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Table S1 
Summary of clinical studies of CAZ–AVI.
	No.
	Phase
	Condition or disease
	Ages
	ClinicalTrials.gov. Identifier
	Intervention/treatment
	Actual study completion date
	Investigators

	1
	IV
	CF
	18 years and older (adult, older adult)
	NCT02504827
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg); 2 h IV infusion every 8 h for 1 day
	October 2016
	University of Southern California

	2
	III
	cIAI
	18–90 years (adult, older adult)
	NCT01499290
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg as a 2 h IV infusion every 8 h) followed by metronidazole (500 mg as a 60 min IV infusion every 8 h); or meropenem (1000 mg as a 30 min IV infusion every 8 h); all study treatments were administered for 5–14 days
	April 2014
	AstraZeneca

	3
	III
	cUTI/acute pyelonephritis
	18–90 years (adult, older adult)
	NCT01599806
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg) or Doripenem 500 mg, 2 h or 1 h IV infusion, every 8 h; switch to oral therapy of either 500 mg of Ciprofloxacin or 800 mg/160 mg of sulfamethoxazole/trimethoprim after 5 full days
	August 2014
	AstraZeneca

	4
	III
	cUTI/acute pyelonephritis
	18–90 years (adult, older adult)
	NCT01595438
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg) or Doripenem 500 mg, 2 h or 1 h IV infusion, every 8 h; switch to oral therapy of either 500 mg of Ciprofloxacin or 800 mg/160 mg of sulfamethoxazole/trimethoprim after 5 full days
	August 2014
	AstraZeneca

	5
	III
	cUTI/cIAI
	18–90 years (adult, older adult)
	NCT01644643
	Patients randomized to receive an infusion of CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg); 2 h every 8 h administered by IV infusion in a volume of 100 mL
	September 2014
	AstraZeneca

	6
	III
	cIAI
	18–90 years (adult, older adult)
	NCT01726023
	Every 8 h, either: ceftazidime/avibactam (ceftazidime 2000 mg plus avibactam 500 mg, 2 h infusion) followed by metronidazole (500 mg, 60 min infusion), or meropenem (1000 mg, 30 min infusion)
	March 2015
	AstraZeneca

	7
	III
	NP/VAP
	18–90 years (adult, older adult)
	NCT01808092
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg), 2 h IV infusion every 8 h) or 1000 mg meropenem (by 30 min IV infusion every 8 h) for 7–14 days
	January 2016
	AstraZeneca


	8
	II
	cIAI
	18–65 years (adult, older adult)
	NCT00752219
	CAZ–AVI + metronidazole vs. meropenem
IV infusion 3 times a day
	December 2009
	Pfizer

	9
	II
	cUTI
	18–90 years (adult, older adult)
	NCT00690378
	CAZ–AVI (ceftazidime 500 mg plus avibactam 125 mg) every 8 h or imipenem–cilastatin 500mg every 6 h, IV infusion patients meeting pre-specified improvement criteria after 4 days could be switched to oral ciprofloxacin. Patients were treated for a total of 7–14 days
	July 2010
	Pfizer; Novexel, Inc.

	10
	II
	Neoplasms/febrile neutropenia
	18 years and older (adult, older adult)
	NCT02732327
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg), IV infusion every 8 h for 5–14 days, duration determined by the investigator, plus vancomycin 15 mg·kg–1 IV or linezolid 600 mg IV every 12 h. A switch to open-label oral or IV therapy may be allowed after at least 72 h of inpatient IV study drug
	June 2016
	Forest Laboratories

	11
	II
	cIAI
	3 months to 17 years (child)
	NCT02475733
	CAZ–AVI be administered every 8 h as a 2 h infusion (CAZ–AVI dose and frequency of IV administration will depend upon body weight and renal function) followed by metronidazole to be administered every 8 h as 20–30 min infusion
	June 2017
	Pfizer

	12
	II
	cUTI
	3 months to 17 years (child)
	NCT02497781
	CAZ–AVI to be administered every 8 h as a 2 h infusion (the dose and frequency of IV administration will depend upon body weight and renal function), or cefepime (patients randomized to receive cefepime should receive the dose, schedule and infusion duration as recommended in the local prescribing information or as prescribed by the investigator. The maximum dose of cefepime in any single infusion should not exceed 2000 mg)
	September 2017
	Pfizer

	13
	I
	Healthy male and female Japanese volunteers
	20–45 years (adult)
	NCT01291602
	Avibactam alone (500 mg) or in combination with ceftazidime (ceftazidime 2000 mg plus avibactam 500 mg), IV treatment
	April 2011
	AstraZeneca; PAREXEL Early Phase/California Clinical Trials Medical Group

	14
	I
	Healthy male volunteers
	18–45 years (adult)
	NCT01290900
	CAZ–AVI (ceftazidime 3000 mg plus avibactam 2000 mg), 30 min IV infusion followed by 30 min placebo (saline) infusion for blinding
	May 2011
	AstraZeneca; Quintiles, Inc.

	15
	I
	Healthy volunteers
	18–50 years (adult)
	NCT01395420
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg, or ceftazidime 3000 mg plus avibactam 1000 mg); 2 h IV infusion every 8 h for 3 days (total of 9 doses)
	July 2012
	AstraZeneca; Quintiles Phase I unit London

	16
	I
	Healthy volunteers
	18–50 years (adult)
	NCT01534247
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg), metronidazole (500 mg), or metronidazole followed by CAZ–AVI over 4 days of IV treatment. Subjects received a single dose on the ﬁrst and ﬁnal days, and multiple doses every 8 h on intervening days
	July 2012
	AstraZeneca; QuintilesOverland Park

	17
	I
	Healthy
volunteers
	18–50 years (adult)
	NCT01430910
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg) as a single infusion or as multiple intravenous infusions over 11 days
	October 2012
	AstraZeneca

	18
	I
	Healthy volunteers
	18–45 years (adult)
	NCT01920399
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg), a 2 h IV infusion, once on Days 1 and 9, and every 8 h on Days 2–8
	November 2013
	Shuguang Hospital affiliated with Shanghai University of TCM

	19
	I
	Pharmacokinetics
effect on intestinal flora
	18–45 years (adult)
	NCT01789528
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg) as a 2 h IV infusion every 8 h
	March 2014
	AstraZeneca R&D; Clinical Pharmacology Trial Unit, Karolinska University Hospital Huddinge

	20
	I
	Systemic infections
	3 months to 17 years (child)
	NCT01893346
	A single 2 h intravenous infusion of CAZ–AVI, dosage regimen varies depending on cohort
	October 2014
	AstraZeneca; University of California

	21
	I
	ICU patients
	18–90 years (adult, older adult)
	NCT02822950
	CAZ–AVI (ceftazidime 2000 mg plus avibactam 500 mg) IV infusion over 2 h every 8 h. Patients receive at least 3 doses of CAZ-AVI
	December 2017
	Michigan State University


CF: cystic fibrosis;

Table S2
Summary of other CAZ–AVI resistance mechanisms developed in vitro.
	Protein name
	Resistance mechanism
	Year
	Location
	Country
	Species
	Reference

	KPC-3 mutants
	• D163G substitution of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• P174L substitution of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• T243P substitution of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• Insertion of serine between amino acids 180 and 181 of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• Insertion of two serine residues between amino acids 181 and 182 of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• Insertion of R–A–T–T–S–S–P between positions 183 and 184 of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	
	• Insertion of A-R between positions 265 and 266 of KPC-3
	2015
	NA
	UK
	K. pneumoniae
	 [1]

	KPC-2 mutants
	• R164A substitution of KPC-2
	2015
	NA
	USA
	Escherichia coli
	 [2]

	
	• R164P substitution of KPC-2
	2015
	NA
	USA
	Escherichia coli
	 [2]

	
	• D179A substitution of KPC-2
	2015
	NA
	USA
	Escherichia coli
	 [2]

	
	• D179Q substitution of KPC-2
	2015
	NA
	USA
	Escherichia coli
	 [2]

	
	• D179N substitution of KPC-2
	2015
	NA
	USA
	Escherichia coli
	 [2]

	CTX-M-15 mutants
	• L169Q and S130G substitution of CTX-M-15
	2018
	NA
	France
	Unclear
	 [3]

	
	• D182Y substitution of CTX-M-15
	2018
	NA
	UK and USA
	Escherichia coli
	 [4]

	OXA-48 mutant
	• P68A and Y211S substitution of OXA-48
	2019
	Plasmid
	Norway
	Escherichia coli
	 [5]

	AmpD mutants
	• Frameshifts of AmpD
	2019
	NA
	UK
	P. aeruginosa
	 [6]

	
	• H157R substitution of AmpD
	2019
	NA
	UK
	P. aeruginosa
	 [6]

	AmpC mutants
	• Deletions of various sizes of AmpC
	2015
	Chromosome
	USA
	P. aeruginosa
	 [7]

	
	• R168P/H, G176R/D, N366Y, or small deletions around positions 309–314 of AmpC
	2018
	NA
	UK and USA
	E. cloacae and Citrobacter freundii
	 [4]

	
	• N346Y substitution of AmpC
	2020
	Chromosome and plasmid
	France
	E. cloacae and P. aeruginosa
	 [8]

	AmpC
	• Overexpression
	2018
	Chromosome
	USA, UK, Germany, and Belgium
	P. aeruginosa
	 [9,10]

	MexAB-OprM
	• Overexpression
	2018
	NA
	UK, Germany, and Belgium
	P. aeruginosa
	 [10]

	OmpK35
	• Deﬁciency
	2017
	NA
	China
	K. pneumoniae
	 [11]

	OmpK35 mutant
	• A premature stop codon in OmpK35
	2017
	NA
	USA
	K. pneumoniae
	 [12]

	OmpK36
	• Decreased expression
	2017
	NA
	USA
	K. pneumoniae
	 [12]

	OmpK36
	• Insertions in OmpK36
	2017
	NA
	USA
	K. pneumoniae
	 [12]

	OmpK37
	• Insertions in OmpK37
	2017
	NA
	USA
	K. pneumoniae
	 [12]

	OprD
	• Loss
	2018
	NA
	USA
	P. aeruginosa
	 [9]


R: arginine; A: alanine; T: threonine; S: serine; P: proline; NA: not available.
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Fig. S1. Sequence alignment of KPC variants; deleted residues are indicated with a slash.
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