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The US Food and Drug Administration recognizes the
unmet medical need for antibacterial drugs to treat seri-
ous bacterial diseases caused by resistant pathogens
for which effective therapies are limited or lacking. The
agency also recognizes that designing and conducting
clinical trials to assess the safety and efficacy of drugs
to treat resistant infections is challenging, especially
for drugs only active against a single or a few bacterial
species, and that a more flexible development program
might be appropriate. In this article, we discuss several
regulatory considerations for flexible development pro-
grams for antibacterial drugs intended to meet an unmet
medical need. As an example, we use the recent approv-
al of sulbactam for injection and durlobactam for injec-
tion (XACDURO) for the treatment of hospital-acquired
bacterial pneumonia and ventilator-associated bacterial
pneumonia caused by susceptible isolates of Acineto-
bacter baumannii-calcoaceticus complex.

s described in guidance from the US Food and

Drug Administration (FDA), the evaluation of
antibacterial drugs for serious bacterial diseases is as-
sociated with several challenges, such as the need to
promptly initiate empiric antibacterial therapy that
might obscure effects of the investigational drug(s)
in noninferiority trials and difficulties with obtaining
informed consent in acutely ill patients (1). Develop-
ing drugs that are active against a single resistant
bacterial species presents additional challenges. The
number of patients with infections with a targeted
resistant phenotype can be relatively small, thereby
slowing accrual of evaluable patients into the trial.
Lack of rapid diagnostics can result in uncertainty
regarding bacterial etiology at the time of enroll-
ment, thereby necessitating continuation of empiric
antibacterial therapy pending confirmation of the
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pathogen of interest. In potentially polymicrobial
infections, such as nosocomial pneumonia, continu-
ing broad-spectrum antibacterial therapy might be
needed throughout the study to provide coverage
for bacterial species against which the study drug
is not active. Ideally, the spectrum of activity of the
concomitant antibacterial therapy should not overlap
with the activity of the antibacterial drug being stud-
ied, but that difference is not always feasible. When
overlapping antibacterial therapy is necessary, it can
confound assessments not only of efficacy but also of
safety of the investigational drug.

For serious bacterial diseases for which effective
treatment options exist, the efficacy of an investiga-
tional drug can be established in a noninferiority trial.
The clinical trial population should include persons
whose illness severity and comorbidities reflect the
patient population with unmet medical need to en-
sure safety and efficacy findings are generalizable
(1). Only patients who have pathogens against which
the control drug has antibacterial activity should be
included in the efficacy analyses in noninferiority
trials. Thus, a higher than anticipated prevalence of
resistance to the selected comparator might require
increasing the initially planned sample size.

The Example of Sulbactam/Durlobactam

Infections caused by carbapenem-resistant (CR) Aci-
netobacter baumannii-calcoaceticus complex (ABC) con-
stitute an area of high unmet medical need. They are
associated with significant mortality rates, ranging
from 38% to 76%; nosocomial pneumonia is the most
common infection type (2-5). In 2020 in the United
States, an estimated 7,500 cases of CR ABC infection
occurred, resulting in 700 deaths (6). Therapies to treat
CR ABC infections are limited because of multiple re-
sistance mechanisms demonstrated by A. baumannii. In
patients with hospital-acquired bacterial pneumonia
(HABP) or ventilator-associated bacterial pneumonia
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(VABP) caused by a CR pathogen that is sensitive only
to polymyxins, treatment with intravenous polymyx-
ins (colistin or polymyxin B) is an option (7). Howev-
er, current treatment guidelines acknowledge that no
clear standard-of-care regimen exists for the treatment
of CR ABC infections (8).

XACDURO (Innoviva Specialty Therapeutics,
Inc., https://www.xacduro.com) is a combina-
tion of sulbactam and durlobactam that is admin-
istered intravenously (9). Sulbactam is an Ambler
class A B-lactamase inhibitor; however, against A.
baumannii, sulbactam exerts its effect by binding to
penicillin-binding proteins, thereby inhibiting cell-
wall biosynthesis (10). An increasing number of
isolates possess >1 P-lactamases that inactivate sul-
bactam (11). Durlobactam is a novel non-p-lactam
B-lactamase inhibitor inactivating several serine
B-lactamases expressed by Acinetobacter that de-
grade sulbactam including those of Ambler classes
A, C, and D. Durlobactam does not have intrinsic
antibacterial activity against A. baumannii.

Approval of sulbactam/durlobactam relied pri-
marily on a single phase 3, randomized, independent
assessor-blinded, active-controlled noninferiority
study in adults with HABP or VABP caused by CR
ABC in which sulbactam/ durlobactam was compared
with colistin (12). A noninferiority margin of 20% was
used in the clinical trial (13). Both treatment arms also
received imipenem/ cilastatin as background therapy
for potential HABP/VABP pathogens other than CR
ABC. The primary efficacy endpoint for the study
was 28-day all-cause mortality.

A total of 177 patients with documented ABC
infections were randomized and received study
drug (91 in the sulbactam/durlobactam group and
86 in the colistin group); 128 of 177 patients were
found to have CR ABC infection susceptible to sul-
bactam/durlobactam and colistin. Among the 128
patients, 125 patients did not withdraw consent
before assessment of survival status at day 28 and
were included in the efficacy analyses. Sulbactam/
durlobactam was found to be noninferior to colistin
for the 28-day all-cause mortality primary endpoint
(sulbactam/durlobactam 19% [12/63] vs. colistin
32.3% [20/62]; treatment difference: —=13.2% [95%
CI -30.0% to 3.5%]).

In many situations, FDA requires 2 adequate
and well-controlled trials to establish effectiveness.
Under certain circumstances, FDA can conclude that
1 adequate and well-controlled trial plus confirma-
tory evidence is sufficient to establish effectiveness.
Factors considered when determining whether re-
liance on a single trial is appropriate include the
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persuasiveness of the single trial and the seriousness
of the disease, particularly when an unmet medical
need exists (14,15). Confirmatory evidence in the
sulbactam/durlobactam development program was
provided by in vitro studies, which were comple-
mented by animal studies in murine neutropenic
thigh abscess and lung infection models that estab-
lished pharmacokinetic/ pharmacodynamic targets
for sulbactam/durlobactam combination and dem-
onstrated that durlobactam restored sulbactam bac-
tericidal activity against A. baumannii isolates pro-
ducing serine B-lactamases (15,16).

Sulbactam and durlobactam pharmacokinetic
data from phase 1, 2, and 3 studies were used for pop-
ulation pharmacokinetic modeling and probability of
pharmacokinetic/ pharmacodynamic target attain-
ment analyses to inform the sulbactam/durlobactam
dosage regimen and susceptibility breakpoints. Phar-
macokinetic/ pharmacodynamic target attainment
results were also provided for drug exposures in epi-
thelial lining fluid where animal and human data on
the lung penetration for sulbactam and durlobactam
were considered. Sulbactam and durlobactam phar-
macokinetics were also evaluated in patients with al-
tered renal function, which informed the dosage in
such patients.

For a drug that is the subject of a more flexible
development program, a safety database should
generally include =300 persons at the dose and
duration of therapy proposed for marketing. The
safety database for the sulbactam/durlobactam
new drug application included 158 participants
who received sulbactam and durlobactam at the
proposed dose and duration, including a phase 2
study in complicated urinary tract infections and
the phase 3 study in HABP/VABP. The safety of
durlobactam was also evaluated in 6 phase 1 stud-
ies in which 123 patients received durlobactam and
72 patients received sulbactam and durlobactam
combinations.

No unexpected safety signals were identified in
clinical studies during the development program,
and the safety profile of sulbactam/durlobactam ap-
peared consistent with other -lactam/p-lactamase
inhibitors. In the phase 3 trial, the incidence of
acute kidney injury was lower in the sulbactam/
durlobactam group (6%) than in the colistin group
(36%) (13). No specific safety concerns were identi-
fied in nonclinical studies of sulbactam and durlo-
bactam. In addition, clinical experience with sul-
bactam, which is approved in the United States in
combination with ampicillin, was considered. Thus,
although the safety database of the sulbactam/
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durlobactam new drugapplication was relatively lim-
ited and some uncertainties remained, because this
combination addresses an unmet medical need for a
serious disease and demonstrated efficacy on the
basis of an all-cause mortality endpoint, FDA de-
termined that the database was adequate to inform
the risk-benefit assessment. During an Antimicro-
bial Drugs Advisory Committee meeting on April
17, 2023, the Committee unanimously voted that the
overall benefit-risk assessment was favorable for the
use of sulbactam/durlobactam for the treatment of
patients with HABP and VABP caused by suscep-
tible strains of ABC organisms (17).

When the approval standard has been met but
uncertainties remain about findings of a potentially
serious risk, the FDA might determine that a post-
marketing study is needed to further characterize
the risk. In the case of sulbactam/durlobactam, a
postmarketing requirement to conduct a single-
arm, open-label, prospective, observational study
to assess safety, including the risk for hypersensi-
tivity reactions, in patients with ABC infection was
issued at the time of approval to collect additional
safety data.

In conclusion, FDA recognizes that challenges to
developing antibacterial drugs to treat serious and
life-threatening infections exist, especially for infec-
tions caused by highly drug-resistant pathogens for
which treatment options are limited. The develop-
ment program for sulbactam/durlobactam illus-
trates the successful use of a flexible development
program for an antibacterial drug to address an
unmet medical need.

The findings and conclusions in this report are those of the
authors and do not necessarily represent the views of the
US Food and Drug Administration.
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etymologia revisited

Picobirnavirus [pi-ko-burrna-vi“ras]

Picobimuvirus, the recently recognized sole genus in the family Pi-
cobirnaviridae, is a small (Pico, Spanish for small), bisegmented (bi,
Latin for two), double-stranded RNA virus. Picobirnaviruses were ini-
tially considered to be birna-like viruses, and the name was derived
from birnavirus (bisegmented RNA), but the virions are much smaller
(diameter 35 nm vs. 65 nm).

Picobirnaviruses are reported in gastroenteric and respiratory infec-
tions. These infections were first described in humans and black-footed
pigmy rice rats in 1988. Thereafter, these infections have been reported
in feces and intestinal contents from a wide variety of mammals with or
without diarrhea, and in birds and reptiles worldwide.
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