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Objectives

 Discuss the burden of antimicrobial resistance 

(AMR)

 Provide an overview of antibiotics in Phase 3 

development

 Summarize clinical trial results of 3 antibiotics 

in Phase 3 development





Antibiotic Use is Correlated with AMR

Relationship between total 

antibiotic consumption and 

Streptococcus pneumoniae

resistance to penicillin in 20 

industrialised countries.

Source: WHO country data, 2000-03

http://apps.who.int/medicinedocs/en/d/Js7920e/1.html

http://apps.who.int/medicinedocs/en/d/Js7920e/1.html
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Sulbactam + Durlobactam

 Sulbactam

 β-lactam widely used as a BLI in combination. 

 Has intrinsic activity against A. baumannii, including Class A β-lactamase producers (binds 

to PBP1 & PBP3)

 Durlobactam

 β-lactamase inhibitor

 Has broader activity against Class A, C and D β-lactamases. 

 Binds to PBP2

 Restores the activity of sulbactam in A. baumannii

◼ An in vitro study of SUL-DUR several A. baumannii isolates reported drug resistance low

 Bacterial spectrum: Inhibitory activity against CRAB ABC

 Route & dosage: 3 h iv infusion q6h x 7 days up to 14 days.

 4/17/23: FDA Advisory Committee voted unanimously that overall benefit-risk 

is favorable for the use of SUL-DUR for treatment of HABP and VABP caused by 

susceptible strains of ABC in adults

CRAB=Carbapenem-resistant Acinetobacter baumannii ; ABC=A. baumannii-calcoaceticus complex

Findlay J, et al. J Global Antimicrobial Resistance; 2022 (30): 445–450



 ATTACK Trial:

 Adult patients with ABC HAP, VAP or bacteremia

 Part A-randomized, controlled portion of the study; durlobactam (1 mg) 

+ sulbactam (1 g) combination (q6h iv infusion) or colistin (2.5 mg/kg) 

(q12h iv infusion), x 7 days, with patients in both arms receiving 

background therapy with imipenem + cilastatin (500 mg, q6h iv infusion)

 Part B-efficacy of SUL-DUR as a single intervention for ABC‐infected 

patients who did not qualify for Part A because the baseline pathogen 

was known to be resistant to colistin as well as subjects with cUTIs and 

acute pyelonephritis or surgical or post‐traumatic wound infections 

(patients also received imi-cil).

Sulbactam + Durlobactam

https://clinicaltrials.gov/ct2/show/results/NCT03894046



https://www.fda.gov/media/167158/download
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Sulopenem

 Synthetic penem; sulopenem etzadroxil oral prodrug. 

 Spectrum: Active against Enterobacterales, including ESBL-producers, but not 

CRE. Gram-positive activity is similar to carbapenems.

 Intended to provide the possibility of an oral switch early during treatment 

in stable patients, opening the option of earlier discharge from the hospital 

or of avoiding hospitalization. 

 Cross-resistance with existing carbapenems has been reported

 Dosage: 

 uUTI in females: Sulopenem-etzadroxil/probenecid 500mg PO twice daily x 5 

days.

 cUTI and cIAI: Sulopenem 1000 mg iv QD X >5 days, followed by sulopenem-

etzadroxil/probenecid 500 mg PO BID x 7–10 days.

Karlowsky JA, et al. Antimicrob Agents Chemother 2018; 63:e01832–18.



 Study Design: Prospective, multicenter, double-blind, 
randomized study

 Study population: 1671 adult female patients with uUTI
receiving sulopenem-etzadroxil 500 mg/probenecid
500 mg PO bid x 5 days vs. ciprofloxacin 250 mg PO 
bid x 3 days

 Primary end point (overall response): combined clinical 
& microbiologic response on day 12. 

 Subsets of mMITT population:

 mMITT-S: baseline pathogens susceptible to ciprofloxacin 
(MIC ≤1 μg/mL)

 mMITT-R: baseline pathogens nonsusceptible to ciprofloxacin 
(MIC ≥2 μg/mL)

Sulopenem SURE-1 Phase 3 Study

Dunne MW, et al.  Clin Infect Dis; 2023: 76(1); 66–77



SURE-1 Results: Primary Efficacy  

Dunne MW, et al.  Clin Infect Dis; 2023: 76(1); 66–77



SURE-1 … REASURRE

 In the mMITT-S population, sulopenem was not noninferior to 
ciprofloxacin, driven largely by a higher rate of ASB in 
those receiving sulopenem (12.7%) vs. cipro (3.9%)

 FDA: additional clinical data will be necessary to support approval 
of the medication for uUTI that are caused by “designated 
susceptible microorganisms proven or strongly suspected to be non-
susceptible to a quinolone.”

 Called for Iterum to conduct an additional clinical study that uses a 
different drug for comparison; also recommended Iterum conduct a non-
clinical study to determine optimal dosing.

 REASSURE: Sulopenem vs. Augmentin for uUTI

 Plan to resubmit NDA to FDA 2nd half of 2024

https://ir.iterumtx.com/press-releases/detail/99/iterum-announces-first-patient-dosed-in-reassure-a-phase-3



Sulopenem SURE-2 Phase 3 Study

 Study population: 1395 adult cUTI patients were 

randomized and parallelly assigned to receive either 

sulopenem iv QD x 5 days followed by sulopenem-

etzadroxil/probenecid PO bid or ertapenem iv once 

daily x 5 days followed by either PO ciprofloxacin or 

amoxicillin-clavulanate bid, depending on the 

susceptibility of the baseline uropathogen.

 Conclusions: Sulopenem did not achieve statistical 

noninferiority to ertapenem, with a difference in 

outcome of 4.7% (95% CI: –10.3 to 1.0) using a non-

inferiority margin of 10%.

Dunne MW, et al. Clin Infect Dis. 2023 Jan 6;76(1): 78-88. 



Gepotidacin

 Novel topoisomerase inhibitor being developed for the 

treatment of uncomplicated urogenital gonorrhea & uUTI

 Route of administration & formulation: Intravenous/oral

 Cross-resistance: Some cross-resistance with FQs reported 

(potentially overlapping/close binding sites).

 Dose: 

 Uncomplicated urogenital gonorrhea: 3000 mg PO (four 750 

mg tablets) at the study site, followed by 3000 mg PO (four 

750 mg tablets) as an outpatient (EAGLE-1)

 uUTI (tested in adult females only): 1500 mg PO (two 750 mg 

tablets) q12h for 5 days (EAGLE-2 & -3)

Watkins RR. JAC, 2023



EAGLE-2 & EAGLE-3 Results

 Halted early as met primary efficacy endpoint; EAGLE-3 demonstrated 

statistical superiority; New FDA endpoints (clinical + micro cure)

 ARDS %: gep>nitro

https://www.gsk.com/en-gb/media/press-releases/gepotidacin-s-positive-phase-iii-data-shows-potential-to-be-the-first-in-a-new-class-of-

oral-antibiotics-for-uncomplicated-urinary-tract-infections/
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New(ish) Antibiotics

 Ceftazidime/Avibactam

 Meropenem/Vaborbactam

 Imipenem/Relebactam

 Ceftolozane/Tazobactam

 Cefiderocol

 Eravacycline

 Omadacycline



Which do you need?

 Depends on local epidemiology and resistance 
rates

 Consult: ID clinicians, microbiology laboratory, and 
antibiogram to assess local applicability

 High risk populations (e.g., immunocompromised, 
transplant, cystic fibrosis, patients with high antibiotic 
exposure, areas of endemic drug resistance)

 Will differ significantly between institutions

 We will take an multi-drug resistant organism 
(MDRO)-based, rather than drug-based approach



New(ish) Antibiotics

 MDROs of interest

 Difficult-to-Treat Resistance 

Pseudomonas aeruginosa 

(DTR-PA)

 Carbapenem-resistant 

Enterobacterales (CRE)

 Carbapenem-resistant 

Acinetobacter baumanii

(CRAB)

 Stenotrophomonas 

maltophila

 Antibiotic “Menu”

 Ceftazidime/Avibactam

 Meropenem/ 

Vaborbactam

 Imipenem/Relebactam

 Ceftolozane/ 

Tazobactam

 Cefiderocol

 Eravacycline

 Omadacycline



Difficult-to-Treat Resistance 

Pseudomonas aeruginosa (DTR-PA)

 DTR-PA = PA that is non-susceptible to pip/tazo, 

cephalosporins, carbapenems, and fluoroquinolones

 Severe, systemic infections:

 Ceftolozane/tazobactam

 Ceftazidime/avibactam (may reserve for CRE)

 Imipenem/relebactam (may reserve for CRE)

 Alternative: Cefiderocol (may reserve for select CRE or 

VIM carbapenemase-producing PA)

 Uncomplicated cystitis:

 Added to above options: single dose aminoglycoside
Tamma et al. CID 2022.   Pogue et al. CID 2020.   Motsch et al. CID 2020.   Stone et al. AAC 2018.   Bassetti et al. Lancet ID 2021.   

Walkty et al. AAC 2014. 



Carbapenem-Resistant 

Enterobacterales (CRE)

 Resistant to all carbapenems, not just ertapenem

 Ertapenem-monoresistance may be treatable with non-
ertapenem carbapenems, if susceptible

 Most commonly KPC in California

 Less commonly metallo-beta lactamase (e.g., NDM, VIM, 
IMP), OXA, or non-carbapenemase-producing

 Genotypic diagnostics enable assessment of CRE 
genotypes enabling better formulary decisions

 Discussion will focus on severe infections

 Mild infections may be treated with non-beta lactams

Adelman et al. OFID 2021.   CDPH HAI Program. https://www.cdph.ca.gov/Programs/CHCQ/HAI/Pages/CRE_InfectionPreventionStrategies.aspx



Carbapenem-Resistant 

Enterobacterales (CRE)

 KPC-producers

 Meropenem/vaborbactam

◼ Active against KPC 1, 2, and 3

◼ Positive observational evidence

 Ceftazidime/avibactam

◼ Active against KPC 1 and 2 (not KPC 3)

◼ Positive observational evidence, however, concerns regarding 

development of resistance on therapy (not seen with MEM/VAB)

 Imipenem/relebactam

◼ Active against KPC, however, limited clinical evidence

 Cefiderocol

◼ Active against KPC, consider reserving for other CRE/MDROs
Tamma et al. CID 2022.   Ackley et al. AAC 2020.   van Duin et al. CID 2018.   Wunderink et al. Infect Dis Ther 2018.   Motsch et al. CID 2020.   

Alosaimi et al. OFID 2020.   Shields et al. AAC 2017.   Karaiskos JAC 2021.   Hakeam et al. IJID 2021.   Alraddadi et al. BMC ID 2019.



Carbapenem-Resistant 

Enterobacterales (CRE)

 NDM-producers

 Ceftazidime/avibactam + Aztreonam

◼ Aztreonam active against NDM-producers while avibactam 

serves to protect aztreonam from other mechanisms (e.g., 

ESBL, ampC, OXA-48-like)

◼ Favorable retrospective clinical evidence vs. polymyxin or 

tigecycline-based therapy

 Cefiderocol

◼ Favorable prospective clinical evidence vs. polymyxin-based 

therapy

◼ No head-to-head data vs. ceftazidime/avibactam + 

aztreonam

Tamma et al. CID 2022.   Falcone et al. CID 2021.   Lodise et al. CID 2020.    Bassetti et al. Lancet ID 2021.   



Carbapenem-Resistant 

Enterobacterales (CRE)

 OXA-48-like producers

 Active: Ceftazidime/avibactam or Cefiderocol

 Not active: meropenem/vaborbactam, 
imipenem/relebactam

 Unknown CRE genotype or Negative genotype test

 Ceftazidime/avibactam, Meropenem/vaborbactam, or 
Imipenem/relebactam

 Tetracycline derivatives

 Beta lactams preferred but tetracycline derivatives can 
be considered as alternative therapy, avoid 
monotherapy in urinary or bloodstream infections

Tamma et al. CID 2022.   de Jonge et al. AAC 2016.   Spiliopoulou et al. AAC 2020.   De la Calle et al. Int J Antimicrob Agents 2019. 



Carbapenem-Resistant Acinetobacter 

baumanii (CRAB)

 Mild infections

 Monotherapy with ampicillin/sulbactam preferred

 Moderate to Severe Infections

 Combination therapy preferred

 Should include ampicillin/sulbactam, if susceptible

◼ High dose recommended by IDSA (27g/day continuous or 
divided q8H)

 Other preferred agents, in combination:

◼ Tetracycline derivatives (minocycline preferred, followed by 
tigecycline, limited data for eravacycline or omadacycline)

◼ Polymyxin B

◼ Cefiderocol (caution: increased mortality in CREDIBLE-CR)

Tamma et al. CID 2022.   Makris et al. Indian J Crit Care Med 2018.   Kaye et al.   Paul et al. Lancet ID 2018.   Sirijatuphat et al. AAC 2014.   

Durante-Mangoni et al. CID 2013.   Aydemir et al. Epidemiol Infect 2013.   Park et al. J Glob Antimicrob Resist 2019.  Jung et al. Crit Care 2017



Stenotrophomonas maltophila

 Mild infections

 Monotherapy with TMP/SMX preferred

 Alternatives: minocycline, tigecycline, levofloxacin, cefiderocol

 Avoid: ceftazidime (even if in vitro susceptible)

 Moderate to Severe Infections

 Combination therapy preferred

 Preferred: TMP/SMX + minocycline

 Alternative #1: TMP/SMX monotherapy with addition of 
second agent if lack of clinical response
◼ Second agent options: Minocycline (preferred), tigecycline, 

levofloxacin, cefiderocol

 Alternative #2: Ceftazidime/avibactam + Aztreonam

 Emerging evidence for eravacycline

Tamma et al. CID 2022.   Muder et al. CID 1996.  Sarzynski et al. OFID 2022.   Mojica et al. mBio 2019.   Hand et al. JAC 2016.   

Tekce et al. JAC 2012.   Bassetti et al. Lancet ID 2021.  Diarra et al. IDNow 2021.  Carr et al. OFID 2020.



Summary

Drug DTR-PA CRE-KPC CRE-NDM CRE-OXA

Ceftazidime/ 

Avibactam

Preferred 

(Reserve)

Alternative

(May develop 

resistance)

Preferred

(combined with 

aztreonam)

Preferred

Meropenem/ 

Vaborbactam
Not active Preferred

Not active
Imipenem/ 

Relebactam

Preferred 

(Reserve)

Alternative

(Limited clinical 

evidence)

Ceftolozane/ 

Tazobactam
Preferred Not active

Cefiderocol
Alternative

(Reserve)

Alternative 

(Reserve)
Preferred Preferred

Eravacycline, 

Omadacycline, 

Tigecycline

Not active
Alternative 

(if no beta lactam options)



Summary (continued)

Preferred Alternative

CRAB

Mild • Ampicillin/sulbactam

Moderate 

to Severe

• Ampicillin/sulbactam 

(high dose) + 

minocycline

• Ampicillin/sulbactam (high 

dose) + one of: tigecycline 

or polymyxin B

Stenotrophomonas maltophila

Mild • TMP/SMX • Minocycline, tigecycline, 

levofloxacin, or cefiderocol

Moderate 

to Severe

• TMP/SMX + 

minocycline

• TMP/SMX + tigecycline

• TMP/SMX + levofloxacin

• TMP/SMX + cefiderocol
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