REVIEW

From clinical trials to daily practice: how to
adequately administer sulbactam-durlobactam?
alone or combined with imipenem?

Cecilia Bonazzetti*®, Maddalena Giannella®® and Renato Pascale®®

Purpose of review

Sulbactam-durlobactam (SUL-DUR) is a novel B-lactam/p-actamase inhibitor combination recently approved
for carbapenem-resistant Acinetobacter baumannii (CRAB) infections. This review summarizes current
knowledge on the optimal use of SULDUR, whether administered alone or in combination with

carbapenems, particularly imipenem.

Recent findings

Data from registrational trial demonstrate that SUL-DUR is an effective and well tolerated treatment option for
CRAB severe infections. However, this trial assessed the efficacy of SULDUR exclusively in combination with
imipenem. Real-world reports have described successful use of SUL-DUR in combination with carbapenems and
other agents, particularly in complex or drug-resistant cases. Microbiological data suggest synergistic effects
between SULDUR and carbapenems due to complementary inhibition of different penicillin-binding proteins.

Summary

Combination therapy of SUL-DUR with carbapenems remains the preferred strategy in critically ill or high-risk
patients. Future trials should specifically evaluate the comparative efficacy of monotherapy vs. combination
regimens and establish which could be the best companion in the treatment of CRAB infections.
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INTRODUCTION

Over the past two decades, the global spread of carba-
penem-resistant Acinetobacter baumannii (CRAB) has
become a major public health concern, due to its
association with poor clinical outcomes and limited
treatment options [1]. According to the U.S. Centers
for Disease Control and Prevention (CDC), CRAB is
classified as an “urgent threat” pathogen, associated
with over 8500 infections and approximately 700
deaths annually in the United States alone [2,3].
Furthermore, alarming resistance rates have been
reported across Europe, with over 50% of A. baumannii
isolates being carbapenem-resistant in at least 12
countries between 2012 and 2015 [1].

The Infectious Diseases Society of America (IDSA)
recommends to administer sulbactam-based combi-
nation for the treatment of CRAB [4]. Ampicillin-
sulbactam, the most widely available sulbactam-con-
taining formulation, is the preferred agent for treat-
ing CRAB infections. It should be used as part of
combination therapy and administered at high doses
to achieve a total daily sulbactam component of 6-9
g. However, evidence from randomized clinical trials
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supporting the superior efficacy of ampicillin-sulbac-
tam regimens compared to other treatment strategies
remains limited [5]. Moreover, the absence of
EUCAST breakpoints for sulbactam susceptibility in
Acinetobacter species may further complicate its use
in European centers [6]. Other therapeutic options
include polymyxins (e.g., colistin), tigecycline, and
minocycline, possibly in combination regimens to
enhance efficacy [3,7]. However, these agents are
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KEY POINTS

o Sulbactam-durlobactam is a key therapeutic option for
carbapenem-resistant Acinetobacter baumannii (CRAB),
supported by clinical trial evidence and growing real-
world experience.

e Most available clinical data derive from patients with
severe infections, including hospital-acquired or
ventilator-associated pneumonia (HAP/VAP) and
bloodstream infections (BSI), with a few reports also
documenting successful treatment of central nervous
system (CNS) infections.

e The optimal tfreatment regimen remains to be defined;
however, current evidence supports combining
sulbactam-durlobactam with carbapenems or, as
reported in some clinical cases, with cefiderocol.

o Further studies are needed to defermine the best
administration strategies tailored to infection site,
patient clinical condition, and setting.

frequently associated with suboptimal pharmacoki-
netic profiles, nephrotoxicity, or limited clinical effi-
cacy, particularly in critically ill patients [8,9]. High
expectations had been placed on cefiderocol, a side-
rophore cephalosporin with broad-spectrum anti-
bacterial activity, including activity against CRAB.
However, evidence from the registration trial showed
less efficacy compared to traditional regimens (e.g.,
colistin) for the treatment of CRAB [10]. Neverthe-
less, real-world experiences have been much more
promising [11-16]. Therefore, the IDSA guidance
recommends the use of cefiderocol for CRAB infec-
tions that are refractory to other antibiotics or in
cases where there is intolerance to other available
agents, and it should be used as part of combination
therapy [4].

This limited therapeutic armamentarium has led
to treatment failures in many settings, prompting
the need for new, targeted agents with reliable activ-
ity against CRAB [7,17]. In this context, sulbactam-
durlobactam (SUL-DUR) has emerged as a promising
new f-lactam/p-lactamase inhibitor combination
specifically developed for the treatment of CRAB.
Based on evidence from the registrational trial
[18™], the IDSA Guidance recommends SUL-DUR
use in combination with imipenem-cilastatin or mer-
openem [4]. However, growing clinical reports sup-
port the effective use of SUL-DUR both as
monotherapy and in combination with other agents.

The aim of this review is to summarize the current
evidence on the optimal use of SUL-DUR, whether
administered alone, with imipenem-cilastatin, or in
combination with other antimicrobial agents.
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SULBACTAM-DURLOBACTAM

General aspects

Sulbactam-durlobactam is a novel, pathogen-tar-
geted p-lactam/p-lactamase inhibitor combination
specifically designed to address infections caused
by CRAB. SUL-DUR was approved by the U.S. Food
and Drug Administration (FDA) in 2023 for hospital-
acquired and ventilator-associated bacterial pneu-
monia (HABP/VABP) [19] due to Acinetobacter bau-
mannii—calcoaceticus complex in adults. SUL-DUR has
not yet been approved by the European Medicines
Agency (EMA), and a pediatric investigation plan is
currently underway [20].

Sulbactam, a penicillanic acid sulfone, is a p-lac-
tamase inhibitor but has intrinsic antibacterial activ-
ity against A. baumannii, attributable to its affinity for
penicillin-binding proteins PBP1 and PBP3, which
are essential for bacterial cell wall synthesis [21].
However, its activity is significantly diminished in
clinical isolates due to the expression of diverse
p-lactamases, including Ambler class A TEM-1, class
C ADC enzymes, and class D OXA-type carbapene-
mases [22].

Durlobactam is a next-generation diazabicy-
clooctane (DBO) non-p-lactam p-lactamase inhibitor.
It restores the antimicrobial activity of sulbactam
against A. baumannii by inhibiting several p-lacta-
mases [23]. Indeed, durlbobactam has broad-spec-
trum inhibitory activity against Ambler class A, C,
and D serine f-lactamases and is particularly potent
against the OXA-type enzymes, which are key medi-
ators of resistance in CRAB [23]. However, it does not
inhibit class B metallo-p-lactamases (MBLs),
although these are currently less common in A.
baumannii populations [24"]. Unlike earlier DBOs
(e.g. avibactam), durlobactam binds more tightly
to class D enzymes and exhibits greater stability,
thereby restoring sulbactam’s bactericidal activity
[23]. Mechanistically, durlobactam operates via a
reversible carbamoylation of the enzyme’s active site,
allowing it to detach intact and inhibit multiple
enzymes, a property that enhances its catalytic effi-
ciency [24"].

In-vitro activity of sulbactam-durlobactam

Multiple investigations have evaluated the in-vitro
efficacy of SUL-DUR against clinical isolates of the
Acinetobacter baumannii—calcoaceticus (ABC) com-
plex, particularly those exhibiting carbapenem
resistance. In an extensive international study,
SUL-DUR in-vitro activity was tested in 5032 ABC
isolates from different specimens collected from 33
countries between 2016 and 2021 [25"] across
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Europe (42.1%), North America (29.9%), Asia/South
Pacific (13.6%), Latin America (12.6%), and the Mid-
dle East (1.7%). Approximately 80% of the isolates
analyzed were identified as A. baumannii, most
derived from respiratory tract (54.3%), bloodstream
(20.2%) and urinary tract infections (16.5%). When
durlobactam was added to sulbactam at a fixed con-
centration of 4pug/ml, the MICoo was reduced dra-
matically dropping from 64 pg/ml (sulbactam alone)
to 2pug/ml for the combination [25*%]. Applying the
FDA susceptibility breakpoint of <4pg/ml [26],
98.3% of isolates were classified as susceptible to
SUL-DUR. Moreover, the combination retained high
efficacy across challenging resistance phenotypes,
including carbapenem-resistant, colistin-resistant,
and extensively drug-resistant (XDR) strains with
over 96% of isolates in these subsets exhibiting
MIC values within the susceptible range [25].

Sulbactam-durlobactam resistance
mechanisms

One of the most concerning features of A. baumanniiis
its extensive antimicrobial resistance profile. Carba-
penem resistance is mainly driven by the production
of OXA-type class D p-lactamases (e.g., OXA-23, OXA-
24/40, OXA-58), often in combination with decreased
outer membrane permeability and efflux pump over-
expression [7,27]. Although SUL-DUR demonstrates
potent in vitro activity against CRAB, resistance may
still emerge through several mechanisms, mainly the
expression of p-lactamases not inhibited by durlobac-
tam or alterations in target sites:

(1) Metallo-p-lactamases (MBLs): as stated above,
durlobactam is ineffective against class B MBLs,
such as NDM-1, which are capable of hydrolyz-
ing both sulbactam and other p-lactams despite
the presence of durlobactam [24%]. Even if cur-
rently rare in A. baumannii, MBL production
represents a key limitation of SUL-DUR [25™%,28];

(2) Mutations in PBP3: point mutations near the
active site serine of penicillin-binding protein
3 can reduce sulbactam binding affinity [28].
The most commonly identified mutations
include T526S, A515V, and G523V, which alter
the drug-target interaction and may lead to
increased MICs, particularly when combined
with p-lactamase production [28];

(3) Efflux pump activity: although not the primary
driver, overexpression of efflux pumps (particu-
larly Adel] efflux pump, due to mutations in ade/
gene) may contribute to increased MICs by reduc-
ing intracellular concentrations of the active
compounds [29].

0951-7375 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

Pharmacokinetics and pharmacodynamics

SUL-DUR demonstrates favorable pharmacoki-
netic/pharmacodynamic (PK/PD) properties, which
support its use in critically ill populations [30-32].
Sulbactam and durlobactam are administered intra-
venously and show low to moderate protein bind-
ing (38% and 10%, respectively). Both agents have a
relatively low volume of distribution, consistent
with hydrophilic p-lactams [30].

Sulbactam’s activity is primarily time-depend-
ent, relying on the percentage of time that free drug
concentrations remain above the minimum inhib-
itory concentration (%fT > MIC), with a 50%
threshold associated with bactericidal activity. Con-
versely, durlobactam activity correlates to the ratio
of the free area under the concentration-time curve
to the MIC (fAUC/MIC). This parameter reflects the
extent of p-lactamase inhibition over time, suggest-
ing a mechanism of inhibition in which target
occupancy of betalactamase increases progressively
with drug exposure [32].

The approved dosing regimen of SUL-DUR con-
sists of 1g of sulbactam combined with 1g of durlo-
bactam administered every 6h as a 3-h intravenous
infusion. This schedule, which was employed in
clinical trials, has been shown to achieve PK/PD
targets across diverse populations, including in crit-
ically ill patients [19].

SUL-DUR is primarily cleared renally, requiring
dose adjustments in patients with impaired renal
function. Furthermore, patients with augmented
renal clearance may require adjusted dosing intervals
to maintain adequate drug exposure [32,33]. Impor-
tantly, both agents achieve therapeutic concentra-
tions in epithelial lining fluid (ELF), with ELF-to-
plasma AUC ratios of 50% for sulbactam and 36%
for durlobactam [30,34].

SULBACTAM-DURLOBACTAM CLINICAL
EVIDENCE

Registrational trial

The clinical development program for SUL-DUR fol-
lowed a rational, stepwise approach from phase I to
phase III trials (Table 1) to characterize its pharma-
cokinetics, safety, and efficacy.

Phase I trials conducted in healthy volunteers
established pharmacokinetic and safety profile of
both sulbactam and durlobactam when adminis-
tered alone or in combination with imipenem-cilas-
tatin [20-22]. Studies by Rodvold [33] and Lickliter
[34] showed that intravenous SUL-DUR adminis-
tered as 1g/1g over 3h every 6 h was well tolerated,
with predictable plasma and ELF concentrations
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supportive of use in lower respiratory tract. O’'Don-
nell [35] further demonstrated that both agents are
primarily renally excreted and systemic exposure
increases in a predictable manner with declining
renal function, requiring dose adjustment in patients
with moderate to severe renal impairment or end-
stage renal disease. In a phase II study [36], SUL-DUR
was evaluated in hospitalized adults with compli-
cated urinary tract infections (cUTIs), including
acute pyelonephritis. Patients received background
therapy with imipenem-cilastatin and were random-
ized to either SUL-DUR or placebo. SUL-DUR was
well tolerated, with adverse events primarily mild or
moderate in severity. Although this trial was not
powered for efficacy, microbiological success rates
were similar between arms [36].

The pivotal phase III trial, known as the ATTACK
study [18™] was a randomized, noninferiority trial
comparing SUL-DUR vs. colistin, both in combination
with imipenem-cilastatin, for the treatment of adult
patients with severe CRAB infections (e.g. Ventilator-
Associated Pneumonia, VAP, Hospital-Acquired Pneu-
monia, HAP, Bloodstream Infection BSI). The trial was
divided into two parts, according to CRAB susceptibil-
ity profiles (part A: colistin/polymyxin B susceptible
strains; part B: colistin/polymyxin B resistant strains or
where these agents were contraindicated due to neph-
rotoxicity or neuromuscular disorders). In part A, the
study enrolled 181 patients, with 125 included in the
microbiologically modified intention-to-treat popula-
tion for efficacy analysis. The primary endpoint was 28-
day all-cause mortality. SUL-DUR demonstrated non-
inferiority to colistin, with a mortality rate of 19% (12
out of 63) vs. 32.3% (20 out of 62), respectively, cor-
responding to a treatment difference of —13% (95% CI:
—30 to 3.5). Notably, nephrotoxicity occurred signifi-
cantly less frequently in the SUL-DUR arm compared to
the colistin group (13% vs. 38%, P <0.001), highlight-
ing a major safety advantage.

Part B of the ATTACK trial, was designed as an
open-label, nonrandomized observational cohort,
aimed to evaluate the efficacy and safety of SUL-
DUR in patients with infections caused by CRAB strains
resistant to colistin/polymyxin B or where these agents
were contraindicated. A total of 28 patients were
enrolled in Part B, mainly with BSI. All patients received
SUL-DUR plus imipenem-cilastatin, for 7-14days,
adjusted based on renal function. At day 28, all-cause
mortality was 18% (5 out of 28), clinical cure at test-of-
cure 71% (20 out of 28) and microbiological favorable
response was 79% (22 out of 28). These outcomes were
consistent with or better than those observed in the
randomized controlled Part A, suggesting clinical ben-
efit even in this high-risk population.

Notably, all patients in the ATTACK trial received
combination therapy with imipenem-cilastatin,

584 www.co-infectiousdiseases.com

chosen for ensuring coverage in polymicrobial infec-
tions that occurred in almost 30% of cases. Indeed,
monotherapy efficacy of SUL-DUR was not evaluated
in this pivotal trial.

Real-world experience

Emerging data are increasingly supporting the use of
SUL-DUR, mainly as part of combination regimens,
in complex or refractory real-world clinical settings
(Table 2). Several published case reports have
described the use of SUL-DUR via expanded access
protocols for patients with XDR or PDR A. baumannii
infections, particularly when all other therapeutic
options had failed. These cases provide valuable
insights into SUL-DUR application in clinical con-
texts beyond those included in RCTs.

Zaidan et al. [37] described a critically ill patient
with COVID-19 developing VAP and septic shock
caused by XDR A. baumannii. After failure of multiple
agents, including high-dose ampicillin-sulbactam,
polymyxin B, and eravacycline, SUL-DUR was
administered in combination with cefiderocol. Clin-
ical and microbiological cure were achieved within
72h of starting combination therapy, with no
adverse effects reported. The SUL-DUR MIC of A.
baumannii strain was 4 mg/l, consistent with recom-
mended susceptibility thresholds.

Tiseo etal. [38] described another case of a severely
burned patient with VAP due to CRAB resistant to
both colistin and cefiderocol. The patient was treated
with SUL-DUR in combination with colistin due to
concomitant carbapeneme-resistant Pseudomonas aer-
uginosa isolation from respiratory samples. The CRAB
isolate exhibited a SUL-DUR MIC of 1.5mg/l, and
whole genome sequencing revealed multiple resist-
ance determinants (e.g., blaOXA-23, blaOXA-66,
PBP3 mutations). The patient achieved microbiolog-
ical eradication and clinical improvement. Holger
etal. [39] reported the use of SUL-DUR in combination
with meropenem in a patient with necrotizing pneu-
monia and empyema caused by XDR A. baumannii.
This case was notable for SUL-DUR MIC of 8 mg/], just
above preliminary breakpoints. However, the addi-
tion of meropenem resulted in a synergistic effect,
reducing the MIC to 4mg/1 at in vitro testing. Webb
et al. [40] described a kidney transplant recipient who
acquired donor-derived CRAB BSI. The patient was
initially treated with SUL-DUR plus cefiderocol,
achieving clinical and microbiological success. The
therapy was later de-escalated to cefiderocol mono-
therapy after resolution of the acute phase. The com-
bination was selected based on susceptibility data and
to avoid nephrotoxicity in a high-risk patient.

Recently, Mangioni et al. [41], reported a case of
a 65-year-old man with septic shock caused by
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Gram-negative infections

bacteremic pneumonia due to CRAB. The patient was
initially treated with a complex combination regi-
men including cefiderocol, ampicillin/sulbactam,
amikacin, and tigecycline, without clinical improve-
ment. Therefore, SUL-DUR was requested as an
imported medication from the USA and adminis-
tered in combination with cefiderocol. Whole-
genome sequencing of blood and respiratory samples
identified two distinct CRAB strains with different
SUL-DUR MIC values (4mg/l and 0.5 mg/l, respec-
tively). The combination therapy led to a rapid clin-
ical improvement. This case highlights the potential
benefit of a combination therapy regimens in treat-
ing severe CRAB infections, particularly when MIC
values are near the susceptibility breakpoint.

As for difficult to treat infection sites, two case
reports reported the use of SUL-DUR for central
nervous system infections. Tamma et al. [42"]
described the first case of CRAB meningitis success-
fully treated with SUL-DUR in combination with
meropenem, following failure of cefiderocol and
high-dose ampicillin—sulbactam. Drug concentra-
tions of SUL-DUR in CSF were adequate despite
augmented renal clearance, and the patient achieved
sustained microbiological cure. Snowdin et al. [43]
reported a case of postneurosurgical CRAB meningi-
tis and empyema, successfully managed with a com-
bination regimen of SUL-DUR, cefiderocol and
minocycline for six weeks. Microbiological cure
and full recovery were achieved. In vitro synergy
testing supported the use of this triple combination.

Finally, regarding data for SUL-DUR monother-
apy, in a PK/PD assessment of SUL-DUR Kufel [44]
evaluated its use as monotherapy in a patient on
continuous venovenous hemofiltration (CVVH)
with bacteremic VAP due to a CRAB strain showing
a SUL-DUR MIC of 4mg/l. Initial microbiological
response was achieved, but relapse occurred, and
the patient ultimately died.

CONCLUSION

According with reported data from clinical trials and
real-world experiences, the optimal administration
strategy of SUL-DUR remains to be established.

A growing microbiological and structural eviden-
ces supports the synergistic effect between SUL-DUR
and carbapenems, especially imipenem. Veeraragha-
van et al. [45] demonstrated that the combination of
sulbactam, durlobactam, and imipenem resulted in
significant reductions in MIC and exhibited bacter-
icidal activity against CRAB strains harbouring class
D p-lactamases. These findings are explained by sul-
bactam ability to target PBP1 and PBP3, while imi-
penem provides complementary inhibition of PBP2,
together leading to more effective inhibition of
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bacterial cell wall synthesis [45]. Therefore, the com-
bination of sulbactam, durlobactam, and imipenem
may function as a strategy with additive or syner-
gistic effect, rather than SUL-DUR merely being “sup-
ported” by a carbapenem [45,46]. These findings
suggest that the clinical efficacy of SUL-DUR may
be potentiated by co-administration with carbape-
nem, supporting a combination strategy in serious
infections where multiple PBPs must be inhibited for
optimal bacterial killing [1,45].

It is worth mentioning that in clinical practice
SUL-DUR was also successfully combined with cefi-
derocol [37,40,41,43], this usually shows in vitro
activity against CRAB. Thus, in our opinion, the best
companion to SUL-DUR for the treatment of CRAB
infections should be yet investigated.

Another critical factor to use SUL-DUR as a part
of combination regimen, is the frequent occurrence
of polymicrobial infections in critically ill patients.
Currently, there are few data supporting the efficacy
of SUL-DUR against pathogens other than A. bau-
mannii. Thus, empiric combination therapy remains
mandatory in polymicrobial infections, especially in
the early phase of treatment [3,9].

A potential role for SUL-DUR monotherapy [44]
could be hypothesized in selected patient popula-
tions with confirmed monomicrobial CRAB infec-
tions, lower MIC values, and no evidence of
coinfection. However, it should be noted that all
clinical trials assessing SUL-DUR's efficacy evaluated
this drug within a combination regimen with imi-
penem.

Therefore, until further data are available, com-
bination therapy remains the standard of care,
especially in critically ill or immunocompromised
patients [47].
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