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Background: Onco-haematological patients with febrile neutropenia are at high risk of severe infections caused 
by multidrug-resistant pathogens. Continuous infusion (CI) of beta-lactams may improve pharmacokinetic/ 
pharmacodynamic (PK/PD) target attainment, yet evidence in this population remains limited. 

Objectives: To evaluate the likelihood of achieving an aggressive PK/PD target with CI beta-lactams during the 
first week of therapy in onco-haematological patients and to identify predictors of target non-attainment. 

Methods: This prospective observational study enrolled adult onco-haematological patients receiving CI beta- 
lactams for empirical or targeted treatment over a 1-year period. Steady-state plasma concentrations were 
measured between days 3 and 7. The aggressive PK/PD target was defined as a free steady-state concentra
tion-to-MIC (or clinical breakpoint) ratio ≥4; for beta-lactam/beta-lactamase inhibitor combinations, a joint 
PK/PD target was applied. Multivariate logistic regression analysis identified factors associated with target 
attainment. 

Results: A total of 256 patients were included, 82 of whom (32.1%) received targeted therapy. Aggressive PK/PD 
target attainment was achieved in 85.4% of patients undergoing targeted treatment, compared with 57.5% of 
those treated empirically. Target non-attainment occurred most frequently with piperacillin/tazobactam and 
ceftazidime/avibactam. Augmented renal clearance (OR 12.29, P < 0.001), male sex (OR 3.79, P < 0.001) and 
age <65 years (OR 2.40, P = 0.025) independently predicted target non-attainment, whereas targeted therapy 
and meropenem use were associated with a higher attainment. 

Conclusions: CI beta-lactams reliably achieve aggressive PK/PD targets during targeted therapy but not during 
empirical treatment in onco-haematological patients. Augmented renal clearance is a major determinant of 
underexposure, supporting the use of therapeutic drug monitoring to optimize dosing in this high-risk 
population.

© The Author(s) 2026. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Onco-haematological patients may be particularly vulnerable to 
bacterial infections because of severe immunosuppression.1,2

Febrile neutropenia (FN) is usually the first and often the only 
manifestation of a bacterial infection and needs prompt empiric
al treatment with an antipseudomonal beta-lactam for 

preventing the potential evolution to sepsis or septic shock.3,4

Current guidelines recommend piperacillin/tazobactam, cefe
pime or ceftazidime as first-line treatment. Meropenem is recom
mended in patients with known colonization or previous infection 
with extended spectrum cephalosporin resistant (ESCR) strains, 
in those with severe infections, or in centres with high 
prevalence of ESCR Enterobacterales.3,5–7 Unfortunately, the 
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selective pressure associated with the repeated antibiotic use 
and the prolonged hospitalizations of onco-haematological pa
tients may promote colonization of these patients by MDR patho
gens.1,2 In is worth noting that, in recent years, several 
carbapenem-resistant (CR) Gram-negatives emerged as major 
pathogens of FN episodes, namely CR-Enterobacterales such as 
KPC- or OXA-48-producing Klebsiella pneumoniae or Escherichia 
coli and CR-Pseudomonas aeruginosa.8,9 FN episodes occurring 
in onco-haematological patients carrying these CR pathogens 
are of particular clinical concern and require prompt adequate 
treatment, as the mortality rates associated with these infec
tions may be as high as 36%–58%.10,11 In these cases, inter
national guidelines recommend the use of beta-lactam/ 
beta-lactamase inhibitor combination (BL/BLIc) such as ceftazi
dime/avibactam, meropenem/vaborbactam or imipenem/rele
bactam against KPC-producing Enterobacterales, ceftazidime/ 
avibactam against OXA48-producing Enterobacterales 
and ceftolozane/tazobactam or ceftazidime/avibactam against 
MDR-Pseudomonas aeruginosa.7

All the aforementioned beta-lactams exhibit time- 
dependent antibacterial activity, and the conventional phar
macokinetic/pharmacodynamic (PK/PD) target associated 
with clinical efficacy is 40%–100% of time with concentra
tions persisting above the MIC of the pathogen.12

Consequently, the posology chosen in the clinical trials of 
each of these different agents was essentially developed for 
meeting this PK/PD target. However, it has been recently 
shown among critically ill patients having targeted treatment 
of Gram-negative infections that this conventional target of 
beta-lactams may not suffice either for maximizing clinical 
efficacy or for preventing resistance development associated 
with beta-lactam use.13,14 Specifically, a meta-analysis 
showed that attaining an aggressive PK/PD target (defined 
as 100% of time with concentrations persisting 4-fold above 
the MIC of the pathogen) granted a higher clinical cure rate 
(OR 1.69; 95% CI 1.15–2.49) and was more protective against 
the risk of beta-lactam resistance development than trad
itional beta-lactams (OR 0.06; 95% CI 0.01–0.29) when com
pared with the conventional target.13,14 Of note, delivering 
beta-lactams by continuous infusion (CI) may be worthwhile 
for maximizing the likelihood of aggressive PK/PD target 
attainment with beta-lactams under standard dosing regi
mens.15,16 Looking at the novel beta-lactams, a recent pre– 
post quasi-experimental study explored the impact of 
aggressive joint pharmacokinetic/pharmacodynamic target 
attainment with CI ceftazidime/avibactam on treatment out
come of KPC-producing Klebsiella pneumoniae infections 
and on ceftazidime/avibactam resistance development.17

Interestingly, it was shown in the post-intervention phase 
that attaining an aggressive joint PK/PD target was protective 
against 90-day resistance development to ceftazidime/avi
bactam (OR 0.07; 95% CI 0.01–0.69).17

On the basis of these assumptions, the aim of this prospective 
study was to assess the likelihood of aggressive PK/PD target at
tainment during the first week in a cohort of onco- 
haematological patients receiving empirical or targeted treat
ment of FN with CI of different beta-lactams, according to clinical 
needs, and to identify potential clinical factors affecting the 
attainment.

Methods
Study design
This prospective, monocentric, observational study was carried out be
tween January and December 2024 at the Clinic of Hematology of the 
IRCCS, Azienda Ospedaliero-Universitaria di Bologna, Italy. Enrolled pa
tients received empirical or targeted treatment of FN with different beta- 
lactams by CI, according to the clinical needs, and underwent therapeutic 
drug monitoring (TDM) during the first 7 days of treatment for assessing 
aggressive PK/PD target attainment or non-attainment.

FN was defined as an absolute neutrophil count (ANC) < 0.5 × 109/L or 
ANC < 1.0 × 109/L predicted to decline to ANC <0.5 × 109/L coupled with 
an oral temperature of >38°C on two consecutive measurements.18

Empirical treatment was usually based on an antipseudomonal beta- 
lactam monotherapy, started with a loading dose (LD) followed by a 
maintenance dose (MD) delivered by CI and adjusted by estimated glom
erular filtration rate (eGFR) [piperacillin/tazobactam (LD of 4.5 g followed 
by a MD of 18 g for eGFR >40 mL/min/1.73 m2, 13.5 g for eGFR between 
20 and 40 mL/min/1.73 m2 and 9 g daily for eGFR <20 mL/min/ 
1.73 m2) or ceftazidime (LD of 1 g and followed by a MD of 6 g for eGFR 
>50 mL/min/1.73 m2 or 3 g for eGFR ≤50 mL/min/1.73 m2)]. In case of 
known colonization or previous infection with ESCR strains therapy with 
CI meropenem after loading (LD of 1 g and followed by a MD of 1 g q8h 
over 8 h if eGFR >60 mL/min/1.73 m2 or 0.5 g q6h over 6 h if eGFR 
<60 mL/min/1.73 m2) is started.

In cases of rectal colonization with, previous infections with or of 
microbiological documented infections caused by CR pathogens, differ
ent novel beta-lactams were used on the basis of antimicrobial suscepti
bility testing [ceftolozane/tazobactam (LD of 2 g/1 g followed by a MD of 
6 g/3 g daily by CI if eGFR >50 mL/min/1.73 m2, 3 g/1.5 g daily by CI if 
eGFR between 30 and 50 mL/min/1.73 m2, 1.5 g/0.75 g daily by CI if 
eGFR 15–29 mL/min/1.73 m2 and 0.9 g/0.45 g daily by CI if eGFR 
<15 mL/min/1.73 m2), or ceftazidime/avibactam (LD of 2.5 g followed 
by a MD of 2.5 g q8h if eGFR >50 mL/min/1.73 m2, 1.25 g q8h over 8 h 
if eGFR between 31 and 50 mL/min/1.73 m2 and 0.625 g q8h over 8 h if 
eGFR <31 mL/min/1.73 m2) or meropenem/vaborbactam (LD of 2 g/2 g 
followed by a MD of 2 g/2 g q8h over 8 h if eGFR >50 mL/min/1.73 m2 

or 1 g/1 g q8h over 8 h if eGFR ≤50 mL/min/1.73 m2) or cefiderocol (LD 
of 2 g followed by a MD of 2 g q6h over 6 h if eGFR >120 mL/min/ 
1.73 m2, 2 g q8h over 8 h if eGFR between 60 and 120 mL/min/1.73 m2, 
1.5 g q8h over 8 h if eGFR 30–59 mL/min/1.73 m2, 1 g q8h over 8 h if 
eGFR 15–29 mL/min/1.73 m2)].

Generally, when central venous catheter-related infection was sus
pected, or on signs of skin and soft tissue infection, or a Gram-positive 
was isolated by blood cultures, an anti-Gram-positive therapy with 
vancomycin, daptomycin or linezolid was added.

Patients being at high risk of invasive fungal infections (IFIs) [namely, 
having at least one of the following: previous IFI in the last 2 years, 
>7 days of aplasia, a human leucocyte antigen (HLA)-matched unrelated 
donor (MUD), HSCT or an haploidentical HSCT with graft-versus-host dis
ease (GVHD)] received antifungal prophylaxis with an anti-mould drug, 
generally a triazole (e.g. posaconazole, voriconazole or isavuconazole).

All patients underwent one TDM instance of beta-lactam steady-state 
plasma concentration (Css) in the period between days 3 and 7, depend
ing on clinical feasibility. A peripheral venous blood sample (4 mL) was 
drawn and sent promptly to the laboratory. After centrifugation at 
3500 rpm for 5 min, plasma was separated and drug concentrations 
were analysed by means of validated LC-MS HPLC methods. A commer
cially available method (Chromsystems Instruments & Chemicals 
GmbH, Munich, Germany) validated in LC-MS was used for measuring 
piperacillin/tazobactam, meropenem and ceftazidime,19 whereas specifi
cal LC-MS validated methods were used for measuring ceftazidime/avi
bactam,20 ceftolozane/tazobactam,21 meropenem/vaborbactam22 and 
cefiderocol.23 Precision and accuracy were assessed by replicate analyses 
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of quality control samples against calibration standards. Intra- and inter- 
assay coefficients of variation were always <10%.

Only total plasma Css were measured and the free fractions (f ) were 
calculated considering a plasma protein binding of 30% for piperacillin,24

10% for ceftazidime,25 20% for ceftolozane,26 2% for meropenem,24 58% 
for cefiderocol,27 7% for avibactam,25 23% for tazobactam26 and 33% for 
vaborbactam.28

Aggressive PK/PD target attainment was defined as a beta-lactam 
fCss/MIC ratio or a fCss/MICBP ratio ≥4 (where fCss is free steady-state 
plasma concentration and MICBP is the EUCAST clinical breakpoint against 
susceptible isolated pathogens) for targeted or empirical treatment, re
spectively. When using BL/BLIc, an aggressive joint PK/PD target was de
fined, as previously reported.29 Briefly, aggressive joint PK/PD target was 
considered attained whenever both a beta-lactam fCss/MIC ratio >4 and 
a beta-lactamase inhibitor (BLI) fCss/target concentration ratio >1 (in the 
case of tazobactam and avibactam) or a free area under the 
concentration-to-time curve ( fAUC)/MIC ratio >24 (in the case of vabor
bactam) were achieved. The AUC of vaborbactam was calculated as AUC 
(mg·h/L) = dose (mg/24 h)/clearance (L/h), where clearance was equal to 
the infusion rate (mg/h)/Css (mg/L). The target concentration ratio corre
sponded to the fixed BLI target concentration defined by the EUCAST for 
testing the in vitro standard susceptibility of each BL/BLIc, namely, 4 mg/L 
for tazobactam or avibactam and 8 mg/L for vaborbactam.

The following demographic and clinical data were recorded for each 
patient: age, weight, sex, underlying onco-haematological disease, type 
and date of HSCT, type of chemotherapy regimens, type and site of infec
tion, treatment length, previous antibiotic treatment, concomitant treat
ment with other antibiotics or antifungals. Clinical chemistry, 
pharmacological and microbiological data included serum creatinine 
(SCr), C-reactive protein (C-RP), ANC, beta-lactam Css, eventual bacterial 
clinical isolate with MIC, rectal swab colonization findings at admission. 
Estimated glomerular filtration rate was assessed by means of CKD-EPI 
formula.30 Patients having eGFR >120 (if female) or 130 (if male) mL/ 
min/1.73 m2 were defined as having augmented renal clearance 
(ARC).31 Clinical outcome was recorded at the end of treatment.

Assessment of outcomes
The primary study outcome was to assess the likelihood of aggressive PK/ 
PD target attainment with the different beta-lactams or BL/BLIc. The sec
ondary outcome was the overall clinical response at the end of treat
ment. Clinical cure was defined as the composite satisfaction of all the 
following criteria: defervescence lasting for at least 24 h, microbiological 
eradication documented by negative blood cultures (only in case of 
microbiological documented infections), resolution of signs and symp
toms of infections and no need for escalating therapy.

Ethics
This study was conducted in accordance with the Declaration of Helsinki. 
The Local Ethic Committee of the IRCCS, Azienda Ospedaliero-Universitaria 
di Bologna approved the protocol (no. 308/2021/Oss/AOUBo on 17 May 
2021, EM232–2022_308/2021/Oss/AOUBo on 16 March 2022, EM449– 
2023_308/2021/Oss/AOUBo on 17 April 2024 and CE AVEC: 272/2024/ 
Sper/AOUBo on 16 May 2024). All patients provided written informed 
consent.

Statistical analysis
The Kolmogorov–Smirnov test was used to assess normal or non-normal 
distribution of data. Accordingly, mean ± SD or median and IQR were used 
for the descriptive statistics. Differences in categorical variables were ex
plored by Fisher’s exact test or χ2 test. Multivariate binary logistic regres
sion analysis was performed to test the possible association between 
aggressive PK/PD target attainment and clinical variables pooled for all 

antibiotics with ORs and 95% CIs. Covariates with a P value of ≤0.20 at 
the univariate analysis were included in the multivariate analysis. All stat
istical analyses were performed using STATA (version 19).

Results
Among the 357 onco-haematological patients prospectively en
rolled, unfortunately 101 had to be excluded because blood sam
pling for TDM was lacking or being collected outside of the 
pre-defined temporal window (Figure 1). Overall, a total of 256 
patients was definitely included whose demographic and clinical 
characteristics are summarized in Table 1. A direct comparison of 
the baseline characteristics of patients having versus not having 
TDM assessment is provided in Table S1 (available as 
Supplementary data at JAC Online). The features of the two 
groups were similar, apart from the proportion of meropenem 
use (40.6% versus 26.7%, P = 0.019) and of piperacillin/tazobac
tam use (46.5% versus 60.3%, P = 0.015). Median (min–max) 
age was 58 (19–80) years, with a male preponderance 
(162/256, 63.3%). Acute myeloid leukaemia and non-Hodgkin 
lymphomas accounted for most of the underlying onco- 
haematological malignancies (183/256, 71.5%). Almost half pa
tients underwent HSCT (120/256, 46.9%) and more than 
two-thirds had severe neutropenia at baseline (197/256, 
76.9%). Most patients received antibiotic treatment with pipera
cillin/tazobactam or meropenem (223/256, 87.1%) and had 
beta-lactams as monotherapy (150/256, 58.6%). Co-treatment 
with antifungals was extensively applied (223/256, 87.1%). The 
median (min–max) duration of beta-lactam treatment was 7 
(3–44) days. Site of infection was identified in more than half of 
cases (133/256, 51.9%), with bloodstream infections and pneu
monia being the most represented types (109/133, 81.9%). A to
tal of 82 patients had targeted treatment against Gram-negative 
documented infections (82/256, 32.1%), with 73 being monomi
crobial and nine polymicrobial. Clinical cure was obtained in 
71.1% of cases (182/256).

Trends of aggressive PK/PD target attainment with the differ
ent CI beta-lactams in patients receiving targeted or empirical 
treatment are summarized in Tables 2 and 3, respectively. 
Among the 82 patients having targeted treatment, the 
aggressive PK/PD target was always attained with all the CI beta- 
lactams, except for piperacillin/tazobactam (62.9%) and ceftazi
dime/avibactam (80%). Non-attainment was always due to 
insufficient concentrations of the BLI in both BL/BLIc, namely 
tazobactam (n = 10) or avibactam (n = 3). The distributions of 
the PK/PD target attained by the different BL/BLIc in patients hav
ing targeted treatment is depicted in Figure 2.

Among the 174 patients receiving empirical treatment, the 
aggressive PK/PD target was attained with all the other beta- 
lactams in only <70% of cases, except for ceftolozane/tazobac
tam (100%). Target non-attainment was due to insufficient 
concentrations of the beta-lactam for both meropenem alone 
(n = 21/70) and meropenem/vaborbactam (n = 3/3), and to insuf
ficient concentrations of the BLI for piperacillin/tazobactam and 
for ceftazidime/avibactam, namely tazobactam (n = 43/92) and 
avibactam (n = 6/7), respectively. The distributions of the PK/PD 
target attained by the different BL/BLIc in patients having tar
geted treatment is depicted in Figure 3.

PK/PD of CI beta-lactams in onco-haematological patients                                                                            
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Multivariate logistic regression analysis testing potential pre
dictors of aggressive PK/PD target attainment or non-attainment 
is reported in Table 4. ARC (OR 12.288 95%CI 3.314–45.569, P <  
0.001), male sex(OR 3.792 95%CI 1.926–7.464, P < 0.001) and 
younger age (<65 yrs) (OR 2.402 95%CI 1.118–5161, P = 0.025) 
were risk factors associated with target non-attainment, where
as targeted therapy (OR 0.238 95%CI 0.112–0.505, P < 0.001) 
and treatment with meropenem (OR 0.204 95%CI 0.099–0.419, 
P < 0.001) were associated with higher probabilities of aggressive 
PK/PD target attainment.

Aggressive PK/PD target attainment was not associated with 
significantly improved clinical outcome at the univariate analysis 
either in the case of empirical treatment [73.4% (94/128) versus 
71.7% (33/46), P = 0.847] or in that of targeted treatment [67.5% 
(52/77) versus 60.0% (3/5), P = 1.000].

Discussion
This study first assessed the likelihood of aggressive PK/PD target 
attainment among onco-haematological patients having FN 
treated with different beta-lactams administered by CI. Overall, 
the findings showed that when delivering standard dosing regi
mens of beta-lactams by CI an aggressive PK/PD target attain
ment was very likely with most of them when dealing with 
targeted treatment, and much less likely when dealing with 

empirical treatment. Noteworthy, piperacillin/tazobactam, 
namely the most widely used agent, was the only one with 
more than one-third of patients showing non-attainment in 
both settings (namely 37.1% and 46.7%, respectively). 
Moreover, the results showed the worrisome risk of BLI under
exposure, which may compromise the clinical efficacy of 
BL/BLIc treatment.

A crucial advantage of targeting aggressive PK/PD target for 
beta-lactams may be that of a possible prevention of resistance 
development. This was just shown to be helpful among the crit
ically ill patients having documented Gram-negative infections. A 
recent meta-analysis showed that attaining an aggressive PK/PD 
target was very protective against the risk of beta-lactam resist
ance development compared with a conservative PK/PD target 
(OR 0.06 95%CI 0.01–0.29).14 Regarding the setting of onco- 
haematological patients, it should not be overlooked that this 
could be a very relevant issue considering that recent 
beta-lactam use within 3 months was shown to be a major 
risk factor of colonization by either ESBL-producing-32 or 
carbapenem-resistant-Enterobacterales (CRE),33,34 the preva
lence of the latter possibly being as high as 11.4%.34 Notably, a 
prospective, monocentric, interventional study showed that tar
geting meropenem exposure to an aggressive PK/PD target in 
onco-haematological patients with FN was shown to be an ef
fective approach for minimizing the emergence of CRE.35

Figure 1. Flow chart of patient inclusion and exclusion criteria.
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Interestingly, it was shown that none of the 63 out of 75 patients 
(84%) who were readmitted in hospital during a 3 month follow- 
up period after receiving real-time TDM-guided CI meropenem 
for treating a FN episode had colonization by CRE at rectal 
swabs.35 This is particularly relevant, as meropenem use 
was primarily associated to selection of carbapenem resist
ance,36 as well as to increased GVHD-related mortality in onco- 
haematological patients undergoing HSCT due to its strong 
anaerobic activity.37

Unfortunately, the TDM-guided approach of beta-lactams 
nowadays is still limited to some centres and not yet widely im
plemented. Consequently, knowing the likelihood of aggressive 
PK/PD target attainment during the first week of treatment 
with CI of standard dosing regimens of different beta-lactams 
may be a helpful tool for clinicians in estimating the possibility 
of minimizing resistance development in clinical practice. The 
findings showed that the probability was in general high when 
dealing with targeted treatment. However, the risk of non- 
attainment may be especially likely irrespective of CI administra
tion among younger onco-haematological male patients having 
ARC. ARC is a prevalent condition among FN patients, ranging 
16.4%–26.6%.38,39 Indeed, the prevalence of ARC detected in 
our cohort was lower than this (8.9%), but the true prevalence 
might have been biased by the fact that the creatinine clearance 
was estimated by means of a formula rather than measured. In 
any case, this is a worrying condition during beta-lactam treat
ment, since it may expedite the renal clearance of these hydro
philic agents. Consequently, intensifying the CI dosing regimens 
of the beta-lactams could be an effective solution for attaining 
aggressive PK/PD targets even in FN patients having ARC. In this 
regard, we showed previously by means of a population pharma
cokinetic study that delivering an intensified meropenem dose of 
1.25 g q6h by CI may be an effective strategy for attaining an ag
gressive PK/PD target in most FN patients with ARC having infec
tions caused by susceptible pathogens.40 Conversely, intensifying 
the CI dosing regimens of piperacillin/tazobactam and ceftazi
dime/avibactam could not always suffice for attaining an aggres
sive PK/PD target in FN patients with ARC. Lacking specific data in 
the context of FN patients on this issue, two Monte Carlo simula
tion studies carried out among critically ill patients may be 
helpful.41 One showed that even delivering a piperacillin/ 
tazobactam dose as high as 22.5 g/daily by CI was ineffective 
in attaining an aggressive PK/PD target among ARC critically ill pa
tients having infections caused by susceptible pathogens.41

Table 1. Demographic and clinical characteristics (n = 256)

Clinical variable

Age (years) 58.0 (50.8–67.0)
Sex (M/F) 162/94 (63.3/36.7)
Weight (kg) 72 (63–80)
BMI (kg/m2) 24.2 (21.9–26.3)
eGFR (mL/min/1.73 m2) 98.0 (81.0–112.0)
Chronic renal failure (<30 mL/min/1.73 m2) 6 (2.3)
ARC 23 (8.9)
Previous antibiotic in last 3 months 126 (49.2)
MDR rectal colonization at admission 95 (37.1)

ESBL-producing pathogens 65 (25.4)
KPC-producing pathogens 9 (3.5)
OXA48-producing pathogens 8 (3.1)
NDM-producing pathogens 1 (0.4)
VRE 12 (4.7)

Underlying haematological malignancy
Acute myeloid leukaemia 102 (39.8)
Non-Hodgkin lymphoma 81 (31.7)
Multiple myeloma 25 (9.8)
Acute lymphoblastic leukaemia 27 (10.5)
Hodgkin lymphoma 10 (3.9)
Myelodysplastic syndrome 3 (1.2)
Others 8 (3.1)

Transplantation (n = 120)
Allogenic transplantation 58 (22.7)
CAR-T 40 (15.7)
Autologous transplantation 22 (8.6)

Type of chemotherapy regimen
Consolidation for acute leukaemia 86 (33.6)
Salvage chemotherapy 81 (31.6)
Induction for acute leukaemia 73 (28.5)
Other 16 (6.3)

Beta-lactam treatment
Empirical 174 (67.9)
Targeted 82 (32.1)

Site of infection
Unknown 123 (48.1)
Bloodstream infection 85 (33.2)
Community/hospital acquired pneumonia 24 (9.4)
Enterocolitis 10 (3.9)
Urinary tract infection 8 (3.1)
Acute bacterial skin and skin structure infection 6 (2.3)

ANC at baseline
<100 (cells/µL) 159 (62.1)
100–500 (cells/µL) 38 (14.8)
500–1000 (cells/µL) 17 (6.6)
>1000 (cells/µL) 42 (16.3)

Type of beta-lactam
Piperacillin/tazobactam 119 (46.5)
Meropenem 104 (40.6)
Ceftazidime/avibactam 17 (6.6)
Meropenem/vaborbactam 5 (1.9)
Ceftolozane/tazobactam 4 (1.6)
Cefiderocol 5 (1.9)

Continued

Table 1. Continued

Clinical variable

Ceftazidime 2 (0.8)
Duration of antibiotic treatment (days) 7.0 (5.0–9.0)
Combination therapy with

Other anti-Gram-negative agents 32 (12.5)
Anti-Gram-positive agents 77 (30.1)
Antifungals 223 (87.1)

Continuous data are presented with median (IQR) and categorical vari
ables as count (%).
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Conversely, the other showed that delivering an intensified cef
tazidime/avibactam dose of 10 g/daily by CI was predicted to 
grant a high probability (>80%) of aggressive PK/PD target attain
ment among ARC critically ill patient having KPC-KP- or 
OXA-48-producing Enterobaterales related infections.42 Lacking 
evidence on specific dosing regimens to be recommended for 
BL/BLIc in FN onco-haematological patients, clinicians should 
rely on TDM whenever feasible for minimizing the risk of aggres
sive PK/PD target non-attainment.

Less agreement exists about the role that an aggressive PK/PD 
target attainment may have in maximizing the clinical efficacy of 
beta-lactam treatment in FN patients. Data are limited and avail
able evidence is only indirect, by coming mainly from studies asses
sing the impact that may have an extended infusion (EI) delivery of 
standard dosing regimens of beta-lactams. A single-centre rando
mized clinical trial was designed to compare the impact of EI with 
intermittent infusion (II) on the efficacy of piperacillin/tazobactam 
and ceftazidime in the treatment of high-risk FN patients.43 At the 
intention-to-treat analysis among 105 included patients the overall 
response rate was significantly higher with EI than with II (74.4% 

versus 55.1%; P = 0.044), and in documented infections compared 
with empirical treatment (68.4% versus 35.7%; P = 0.039).43 A 
retrospective observational study carried out among 164 patients 
having FN treated with meropenem showed that EI led to better 
clinical outcome than conventional II and was independently asso
ciated with clinical success at day 5 (OR 3.13. 95%CI 1.61–6.10), 
faster defervescence, more rapid decrease of inflammatory bio
markers and less need for additional antibiotics.44 Similarly, among 
193 patients with haematological malignancies having FN treated 
with cefepime, EI was associated with a more rapid defervescence 
compared with standard II (48 h versus 70 h, P = 0.005).45

Conversely, a randomized, multicentre, open-label, superiority clin
ical trial showed that the success rate at day 5 of meropenem in 
the empirical treatment of FN patients did not differ in those receiv
ing EI versus II (risk difference, −12.4%; 95% CI, −29.4 to 4.7; 
P 0.17).46

Indeed, these conflicting findings highlight how difficult may 
be assessing the clinical outcome of beta-lactam treatment in 
FN patients. It should not be overlooked that treatment success 
may be biased by several co-treatments in this population, 

Table 2. Distribution of the aggressive PK/PD target attainment with different continuous-infusion beta-lactams in patients receiving targeted therapy 
(n = 82)

Beta-lactam
Number of 

patients
Dose 

(g/daily)

eGFR 
(mL/min/ 
1.73 m2)

Beta-lactam 
fCss (mg/L)

Beta-lactam 
inhibitor 

fCss (mg/L)
Aggressive PK/PD target 

attainment

PTZ 27 18 (18–18) 97 (35–129.3) 42.6 (34.4–58.8) 5.3 (4.1–6.5) 17/27 (62.9)
MEM 34 4 (0.5–6) 103.5 (24–221) 13.4 (9.5–19.7) NA 34/34 (100)
CAZ/AVI 10 7 (3.75–10) 98.5 (29–107) 21.0 (16.6–21.4) 6.4 (4.4–10.3) 8/10 (80)
MEM/VAB 2 12 (12–12) 96.5 (75–118) 23.0 (21.1–25.0) 16.3 (14.7–17.9) 2/2 (100)
TOL/TAZ 3 9 (9–9) 82 (49–84) 38.7 (32.0–59.8) 17.4 (9.7–20.0) 3/3 (100)
CFD 5 6 (6–6) 95 (44–111) 24.7 (22.8–32.3) NA 5/5 (100)
CAZ 1 4 85.7 18.9 NA 1/1 (100)

Continuous data are presented with median (min–max range) and categorical variables as count (%).
CAZ, ceftazidime; CAZ/AVI, ceftazidime/avibactam; CFD, cefiderocol; MEM, meropenem; MEM/VAB, meropenem/vaborbactam; PTZ, piperacillin/ 
tazobactam.

Table 3. Distribution of aggressive PK/PD target attainment with different continuous-infusion beta-lactams in patients receiving empirical treatment 
(n = 174)

Beta-lactam Number of patients
Dose 

(g/daily)
eGFR 

(mL/min/1.73 m2)
Beta-lactam 
fCss (mg/L) Beta-lactam inhibitor fCss (mg/L)

Aggressive PK/PD 
target attainment

PTZ 92 18 (9–20.5) 95 (14–150) 36.6 (27.9–52.6) 4.9 (3.3–6.4) 49/92 (53.3)
MEM 70 4 (1–6) 102.5 (7–149) 11.5 (7.6–17.4) NA 49/70 (70.0)
CAZ/AVI 7 7.5 (6–7.5) 102 (70–121) 16.2 (9.1–29.8) 3.3 (2.0–5.6) 1/7 (14.3)
MEM/VAB 3 12 (12–12) 115 (84–133) 8.1 (7.0–10.0) 7.2 (5.6–7.8) 0/3 (0)
TOL/TAZ 1 9 107 36.5 4.8 1/1 (100)
CAZ 1 6 101 9.9 NA 0/1 (0)

Continuous data are presented with median (min–max range) and categorical variables as count (%).
CAZ, ceftazidime; CAZ/AVI, ceftazidime/avibactam; CFD, cefiderocol; MEM, meropenem; MEM/VAB, meropenem/vaborbactam; PTZ, piperacillin/tazo
bactam.
No patient was empirically treated with cefiderocol.
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namely with anti-Gram-positives and/or with antifungals, which 
may mask the beneficial effect of an aggressive PK/PD target at
tainment against Gram-negatives.

We acknowledge some limitations of this study. The heteroge
nicity of the patients’ clinical conditions prevented us from find
ing a clear association between aggressive PK/PD target 
attainment with beta-lactams and clinical outcome of FN. 
Aggressive PK/PD target attainment is a goal widely adopted 
nowadays among critically ill patients, but needs more confirma
tory findings among FN onco-haematological patients, as it may 
not uniformly translate into improved clinical outcomes across all 
pathogens and drug combinations. Specifically, when dealing 
with empirical treatment, using clinical breakpoints as the refer
ral MIC value does not necessarily correspond to the effective PK/ 
PD target. Assessing a single TDM did not allow us to capture 
intra-patient variability related to changing clinical conditions 
and renal function over time. Sampling within a pre-defined 
timeframe may have introduced a bias, as patients discontinuing 
therapy early or deteriorating clinically may have been underre
presented. The findings of the regression analysis may be biased 

by the high proportion of patients excluded because not under
going TDM. The higher proportion of PK/PD target attainment 
among targeted therapy may be explained by the fact that the 
documented MIC values of the clinical isolates were frequently 
much lower than the respective clinical breakpoints. The effect 
of aggressive PK/PD target attainment on preventing rectal col
onization at follow-up by MDR pathogens was not assessed. 
Only total beta-lactam concentrations were measured and this 
might have affected proper estimation of the free fractions. 
Conversely, the prospective study design assessing the PK/PD tar
get attainment of different beta-lactams both in the empiric and 
in the targeted treatment of FN onco-haematological patients is 
an innovative strength of this work.

In conclusion, our findings showed that delivering the stand
ard dosing regimens of different beta-lactams by CI may help at
taining an aggressive PK/PD target in FN patients having targeted 
treatment. Young male patients with ARC, being at higher risk of 
non-attainment, should benefit from strategies focused on more 
intensified dosing regimens. Since this study was mainly aimed at 
assessing the likelihood of PK/PD target attainment of CI 

Figure 2. Box and whiskers plots of the fCss/MIC ratio of the beta-lactam and of the fCss of the coupled BLI for piperacillin/tazobactam, ceftazidime/ 
avibactam, meropenem/vaborbactam and ceftolozane/tazobactam among patients receiving targeted therapy. The horizontal blue and green lines 
represent the threshold of beta-lactam fCss/MIC ratio and the BLI fCss, respectively.
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Figure 3. Box and whiskers plots of the fCss of the beta-lactam and of the coupled BLI for piperacillin/tazobactam, ceftazidime/avibactam, merope
nem/vaborbactam and ceftolozane/tazobactam among patients receiving empirical therapy. The horizontal blue and green lines represent the 
threshold of beta-lactam fCss and the BLI fCss, respectively.

Table 4. Univariate and multivariate logistic regression analysis comparing aggressive PK/PD target attainment with non-attainment with 
continuous-infusion beta-lactams in onco-haematological patients (n = 256)

Variables
PK/PD target 

attainment (n = 169)
PK/PD target 

non-attainment (n = 87)
Univariate 

P value Multivariate analysis

Age <65 yrs 111 (65.7) 75 (86.2) 0.001 OR 2.402 (1.118–5.161), P = 0.025
Sex (male) 95 (56.2) 67 (77.0) 0.001 OR 3.792 (1.926–7.464), P < 0.001
BMI >30 20 (11.8) 11 (12.6) 0.851
ARC 6 (3.6) 17 (19.5) <0.001 OR 12.288 (3.314–45.569), P < 0.001
Acute leukaemia 82 (48.5) 46 (52.9) 0.510
HSCT 71 (42.0) 49 (56.3) 0.031a

Targeted therapy 69 (40.8) 13 (14.9) <0.001 OR 0.238 (0.112–0.505), P < 0.001
ANC <1000 cells/µL 135 (79.9) 80 (91.9) <0.001a

Treatment with piperacillin/tazobactam 66 (39.1) 53 (60.9) 0.234
Treatment with meropenem 83 (49.1) 21 (24.1) <0.001 OR 0.204 (0.099–0.419), P < 0.001

Continued
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beta-lactams under standard dosing regimens, it was underpow
ered for testing its impact in improving clinical efficacy. 
Accordingly, a prospective study is currently in the planning stage 
for assessing the real impact that an aggressive PK/PD target at
tainment of beta-lactams might have on clinical outcome and in 
preventing the rectal colonization by MDR pathogens producing 
resistance to the used beta-lactam in this setting.
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