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This Journal section presents a real, challenging case involving a multidrug-resistant organism. The case authors present the ration-
ale for their therapeutic strategy and discuss the impact of mechanisms of resistance on clinical outcome. Expert clinicians then pro-
vide a commentary on the case.

ABSTRACT With limited and often toxic treatment options, carbapenem-resistant
Gram-negative infections are associated with significant mortality. Cefepime-zidebac-
tam is a promising antibiotic option undergoing a phase 3 trial that has activity
against diverse antibiotic-resistant mechanisms in Gram-negative pathogens due to
its b-lactam enhancer mechanism, mediating multiple PBP binding. We report a case
of disseminated infection caused by a New Delhi metallo-b-lactamase-producing,
extensively drug-resistant Pseudomonas aeruginosa isolate in a patient with acute T-
cell leukemia, successfully managed with cefepime-zidebactam as a salvage therapy.
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CASE PRESENTATION

An 18-year-old male patient with a known case of acute T-cell leukemia presented to
us with a 1-day history of fever and loose stools on day 32 post-induction chemo-

therapy (prednisolone, daunorubicin, vincristine, and pegylated L-asparaginase). On ar-
rival at the emergency room, he was febrile with tachycardia and hypotension. He was
started on broad-spectrum antibiotics (meropenem and teicoplanin), along with fluid
resuscitation. His hemodynamics improved with aggressive fluid resuscitation in the
emergency room. The source of sepsis was suspected via the right chest wall Hickman
catheter that had been placed for the chemotherapy. Blood cultures were collected from
the catheter, as well as peripheral blood, after which the line was removed.

On day 2 of admission, the patient noted a black discoloration at the right angle of
the mouth, with associated swelling of the right lower lip. The swelling rapidly pro-
gressed over the next 24 h, with black eschar and loss of sensation, indicative of necrotiz-
ing fasciitis (Fig. 1a). He underwent debridement and collection of tissue samples, which
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upon culturing yielded an extensively drug-resistant (XDR) Pseudomonas aeruginosa iso-
late that was resistant to all antibiotics, including carbapenems, ceftazidime-avibactam,
and ceftolozane-tazobactam (colistin susceptibility was determined using the Vitek 2
broth microdilution method). The blood and catheter tip cultures also grew P. aeruginosa
cells with the same susceptibility pattern. The P. aeruginosa isolate was positive for New
Delhi metallo-b-lactamase (NDM) and negative for other carbapenemases, viz., VIM, OXA-48,
KPC, and IMP, tested using the Xpert Carba-R assay (Cepheid, CA, USA).

Thus, the patient was diagnosed with a bloodstream infection (secondary to a line
infection) caused by XDR P. aeruginosa, complicated with necrotizing ecthyma gangre-
nosum. Given the lack of antibiotic options, and while susceptibility to colistin was
being confirmed, a combination of polymyxin B (15x105 IU intravenous [i.v.] loading
dose, followed by 7.5 x105 IU every 12 h [q12h]) and high-dose meropenem (2 g q8h,
i.v. infusion over 3 h) was administered. However, despite treatment with these last-
resort antibiotics, the patient showed persistent fever spikes, with the development of
pancytopenia (hemoglobin, 8 g/dL; total leukocyte count, 3,300 cells/mm3; absolute
neutrophil count, 3,036 cells/mm3; platelets, 20,000 cells/mm3) and new onset of an ox-
ygen requirement. The computed tomography (CT) chest scan was suggestive of bilat-
eral lung consolidation (Fig. 1c), and the respiratory cultures also showed the presence
of XDR P. aeruginosa cells, with a similar antibiotic susceptibility pattern.

On day 5 of the polymyxin B treatment, the patient had difficulty in lifting the bilateral
lower limb, with no bowel or bladder incontinence or sensory involvement. The possibil-
ities of septic emboli involving or compressing the cord, critical illness neuromyopathy,
polymyxin B-induced neurotoxicity, or leukemic involvement of the cord and nerve roots
were considered. A magnetic resonance image (MRI) of the spine was performed and
showed normal features, with no evidence of cord compression or radicular involvement.

Due to the patient’s deteriorating clinical condition, alongside the concern about
polymyxin-induced neurotoxicity, further treatment options, including investigational
antibiotics, were explored. Cefepime-zidebactam is a novel b-lactam and b-lactam enhancer
combination currently in a phase 3 trial. Published in vitro and in vivo studies have shown its
activity against XDR Gram-negative pathogens, including metallo-b-lactamase (MBL)-produc-
ing P. aeruginosa. Antimicrobial susceptibility testing of cefepime-zidebactam (1:1 ratio) was

FIG 1 (a) Ecthyma gangrenosum involving the face, with significant edema and eschar formation (at
presentation); (b) complete healing of the wound and deformed lower lip covered by a removable
lower-lip silicone prosthesis (at the time of discharge); (c) bilateral upper-lobe consolidation (day 12
after admission); (d) complete resolution of consolidation after treatment (day 50 of admission).
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performed both by reference broth microdilution (conducted in triplicate) and Kirby-Bauer
disk (30/30mg) diffusion, as per recommendations from the Clinical and Laboratory Standards
Institute (CLSI) (1). Susceptibility testing showed that all isolates (from blood, tissue, and respi-
ratory samples) were susceptible to cefepime-zidebactam, with an MIC of 8 mg/L (below the
pharmacokinetic/pharmacodynamic [PK/PD] breakpoint of#32 mg/L) (Table 1).

Written informed consent was obtained from the patient’s father. Ethical approval
is not required at our institute to publish anonymous brief reports.

CHALLENGE QUESTION

Which antibiotic regimen would you choose to treat this infection caused by a car-
bapenem-resistant P. aeruginosa isolate harboring NDM?

� Ceftazidime/avibactam plus aztreonam
� Cefepime-zidebactam
� Colistin plus meropenem
� Cefiderocol

After discussing the rationale for choosing cefepime-zidebactam therapy, the patient
was counseled and presented with an opportunity for a compassionate use protocol
with this investigational agent. After the necessary approvals for compassionate use
were obtained, the patient received cefepime-zidebactam (3 g: 2 g cefepime plus 1 g
zidebactam, q8h, 1 h infusion) and in the next couple of days, showed signs of clinical
improvement. On day 4 after stopping polymyxin B, the patient’s lower limb weakness
started improving, further supporting the possibility of polymyxin B-induced neuromy-
opathy. The patient became afebrile after 10 days of cefepime-zidebactam therapy,
blood culture was negative by day 6, and he was off oxygen by day 15. With repeated
debridement and source control, along with cefepime-zidebactam treatment (total dura-
tion of 28 days), the facial swelling improved gradually (Fig. 1b). Our patient tolerated
the 4 weeks of cefepime-zidebactam therapy well, with no drug-related adverse events.

TREATMENT AND OUTCOME

Carbapenem-resistant P. aeruginosa infections are associated with significant mortal-
ity and morbidity (2). The management of such infections continues to be challenging,
as currently approved b-lactam/b-lactamase inhibitor (BL/BLI) combinations have a lim-
ited ability to overcome the various mechanisms of carbapenem resistance. Presently, ef-
ficacy- and safety-compromised polymyxins continue to be last-resort drugs. Although

TABLE 1 Antibiotic susceptibility of the P. aeruginosa isolate recovered from our patienta

Antimicrobial(s)

MIC (mg/L)b by sample type Zone of inhibition (mm) by sample type

InterpretationcBlood Tissue Respiratory Blood Tissue Respiratory
Cefepime .128 .128 .128 0 0 0 R
Cefepime-zidebactam (1:1) 8 8 8 25 26 25 Sd

Imipenem .128 .128 .128 0 0 0 R
Meropenem .128 .128 .128 0 0 0 R
Meropenem-EDTA (200 mM) 32 32 32 0 0 0 NAe

Aztreonam .128 .128 .128 0 0 0 R
Aztreonam-avibactamf 128 128 64 0 0 0 NA
Ceftazidime-avibactam .128 .128 .128 0 0 0 R
Piperacillin-tazobactam .128 .128 .128 0 0 0 R
Ceftolozane-tazobactam .128 .128 .128 0 0 0 R
Colistin 0.25 0.5 0.5 Disk diffusion not recommended I
Tobramycin .128 .128 .128 0 0 0 R
Levofloxacin 64 128 64 0 0 0 R
aBold text indicates the antimicrobials used for successful treatment of our patient.
bMIC values of antibiotics against CLSI quality control strains were within the CLSI-defined ranges.
cS, susceptible; R, resistant; I, intermediate. Interpretation per CLSI criteria for all antibiotics.
dFor cefepime-zidebactam, a PK/PD susceptible breakpoint of#32 mg/L was applied.
eNA, not applicable (no susceptible breakpoints are available).
fFor aztreonam-avibactam, avibactam was employed at fixed 4 mg/L.
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ceftolozane-tazobactam, imipenem-relebactam, and ceftazidime-avibactam are effective
BL/BLI combinations against certain carbapenem-resistant P. aeruginosa isolates, they
are ineffective against MBL-producing isolates. The only approved BL/BLI antibiotic cur-
rently accessible to Indian patients is ceftazidime-avibactam, which is of extremely lim-
ited utility, as NDM is the predominant mechanism of carbapenem resistance even in P.
aeruginosa isolates (3, 4). The combination of ceftazidime-avibactam and aztreonam is
frequently used due to its synergistic mechanisms (avibactam inhibits the extended-
spectrum b-lactamases OXA-48, KPC, and AmpC, whereas aztreonam is stable to NDM),
which are best demonstrated against MBL-producing K. pneumoniae isolates (5, 6).
However, this combination has major gaps with respect to treating infections caused by
carbapenem-resistant P. aeruginosa (including MBL-producing isolates) and Acinetobacter
baumannii isolates, which involve multiple other resistance mechanisms impacting aztreo-
nam, though it is stable to NDM.

Polymyxins have poor pharmacokinetic and pharmacodynamic properties and are
associated with significantly high clinical failure rates. Moreover, they are also linked
with significant neurotoxicity and nephrotoxicity (7). Nevertheless, due to a lack of
treatment options, polymyxins are used as a last-resort therapy for infections caused
by MBL-producing P. aeruginosa isolates. Though there is no randomized trial compar-
ing colistin and polymyxin B, the consensus guidance on the use of polymyxins and
other reports suggests the advantages of polymyxin B over colistin for infections other
than urinary tract infections (8). The addition of carbapenems to polymyxins has not
been shown to be beneficial in treating serious carbapenem-resistant Gram-negative
infections in randomized controlled studies (9, 10).

Our patient had an extensively drug-resistant, NDM-producing P. aeruginosa isolate, pre-
senting us with limited treatment options. The patient’s clinical condition worsened upon
administration of polymyxin B, along with a high-dose extended infusion of meropenem.
Further, the patient developed significant neurotoxicity in the form of bilateral lower limb
weakness, which resolved after stopping polymyxin B. As the isolate from our patient was
an NDM producer, ceftazidime-avibactam was not considered an option for our patient.
Cefiderocol could have been considered an option, as it is known to be effective against
Gram-negative bacteria producing MBLs; however, it is not available for clinical use in India.
Regardless, in our view, cefiderocol would not have been an ideal antibiotic option, consid-
ering its elevated MICs against NDM-producing P. aeruginosa isolates, surpassing FDA
breakpoints coupled with susceptibility testing challenges (11, 12). Thus, in this case, com-
passionate use of the novel b-lactam/b-lactam enhancer antibiotic cefepime-zidebactam
was considered the best option, based on its previously reported consistent activity against
XDR P. aeruginosa isolates, including MBL producers (13).

Cefepime-zidebactam is a unique combination of cefepime with a bicyclo-acyl hydrazide
zidebactam, which acts as a b-lactam enhancer. Zidebactam, besides protecting cefepime
from hydrolysis by certain serine-b-lactamases, also has standalone antibacterial activity,
due to its potent PBP2 binding in all Gram-negative bacteria (14). Moreover, in combination
with cefepime, zidebactam helps overcome other nonenzymatic resistance mechanisms,
such as upregulated efflux and diminished or nonfunctional OprD (15). Several studies have
established the potent activity of cefepime-zidebactam against a range of carbapenem-re-
sistant pathogens, including VIM/NDM-expressing P. aeruginosa isolates coharboring efflux
and impermeability (16, 17). Therefore, with such a pathogen/resistance mechanism cover-
age profile, cefepime-zidebactam seems to be a promising antibiotic option, especially in
countries like India, with its high burden of carbapenem resistance mediated by NDM.

Septic patients with hematological malignancies tend to deteriorate rapidly and
succumb to sepsis. Our patient was managed by a multidisciplinary team, including
hematologists, critical care physicians, orofaciomaxillary and plastic surgeons, and in-
fectious disease physicians. With aggressive source control measures and with cefe-
pime-zidebactam treatment, our patient improved and was ultimately discharged
home. It is noteworthy that cefepime-zidebactam showed a good safety profile in our
patient, with no drug-related adverse events.
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In summary, cefepime-zidebactam appears to be a safe option for the treatment of XDR
P. aeruginosa infections, with broader coverage of resistance mechanisms. It may be consid-
ered a last-line treatment for XDR P. aeruginosa isolates suspected of harboring increasingly
more common MBL enzymes, such as NDM. This was our first experience using cefepime-
zidebactam for the management of an XDR P. aeruginosa infection in cancer patients.
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