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1. Introduction

The increase of infections caused by difficult-to-treat resistant (DTR) Gram-negatives
is becoming an ever-growing remarkable issue for public health [1-3]. Specifically,
carbapenem-resistant Enterobacterales, DTR Pseudomonas aeruginosa, and carbapenem-
resistant Acinetobacter baumannii (CRAB) are pathogens considered critical-priority nowa-
days by the World Health Organization [4], and are responsible for severe infections with
high morbidity and mortality rates [5,6].

In this challenging scenario, novel beta-lactams (BL) and BL/beta-lactamase inhibitor
combinations (BL/BLIc) are currently recommended by both the ESCMID guidelines
and the IDSA guidance as first-line treatment [7,8]. In recent years, agents like ce-
fiderocol, ceftazidime/avibactam, ceftolozane/tazobactam, meropenem/vaborbactam,
imipenem /relebactam, and lastly aztreonam/avibactam have allowed significant improve-
ments in clinical outcomes of these settings compared to best available therapies [9-14].
Unfortunately, the selective pressure associated with their extensive use has led to re-
sistance development, whose prevalence is worryingly increasing in several centers
worldwide [15-18]. The CACTUS study was a multicenter, retrospective, observational
study carried out in 28 US hospitals over 8 years (2016-2023) among 420 eligible pa-
tients having Pseudomonas aeruginosa pneumonia or bacteremia treated with ceftolozane-
tazobactam or ceftazidime-avibactam (210 in each treatment group). Regarding this, it
showed that among patients having baseline isolates tested for susceptibility (350/420),
resistance developed in more than 20% of cases of both arms (22%, 38/173 with ceftolozane—
tazobactam and 23% 40/177 with ceftazidime—-avibactam) [14]. This and several other
epidemiological studies make the adoption of proper corrective strategies a compelling
clinical need for counteracting this trend and for preserving the activity of the novel BL
and BL/BLIc against these pathogens over time.

Interestingly, it was recently shown that maximizing the performance of these agents
by raising the threshold of the pharmacokinetic/pharmacodynamic (PK/PD) target during
their clinical use could be a potentially effective strategy for overcoming this issue [19].
Specifically, several recent studies showed that shifting from the conservative standard
PK/PD target of 50-100% time above the MIC (T . pic) to a 4-8-fold higher threshold,
namely 100%T5 4 x Mmic, defined as an aggressive PK/PD target, may represent an innovative
frontier for minimizing the resistance development related to their use, especially among
critically ill patients [19-23]. It should also be remembered that when dealing with BL/BLIc,
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the aggressive PK/PD target must involve both the BL and the BLI, namely must be
joint [24].

An incipit on this topic came from a recent meta-analysis of 21 observational studies
assessing the impact of PK/PD target attainment of traditional beta-lactams on clinical
outcome of Gram-negative infections in critically ill patients [21]. It was shown that at-
taining an aggressive PK/PD target was more protective against resistance development
risk compared to a conservative one (OR 0.06; 95% CI 0.01-0.29) [21]. Two main tools may
be helpful for maximizing the likelihood of aggressive PK/PD target attainment, namely,
delivering the BL by extended or continuous infusion (CI) and optimizing plasma exposure
by means of a TDM-guided approach [25]. Regarding the former, a recent meta-analysis
of 21 observational studies showed that delivering BL by prolonged and/or CI was the
only independent predictor decreasing the risk of aggressive PK/PD target non-attainment.
Regarding the latter, a meta-analysis of 11 studies showed that among critically ill patients
receiving treatment with BL, adopting a TDM-guided strategy was effective in increasing
the rates of both optimal PK/PD target attainment (RR 1.85; 95%CI 1.08-3.16) and micro-
biological eradication (RR 1.14; 95%CI 1.03-1.27) compared to a standard approach [26].
This may be effective especially whenever the TDM-guided strategy is coupled with expert
clinical pharmacological advice of the TDM results [27,28].

Moving to the specific setting of novel BL/BLlIc, recent studies showed that implement-
ing antimicrobial stewardship programs focused on both delivering the drug by continuous
infusion (CI) and optimizing the likelihood of aggressive PK/PD target attainment by
means of a TDM-guided approach may be very effective for this purpose. A pre-post
quasi-experimental study assessed the impact of a multidisciplinary approach (involving
the infectious disease consultant, the clinical microbiologist, and the clinical pharmacol-
ogist) aimed at attaining an aggressive joint PK/PD target of ceftazidime-avibactam on
the treatment outcome of KPC Klebsiella pneumoniae-related infections and on the preven-
tion of ceftazidime—-avibactam resistance development [23]. Overall 228 patients were
involved, namely 116 undergoing standard management in the pre-intervention phase
and 102 undergoing the multidisciplinary management in the post-intervention phase in
which real-time TDM-guided PK/PD target attainment optimization was provided. It is
noteworthy that in the post-intervention phase, ceftazidime-avibactam was administered
more frequently by CI (96.1% vs. 31.9%; p < 0.001) and attaining aggressive joint PK/PD
target was protective against both microbiological failure (OR 0.03; 95% CI 0.005-0.20) and
90-day resistance development (OR 0.07; 95% CI 0.01-0.69) [23]. Similar findings were
observed in another pre-post quasi-experimental study carried out among 85 patients
having Pseudomonas aeruginosa BSIs and /or VAP treated with CI ceftolozane—-tazobactam
monotherapy [29]. Thirty-seven patients receiving a TDM-guided strategy in the post-
intervention phase were compared with 48 patients receiving standard management with
CI ceftolozane/tazobactam monotherapy in the pre-intervention phase [29]. In the post-
intervention phase, all patients attained an aggressive PK/PD target, microbiological
eradication rate trended to be higher (75.8% vs. 56.3%; p = 0.10), and 30-day resistance
development almost halved (10.8% vs. 18.8%; p = 0.37) [29].

Opverall, these very encouraging findings emerging from proof-of-concepts real-world
studies may support the contention that aggressive PK/PD target attainment may be the
goal for minimizing the risk of resistance development to novel BL during treatment of
DTR Gram-negative infections, thus preserving efficacy over time. Obviously, prospective
confirmatory studies involving adequate sample size are warranted. Meanwhile, clinicians
are encouraged to adopt two helpful strategies for maximizing the likelihood of aggressive
PK/PD target attainment when dealing with severe Gram-negative infections in critically
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ill patients, namely delivering BL by prolonged or even better by CI and implementing a
TDM-guided approach whenever feasible.
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