FN/day-78 after HSCT 

C/A 2 ∗ , MEM 16, TGC 

0.5, CST < 0.5, GEN < 1 

Escalation (persistent FN) 

C/A + TGC; 2,5 g every 8 hour 

5 days 

De-escalation to CAZ + TGC 

Alive 18-months after 

HSCT 

NA, not-applicable; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, mielo-dysplastic syndrome; NHL, non-Hodgkin lymphoma; MMRD, mis-matched 

related donor; MRD; matched-related donor; MUD, matched-unrelated donor; CBU, cord-blood unit; HSCT, hematopoietic stem cell transplantation; ASCT, autologous stem 

cell transplantation; CT, chemotherapy; FN, febrile neutropenia; TRM, transplant-related mortality; IRM, infection-related mortality; GVHD, graft-versus host disease; MDRO, 

multi-drug resistant organisms; MIC, minimal inhibitory concentration; CR, carbapenem-resistant; Kp , Klebsiella pneumoniae ; Pa , Pseudomonas aeruginosa ; KPC, Klebsiella 

pneumoniae carbapenemase; MBL, metallo beta-lactamase; OXA, oxacillinase; IAI, intra-abdominal infection; BC, blood cultures; PE-BSI, pre-engraftment blood-stream infec- 

tion; CLABSI, central-line associated blood-stream infection; GM, galacto-mannan; p-IPA, probable invasive pulmonary aspergillosis; HHV6, human herpes virus 6; AKI, acute 

kidney injury; MDI, microbiologically-documented infection; C/A, ceftazidime/avibactam; C/T, ceftolozane/tazobactam; MEM, meropenem; PTZ, piperacillin/tazobactam; CAZ, 

ceftazidime; CEF, cefepime; TMP/SMX, trimethoprim/sulfamethoxazole; LNZ, linezolid; TGC, tigecycline; AMK, amikacin ; CST, colistin; FOF, fosfomycin; GEN, gentamycin. 
° Every ceftazidime/avibactam and ceftolozane/tazobactam dose administration was done through 2-hour extended infusion. 
^ C/A susceptibility was tested by Kirby-Bauer disc diffusion (zone diameter of inhibition, mm); both KPC- Kp strains were subsequently tested for C/A susceptibility also 

with E-test, turning out to be susceptible (MIC value of 0.25 and 3 mg/L, respectively). 
∗ C/A or C/T susceptibility was tested by E-test (mg/L). 
§ Subsequent dosage reduction according to glomerular filtration rate for acute kidney injury. 
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