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ARTICLE INFO ABSTRACT

Article history: Objective: To evaluate the impact of timing of aggressive joint pharmacokinetic/pharmacodynamic
Received 31 March 2026 (PK/PD) target attainment of continuous infusion piperacillin-tazobactam on early clinical response in
Accepted 3 August 2026 paediatric hematopoietic stem cell (HSCT) recipients with febrile neutropenia (FN).

Methods: This prospective, monocentric, observational study included paediatric HSCT recipients receiv-
Editor: Prof S Wicha ing at least 72 h of therapeutic drug monitoring-guided continuous infusion piperacillin-tazobactam
monotherapy for treating FN episodes. Plasma CRP, procalcitonin, and IL-6 levels were assessed at the
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onset of FN episodes and at day + 1 and + 3 after starting antibiotic therapy, together with steady-
state piperacillin-tazobactam concentrations (Cs;). Aggressive piperacillin-tazobactam joint PK/PD target
attainment was calculated at each timepoint. Multivariate logistic regression analyses were performed
for identifying independent predictors significantly associated with the attainment of aggressive PK/PD
target at each timepoint.
Results: Overall, 42 patients who received continuous infusion piperacillin-tazobactam for 49 docu-
mented FN episodes were enrolled. The proportion of aggressive joint PK/PD target attainment was 46.7%
at day + 1 and increased to 67.3% at day + 3 (P = 0.04). Clinical response at day + 3 was reported in 35
FN episodes (71.4%). Aggressive PK/PD target attainment occurred more frequently in cases having lower
baseline creatinine clearance values at day + 1 (OR 1.01; 95% CI 1.00-1.02; P = 0.018) and was an inde-
pendent predictor of >50% reduction of baseline plasma interleukin-6 levels at day + 3 (OR 4.62; 95% CI
1.22-17.45; P = 0.024).
Conclusions: Attaining aggressive piperacillin-tazobactam joint PK/PD target in pediatric HSCT recipients
with FN was significantly associated with reduction >50% in interleukin-6 levels at day + 3, although no
significant impact on early clinical response was found.

© 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

1. Background

Febrile neutropenia is one of the most frequent complications
in paediatric oncohaematological patients undergoing autologous
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responsible for severe morbidity and high mortality [1]. In this sce-
nario, an empirical anti-pseudomonal antimicrobial therapy must
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Piperacillin-tazobactam is a time-dependent beta-lactam/beta-
lactamase inhibitor combination (BL/BLIc) representing a first-line
choice for empirical treatment of febrile neutropenia in this set-
ting [1]. PK/PD target attainment of BL/BLIc, like piperacillin-
tazobactam, should deal with both the BL and the BLI and should
be a joint goal. Delivering the BL/BLIc by continuous infusion may
increase the likelihood of attaining an aggressive joint pharmacoki-
netic/pharmacodynamic (PK/PD) target (defined as 100%fT.4 » mic
for the BL coupled with 100%fT > the target concentration [Cy] of
the BLI used for testing in vitro susceptibility) [2]. Several studies
showed that this approach may maximize clinical/microbiological
outcomes and suppress resistance development to the BL/BLIc
when dealing with severe bacterial infections among critically ill
patients [2].

Previous population PK studies carried out among paediatric
cancer patients anticipated that standard dosages of piperacillin-
tazobactam even when delivered by continuous infusion may fail
in attaining an aggressive joint PK/PD target in the majority of
cases, especially against pathogens exhibiting borderline suscepti-
bility to piperacillin-tazobactam [3,4]. Aggressive target attainment
of joint PK/PD by continuous infusion piperacillin-tazobactam
may encounter hurdles among oncohaematological HSCT paedi-
atric patients with several pathophysiological alterations. Aug-
mented renal clearance (ARC), increased fluid extravasation due
to sepsis-associated capillary leakage, engraftment, and/or acute
graft-versus-host-disease, by increasing the distribution volume
and/or the clearance of piperacillin-tazobactam, may be the most
impactful [5,6].

Consequently, in this scenario implementing a real-time
therapeutic drug monitoring (TDM)-guided strategy may rep-
resent a valuable tool for maximizing the likelihood of ag-
gressive joint PK/PD target attainment of continuous infusion
piperacillin/tazobactam [7].

The aim of this prospective study was to evaluate the impact
of timing of aggressive joint PK/PD target attainment of continu-
ous infusion piperacillin-tazobactam on early clinical response of
febrile neutropenia to antimicrobial treatment among HSCT paedi-
atric patients.

2. Methods

This prospective, monocentric, observational study was carried
out from 1 September 2022 to 31 December 2024 among onco-
haematological HSCT paediatric patients aged < 21 years admitted
to the Pediatric Oncohematological Transplant Unit of the IRCCS
Azienda Ospedaliero-Universitaria of Bologna, Italy. Patients hav-
ing febrile neutropenic episodes occurring within 100 d from HSCT
were prospectively enrolled and treatment with continuous infu-
sion piperacillin-tazobactam monotherapy was guided by means
of a TDM-based approach focused on attaining an aggressive joint
PK/PD target. Febrile neutropenia was defined as the presence of
a single oral temperature >38.3 °C or a temperature of >38.0 °C
for >1 h coupled with a neutrophil count of <500 cells/mm3 or
of <1000 cells/ymm3 with a predicted decrease to <500 cells/mm?3
[8].

The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the local Ethics Com-
mittee (No. 431/2022/0ss/AOUBo on 22 August 2022). Informed
consent was signed by each patient aged > 18 years or by par-
ents or guardians for those aged < 18 years. A summary of the
study design is depicted in Supplementary Fig. 1. At first, when
experiencing a febrile neutropenic episode, the patient had some
plasma inflammatory biomarkers levels measured at baseline (day
0), namely CRP, procalcitonin (PCT), and IL-6. CRP levels were
measured by means of an immunoturbidimetric method (normal
value < 0.5 mg/dL), those of PCT by means of an ELISA (normal
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value < 0.1 ng/mL), and those of IL-6 by means of an electro-
chemiluminescence immunoassay (normal value < 7.8 pg/mL). Im-
mediately afterwards, treatment with piperacillin-tazobactam was
promptly started by administering the standard dosing regimen
recommended by current guidelines by continuous infusion after
loading dose [9] (loading dose of 200/25 mg/kg over 1 h followed
by a continuous infusion maintenance dose (MD) of 400/50 mg/kg
over 24 h, with a ceiling LD and MD of 8/1 g and 16/2 g, respec-
tively, in case of weight > 40 kg). Aqueous solutions of piperacillin-
tazobactam were reconstituted every 24 h and infused over 24 h
for granting proper stability over time [10]. All patients also re-
ceived antifungal and antiviral prophylaxis with voriconazole and
acyclovir, respectively, as standard of care.

Real-time TDM-guided adaptation of continuous-infusion MD
piperacillin-tazobactam focused on aggressive joint PK/PD target
attainment were provided at day + 1 and + 3, and CRP, PCT and
IL-6 plasma levels were reassessed at the same time. Total plasma
steady-state concentrations (Css) of piperacillin and tazobactam
were determined by means of a validated chromatography-tandem
mass spectrometry method [11]. The fCss were calculated by mul-
tiplying total piperacillin and tazobactam Css by 0.80 and 0.77, re-
spectively, based on plasma protein binding reported in the lit-
erature [12]. Aggressive joint PK/PD target attainment was de-
fined as a piperacillin fCss/MIC ratio >4 coupled with a tazobac-
tam fCs/Cr ratio >1 (where Cr corresponded to the fixed tazobac-
tam target concentration of 4 mg/L defined by European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST) for testing in
vitro susceptibility to piperacillin/tazobactam) [13]. The PK/PD tar-
get of tazobactam was selected based on preclinical and clinical
evidence supporting the contention that a target concentration of
4 mg/L may be a valuable threshold for maximizing both bac-
terial killing and microbiological eradication [14-16]. Piperacillin-
tazobactam dosing adjustments are detailed in the Supplemen-
tary Materials. In cases of empirical therapy, the PK/PD target of
piperacillin for both Enterobacterales and Pseudomonas aeruginosa
was calculated by setting the MIC value at 8 mg/L. This agrees
with the standard clinical practice adopted at our centre, namely
using piperacillin-tazobactam only for treating infections caused
by Gram-negative isolates having an MIC values < 8 mg/L (irre-
spective of actually considering the EUCAST guidelines of a dis-
tinct clinical breakpoint of 8 mg/L for the Enterobacterales and of
16 mg/L for P. aeruginosa). In cases of targeted therapy of docu-
mented Gram-negative bloodstream infections, it was calculated by
setting the MIC at the precise MIC value of the clinical isolate.

Early clinical response to antimicrobial treatment was selected
as the primary outcome and assessed at day + 3 after start-
ing piperacillin-tazobactam. Early clinical response was defined as
favourable whenever defervescence was coupled with an at least
50% decrease of the inflammatory biomarkers (CRP, PCT, and IL-6)
plasma levels from baseline and neither septic shock and/or res-
piratory failure occurred nor ICU admission was needed. Deferves-
cence was defined as the relief of an axillar temperature <38 °C
in at least 2 d consecutively [7]. In these cases, treatment with
piperacillin-tazobactam was maintained up to definitive resolution.
Early clinical response was defined as unfavourable whenever fever
persisted and was coupled with increases or fluctuations of the
inflammatory biomarkers plasma levels, with hypotension need-
ing vasopressor support, or with generalized oedema associated
with respiratory failure requiring non-invasive ventilatory support
or ICU admission. In these latter cases, antimicrobial therapy was
escalated to other antibiotics.

Time to defervescence (defined as the time elapsed between
the start of continuous infusion piperacillin-tazobactam therapy
and the first of at least 2 d consecutively in which axillar tempera-
ture was <38 °C [7]), >50% reduction of CRP, PCT, and IL-6 plasma
levels at day + 1 and + 3, colonization by DTR Gram-negative
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pathogens at day + 90, and 90-d mortality rate were selected
as secondary outcomes. Microbiological outcome was assessed in
cases having documented Gram-negative bloodstream infections.
Eradication was defined as the absence of the index Gram-negative
pathogen at the follow-up blood cultures with no breakthrough
and/or relapse of infection at day + 14. Collected data are detailed
in the Supplementary Materials.

Demographics and clinical characteristics of the patients were
summarized by using absolute frequencies and percentages for
categorical variables, and median and IQR for continuous vari-
ables. Univariate and multivariate regression analyses comparing
features of febrile neutropenic cases attaining or not an aggressive
joint PK/PD target of continuous infusion piperacillin-tazobactam
at day + 1 and + 3 were performed by means of the Fisher exact
test or the x? test (for categorical variables) or the Mann-Whitney
U test (for continuous variables). Independent covariates with a P-
value < 0.10 at the univariate analysis were included in the mul-
tivariate logistic regression model. Statistical significance was de-
fined as a P-value < 0.05. Subgroup analysis of patients having only
documented Gram-negative infections was performed.

Statistical analysis was performed by means of MedCalc for
Windows (MedCalc statistical software, version 19.6.1, MedCalc
Software Ltd.).

3. Results

Overall, 42 oncohaematological HSCT paediatric patients were
prospectively enrolled during the study period, with demographics
and clinical features reported in Supplementary Table 1.

Median (IQR) age was 9.5 y (4.25-13.75 y), with a male pre-
ponderance (71.4%). Acute lymphoblastic leukaemia was the most
frequent underlying oncohaematological disease requiring HSCT
(16 cases; 38.0%), followed by acute myeloid leukaemia (7 cases;
16.6%), and neuroblastoma (3 cases; 7.1%). HSCT was allogenic in
33 cases (78.6%) and autologous in the other 9 (21.4%). ARC was
documented in most patients (37 of 42; 88.1%).

Overall, a total of 49 febrile neutropenic episodes treated with
continuous infusion piperacillin-tazobactam monotherapy were ob-
served in the 42 included patients. Treatment features are sum-
marized in Table 1. ARC was documented in 43 episodes (87.8%).
Piperacillin-tazobactam therapy was empirical in 39 episodes
(79.6%) and targeted in the other 10 (20.4%), respectively. All
the clinical isolates were yielded from blood cultures. Microbi-
ological eradication was documented in all cases without any
breakthrough and/or relapse at day + 14. Median (IQR) ini-
tial piperacillin-tazobactam MD was 403.4 mg/kg/50.4 mg/kg
(400 mg/kg/50 mg/kg-419.8 mg/kg/52.5 mg/kg) in patients <40 kg,
and 16 g/2 g (16 g/2 g-16 g/2 g) in those >40 kg. Average median
(IQR) fCss of piperacillin and tazobactam were 42.8 mg/L (33.1-
54.2 mg/L) and 4.5 mg/L (3.5-5.5 mg/L), respectively. The pro-
portion of cases with aggressive joint PK/PD target attainment of
piperacillin-tazobactam was 46.9% at day + 1 (23 of 49) and in-
creased to 67.3% at day + 3 (33 of 49) (P = 0.04). Clinical re-
sponse at day + 3 was documented in 35 of 49 febrile neutrope-
nia episodes (71.4%). Antibiotic escalation was required in 11 cases
(26.2%). Septic shock and requirement for ICU admission was re-
ported in six cases each (14.3%). Median (IQR) time to deferves-
cence was 4 d (3-6.25 d). Colonization by DTR Gram-negative
pathogens in the first 90 d after HSCT occurred in 13 episodes
(31.0%), and 90-d mortality rate was 14.3%.

Univariate and multivariate analyses comparing the impact of
attaining or not aggressive PK/PD target of piperacillin-tazobactam
at day + 1 and + 3 on the features of febrile neutropenic episodes
are reported in Tables 2 and 3. Aggressive joint PK/PD target at-
tainment at day + 1 was associated with lower baseline creati-
nine clearance values (OR 1.01; 95% CI 1.00-1.02; P = 0.018), at
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day + 3 was an independent predictor of >50% reduction of base-
line plasma IL-6 levels (OR 4.62; 95% CI 1.22-17.45; P = 0.024) and
trended to be associated with lower occurrence of rectal DTR col-
onization at 90 d (18.2% vs. 43.8%; P = 0.06).

The subgroup analysis of the febrile neutropenic episodes oc-
curred in patients having documented Gram-negative infections
showed no difference in terms of clinical response between pa-
tients attaining an aggressive joint PK/PD target at day + 1 and + 3
and those who did not (Supplementary Tables 2 and 3). Patients
with aggressive PK/PD target non-attainment at day + 1 had
higher baseline creatinine clearance values compared with those
attaining (228.0 vs. 84.0 mL/min/1.73m2; P = 0.03) and, at day + 3,
trended to the same (264.0 vs. 130.0 mL/min/1.73m?; P = 0.08).

4. Discussion

To the best of our knowledge, this is the first study prospec-
tively investigating the impact that timing of aggressive joint
PK/PD target attainment of continuous infusion piperacillin-
tazobactam may have on early clinical response of febrile neu-
tropenia to antimicrobial treatment among oncohaematological
HSCT paediatric patients. Unfortunately, aggressive joint PK/PD tar-
get attainment had no impact on early clinical response at day + 3,
but some interesting findings emerged nevertheless. First, attain-
ing an aggressive joint PK/PD target of piperacillin-tazobactam
with the standard dosing regimens recommended by international
guidelines [9,17] even if delivered by continuous infusion, may be
challenging in this patient population, especially when estimated
creatinine clearance is > 200 mL/min/1.73m?. Second, implement-
ing a real-time TDM-guided dosing adaptation approach was effec-
tive in increasing the proportion of aggressive joint PK/PD target
attainment from day + 1 to day + 3 by almost 50%. Third, ag-
gressive joint PK/PD target attainment at day + 3, by predicting
a > 50% reduction of IL-6 levels at the same index day, could be
an initial biomarker for piperacillin-tazobactam efficacy prediction
in oncohaematological HSCT paediatric patients with febrile neu-
tropenia.

Previous studies showed no clear relationship between a con-
servative PK/PD target attainment of 100%fT.pc of piperacillin
only and resolution of febrile neutropenia among haematological
adult patients having febrile neutropenia treated with piperacillin-
tazobactam [7,18]. Our study suggested that attaining an aggres-
sive joint PK/PD target at day + 3 had no impact on early clin-
ical response. Indeed, this finding could have been affected by
the fact that most treatments with piperacillin-tazobactam (around
80%) were empirical. Indeed, in absence of any clinical isolate,
it was unfeasible to assess the PK/PD target attainment pre-
cisely in most cases and we could not rule out whether an ag-
gressive PK/PD target could have been attained even with lower
piperacillin/tazobactam concentrations against eventual pathogens
exhibiting MIC much lower than the EUCAST clinical breakpoint.
Besides, it should not be overlooked that in our study the final
response rate to the TDM-guided approach was higher than 70%,
namely higher than reported previously among paediatric patients
having febrile neutropenia treated with standard piperacillin-
tazobactam therapy (approximately 50%) [19].

Recent clinical evidence among critically ill patients having doc-
umented Gram-negative infections may support our approach. A
recent meta-analysis showed that in that patient populations, ag-
gressive PK/PD target attainment of beta-lactams was associated
with better clinical outcome (OR 1.69; 95% CI 1.15-2.49), and there
was decreased risk of resistance development (OR 0.06; 95% CI
0.01-0.29) compared with conservative PK/PD target [2].

Interestingly, attaining an aggressive joint PK/PD target at
day + 3 had an impact on decreasing >50% basal levels of IL-6
at the same index day. These preliminary data seems promising
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Table 1
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Outcome and PK/PD features of CI piperacillin-tazobactam treatment of febrile neutropenic episodes.

Demographics and clinical features

Febrile neutropenia episodes

(n =49)
Pathophysiological alterations
Augmented renal clearance (n [%]) 43 (87.8)
Piperacillin-tazobactam treatment
Empirical (n [%]) 39 (79.6)
Targeted (n [%]) 10 (20.4)
Multi-susceptible Escherichia coli 2 (20.0)
Multi-susceptible Klebsiella oxytoca 2 (20.0)
Multi-susceptible Enterobacter cloacae 2 (20.0)
Multi-susceptible Klebsiella pneumonia 1 (10.0)
ESBL-producing K. pneumonia 1(10.0)
Multi-susceptible E. coli + Multi-susceptible K. pneumoniae 1(10.0)
ESBL-producing E. coli + Multi-susceptible Pseudomonas aeruginosa 1 (10.0)
Piperacillin-tazobactam dosing regimens and joint PK/PD target attainment
Initial piperacillin-tazobactam MD regimens in cases weighting <40 kg (mg/kg) (Median; [IQR]) 403.4/50.4
(400/50-419.8/52.5)
Initial piperacillin-tazobactam MD regimens in cases weighting >40 kg (mg) (Median; [IQR]) 16,000/2,000

Average piperacillin fCss (mg/L) (Median; [IQR])

Average tazobactam fCs (mg/L) (Median; [IQR])

Average piperacillin fCss/MIC (Median; [IQR])

Average tazobactam fCss/Cr (Median; [IQR])

Aggressive joint PK/PD target attainment at day 1 (at an MIC of 8 mg/L) (n [%])*
Aggressive joint PK/PD target attainment at day 3 (at an MIC of 8 mg/L) (n [%])

(

(
Aggressive joint PK/PD target attainment at day 1 (at an MIC of 16 mg/L) (n [%])'
Aggressive joint PK/PD target attainment at day 3 (at an MIC of 16 mg/L) (n [%])

Early clinical response at day + 3

Favourable response (n [%])

Antibiotic escalation (n [%])

Septic shock occurrence (n [%])

Requirement for ICU admission (n [%])

Timing to defervescence (days) (Median; [IQR])
DTR rectal colonization at 90-d (n [%])

90-d mortality (n [%])

(16,000/2,000-16,000/2,000)
42.8 (33.1-54.2)

45 (3.5-5.5)

5.5 (4.3-7.2)

1.1 (0.9-1.4)

23 (46.9)

33 (67.3)

7 (14.3)

12 (24.5)

35 (71.4)
1(26.2)

6 (14.3)

6 (14.3)

4.0 (3.0-6.25)

13 (31.0)

6 (14.3)

Cr, targeted concentration; ESBL,
netic/pharmacodynamic.
* EUCAST clinical breakpoint for Enterobacterales (8 mgj/L).
T EUCAST clinical breakpoint for P. aeruginosa (16 mgj/L).

extended-spectrum beta-lactamase; fC,

considering that a recent prospective observational study showed
that, among adult patients with febrile neutropenia, IL-6 percent-
age reduction at 48 or 72 h after starting therapy predicted effi-
cacy of beta-lactam therapy [20]. Consequently, it may be specu-
lated aggressive joint PK/PD target attainment of continuous infu-
sion piperacillin-tazobactam at day + 3 may represent a potential
initial biomarker for predicting piperacillin-tazobactam efficacy in
HSCT paediatric patients with febrile neutropenia.

Less than half of cases attained an aggressive joint PK/PD target
of piperacillin-tazobactam at day + 1; nevertheless that the stan-
dard piperacillin-tazobactam dosing regimen was administered by
continuous infusion. Previous studies, although purposing different
PK/PD target thresholds for piperacillin only, have just raised this
issue [3,4]. Specifically, a population PK study postulated that the
standard 400/50 mg/kg/d dose administered by continuous infu-
sion may fail in attaining even a PK/PD target of 50%fT. 4 , mic of
piperacillin against borderline susceptible pathogens [3]. Indeed, it
should not be overlooked that when dealing with a BL/BLIc-like
piperacillin/tazobactam, the PK/PD target should be joint. In these
cases, the likelihood of joint PK/PD target attainment of a BL/BLIc
may be further affected by differences in the clearance rates of
the two components. Of note, a population PK study showed that
tazobactam clearance may become faster than that of piperacillin
as renal function increases, especially in presence of ARC [21].

The prevalence of ARC in our patient population was almost ab-
solute, being approximately 90%, and negatively affected the like-
lihood of aggressive joint PK/PD target attainment at the begin-
ning of treatment. Noteworthy, this elevated prevalence was much
higher than that observed in oncohaematological adult patients

steady-state concentrations; MD, maintenance dose; PK/PD, pharmacoki-

with febrile neutropenia (16.4-52%) [22]. This may be explained by
the fact that the intrinsic renal response to systemic inflammation
associated with febrile neutropenia may be enhanced in younger
children compared with adults [23]. Additionally, increased tubu-
lar secretion, as well as impaired tubular reabsorption, may fur-
ther contribute to increase solute clearance [23]. Overall, this find-
ing may call for the need for real-time TDM as an essential tool to
avoid unintended underdosing.

In our study, implementing a TDM-based dosing adaptation
during the first 3 d of treatment was revealed very effective by
increasing, by almost 50%, the number of cases with aggressive
PK/PD target attainment. This may support the contention that this
may be a valuable approach for counteracting ARC in this setting.
Notably, these findings could also suggest that using higher up-
front MD regimens coupled with a real-time TDM-guided approach
represent a valuable strategy for maximizing the likelihood of
prompt aggressive joint PK/PD target attainment with piperacillin-
tazobactam. Further studies are warranted for assessing the real
impact of this approach.

Limitations of our study should be recognized. The monocen-
tric design and the limited sample size should be acknowledged.
Creatinine clearance was only estimated and not measured, and
this could have caused some inaccuracy in determining the pro-
portion of ARC patients. Only total piperacillin and tazobactam
concentrations were measured, and the free fractions were esti-
mated based on the plasma protein binding reported in the lit-
erature. Empirical dosing regimen of piperacillin-tazobactam and
subsequent TDM-guided dosing adjustments in our study design
did not consider the potential worst case scenario, namely an in-
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Table 2
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Univariate and multivariate analyses comparing treatment features of febrile neutropenic episodes in cases attaining or not an aggressive PK/PD target at day + 1.

Variables Aggressive PK/PD target Aggressive PK/PD target Univariate Multivariate analysis
attainment at day + 1 non-attainment at day + 1 analysis OR (95% CI); P-value
(n =23) (n = 26) P-value

Pathophysiological alterations

Baseline CLCg (mL/min/1.73 m?) (Median; 165.0 (141.0-203.5) 207.0 (158.25-261.75) 0.032 OR 1.01 (1.00-1.02);

[IQR]) 0.018

Augmented renal clearance (n [%]) 19 (82.6) 24 (92.3) 0.40

Hypoalbuminemia (n [%]) 11 (47.8) 11 (42.3) 0.70

Piperacillin-tazobactam treatment and maintaining dosing regimens

Empirical (n [%]) 20 (87.0) 19 (73.1) 0.30

Targeted (n [%]) 3(13.0) 7 (26.9)

Outcome

Clinical response at day +3 (n [%]) 15 (65.2) 20 (76.9) 0.37

Septic shock occurrence (n [%]) 3(13.0) 3(11.5) 0.99

Need for ICU admission (n [%]) 4(17.4) 2(7.7) 0.40

Timing to defervescence (days) (Median; 4.0 (2.75-8.0) 5 (3-6) 0.78

[1QR])

>50% Reduction of baseline plasma CRP 0 (0.0) 2(7.7) 0.49

levels at day 1 (n [%])

>50% Reduction of baseline plasma 0 (0.0) 0 (0.0) 0.99

procalcitonin levels at day 1 (n [%])

>50% Reduction of baseline plasma 7 (30.4) 5(19.2) 0.37

interleukin-6 levels at day 1 (n [%])

DTR rectal colonization at 90-d (n [%]) 4(17.4) 9 (34.6) 0.21

CLCg, creatinine clearance; PK/PD, pharmacokinetic/pharmacodynamics.

Table 3

Univariate and multivariate analyses comparing treatment features of febrile neutropenic episodes in cases attaining or not an aggressive PK/PD target at day + 3.

Variables Aggressive PK/PD target Aggressive PK/PD target Univariate Multivariate analysis
attainment at day + 3 non-attainment at day + 3 analysis OR (95% CI); P-value
(n=33) (n =16) P-value

Pathophysiological alterations

Baseline CLCg (mL/min/1.73 m?) (Median; 171 (145-228) 202 (157.25-268.75) 0.17

[1IQR])

Augmented renal clearance (n [%]) 28 (84.8) 15 (93.8) 0.65

Hypoalbuminemia (n [%]) 15 (45.5) 7 (43.8) 0.91

Piperacillin-tazobactam treatment and maintaining dosing regimens

Empirical (n [%]) 28 (84.8) 11 (68.8) 0.19

Targeted (n [%]) 5(15.2) 5(31.2)

Outcome

Clinical response at day +3 (n [%]) 23 (69.7) 12 (75.0) 0.99

Septic shock occurrence (n [%]) 4 (12.1) 2 (12.5) 0.99

Need for ICU admission (n [%]) 5(15.2) 1(6.3) 0.65

Timing to defervescence (days) (Median; 4.0 (3.0-7.75) 5.0 (3.25-6.0) 0.95

[IQR])

>50% Reduction of baseline plasma CRP 4 (12.1) 1(6.3) 0.66

levels at day 3 (n [%])

>50% Reduction of baseline plasma 4(12.1) 1(6.3) 0.66

procalcitonin levels at day 3 (n [%])

>50% Reduction of baseline plasma 20 (60.6) 4 (25.0) 0.032 4.62 (1.22-17.45);

interleukin-6 levels at day 3 (n [%]) 0.024

DTR rectal colonization at 90-d (n [%]) 6 (18.2) 7 (43.8) 0.06

CLCg, creatinine clearance; PK/PD, pharmacokinetic/pharmacodynamics.

fection caused by a P. aeruginosa strain having a borderline sus-
ceptibility equal to the EUCAST clinical breakpoint of 16 mg/L. We
recognize that not considering this approach could be a high-risk
situation failing in aggressive joint PK/PD target attainment during
the early phase of treatment before those culture results would
provide the real susceptibility profile of the causative pathogen.
The piperacillin-tazobactam loading dose regimen adopted in our
study has not yet been extensively adopted in the paediatric
setting. The potential impact of concomitant antifungal and an-
tiviral prophylaxis on inflammatory biomarkers trend cannot be
overlooked. The impact that multiple antimicrobial courses dur-
ing the post-transplant period could have had on the 90-d rec-
tal colonization by DTR Gram-negative pathogens could not be
ruled out. Finally, the wide heterogeneity of the febrile neutropenic
episodes occurring in the post-transplant period could have made
properly assessing the relationship between aggressive PK/PD tar-

get attainment and clinical outcome challenging. Conversely, the
prospective study design and the implementation of a multivari-
ate model for evaluating the impact of attaining aggressive joint
PK/PD target on treatment outcome may represent strengths of our
analysis.

In conclusion, real-time TDM-guided approach may represent
a tool useful at maximizing the likelihood of aggressive PK/PD
target attainment among oncohaematological paediatric patients
with febrile neutropenia. Interestingly, aggressive joint PK/PD tar-
get attainment of TDM-guided continuous infusion piperacillin-
tazobactam at day +3 was significantly associated with >50% re-
duction in IL-6 levels. This finding is promising as a potential pre-
dictive tool of piperacillin-tazobactam efficacy, although no impact
on clinical outcome was found. Further prospective studies inves-
tigating the impact of aggressive beta-lactams PK/PD target attain-
ment on clinical outcome in homogeneous cohorts of oncohaema-
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tological paediatric patients developing febrile neutropenia should
be warranted.
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