Key Takeaways SEAIELIH H Take home message

KPC: MEV (preferred) > CAZ-AVI > IMI-REL | NDM/MBL: CAZ-AVI + ATM or cefiderocol | OXA-48-like: CAZ-AVI
Polymyxins NOT recommended | Combination therapy NOT required once B-lactam confirmed active

Non-MBL: C/T, CAZ-AVI, or IMI-REL (preferred) | MBL-producing: cefiderocol (monotherapy)
High cross-resistance C/T ¢ CAZ-AVI - switch to IMI-REL or cefiderocol on recurrence | No combination therapy

PREFERRED: SUL-DUR + carbapenem | ALTERNATIVE: High-dose amp-sulbactam (9g SUL/day) + partner agent
Cefiderocol = last resort, always combine | Do NOT use: carbapenem alone, rifampin, polymyxin monotherapy, nebulized
antibiotics

Always consult an ID specialist for AMR infections. | www.idsociety.org/practice-guideline/amr-quidance/

CAZ-AVI = Ceftazidime-avibactam | MEV = Meropenem-vaborbactam | IMI-REL = Imipenem-cilastatin-relebactam | C/T = Ceftolozane-tazobactam | ATM = Aztreonam | SUL-DUR = Sulbactam-durlobactam | TMP-SMX =
Trimethoprim-sulfamethoxazole | MBL = Metallo-B-lactamase | BSI = Bloodstream infection | UTI = Urinary tract infection | IAl = Intra-abdominal infection



Current treatment for MBLs

» Cefiderocol

» Aztreonam-avibactam (aztreonam + ceftazidime/avibactam)
» Cefepime / Taniborbactam

» Tigecycline / eravacycline

Challenges for the development of MBL inhibitors
» Active site 1n a shallow groove

» Structural diversity

» Superfamily of metalloproteins

Lancet Infect Dis. 2022 Jan;22(1):e28-e34.
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Challenges for the development of MBL inhibitors
 The active site in MBLs is in a shallow groove, with only a few contact points to bind the inhibitor or substrate.
 their large structural diversity, which involves low homology among active site residues and different Zn2+ content. 
 MBLs belong to a superfamily of metalloproteins with diverse biological functions beyond β-lactam hydrolysis. Members of this superfamily share a common protein fold that results in all of them having similar active sites. 



Novel treatment approaches for ESKAPE pathogens
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Fig. 4 | Novel treatment approaches for ESKAPE pathogens. Therapeutic approaches for ESKAPE bacteria (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.) include traditional antibiotics, novel small molecules and non-traditional approaches to augmenting infectivity and virulence. Combination therapy aims to utilize a mechanistic understanding of bacterial defence against antibiotics, such as the see-saw effect between daptomycin and β-lactam anti biotics in Staphylococcus aureus and enterococci, to kill multidrug-resistant pathogens or delay the emergence of resistance. New small molecules, including β-lactam–β-lactamase inhibitor (BL-BLI) combinations, compounds targeting bacterial fatty acid synthesis or the FtsZ protein critical for cell septum synthesis, are currently in clinical development. Bacteriophages, used alone or in combination with traditional antibiotics, offer the promise of a therapy that can evolve alongside resistant microorganisms. Therapies targeting bacterial virulence factors aim to mitigate the ability of bacteria to establish infection or cause severe disease. Immunotherapy such as passively administered monoclonal antibodies and vaccines can leverage the host immune system to reduce colonization, decrease virulence or alter the bacterial response to traditional antimicrobial compounds.


Emerging mechanisms of resistance in Gram-negative pathogens
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Fig. 3 | Emerging mechanisms of resistance in Gram-negative pathogens. The outer membrane of Gram-negative organisms serves as a permeability barrier that restricts the access of antibiotics to their targets in the periplasmic space and cytoplasm. Loss of outer membrane porins decreases drug uptake and contributes to resistance of various antibiotics, most notably β-lactams. Once in the periplasmic space, β-lactam antibiotics face both serine β-lactamases and metallo-β-lactamases capable of hydrolysing the β-lactam ring and inactivating the antibiotic, and alterations in the target penicillin-binding proteins (PBPs) that decrease affinity for these drugs. Additionally, mutations in β-lactamases can alter the specificity of the enzyme, allowing hydrolysis of a wider range of β-lactam substrates, or confer resistance to inhibition by β-lactamase inhibitors. Polymyxin resistance occurs through activation of cell envelope stress response systems, ultimately leading to modification of the lipopolysaccharide of the outer membrane. This can occur via expression of intrinsic genes (eptA or arn locus) or through acquisition of the plasmid-associated mcr gene (not shown). Aminoglycoside resistance occurs through alterations of the ribosome that alter the antibiotic binding site or through aminoglycoside modifying enzymes, which transfer acetyl, phosphate or nucleotide groups to the amide or hydroxyl groups of the antibiotic. In addition, both acquired and intrinsic efflux pumps can lead to resistance to multiple classes of antibiotics, including β-lactams, fluoroquinolones, tetracyclines and aminoglycosides.


Genotypic testing for CRE identification

Main characteristics of the rapid molecular tools so far available for the detection and characterization of the antibiotic resistance genes in multidrug-resistant Enterobacteriaceae

(MDR-Ent).

Molecular tool

Single PCR coupl
standard DNA
Next-generation
methodologieq
Multiplex end-p
Hyplex platform
(commercial)
Real-time PCR

NucliSENS Easy()

platform (com
Multiplex real-ti
Check-Points (cg

LAMP
Microarray
Check-Points
(commercial k
Identibac (commj

MALDI-TOF MS (f
of catalytic acti

MALDI-TOF MS (1
of atomic mass

MALDI-TOF MS
(for mini-sequ

BioFire® FilmArray®

Pneumonia Panel plus

18 (15+3) bacteria, 10 virus, 7 resistance genes

#2k13, 800

i
B3 :~18,000

BACTERIA ATYPICAL BACTERIA ANTIMICROBIAL
Semi-Quantitative Bacteria Qualitative Bacteria RESISTANCE GENES
Acinetobacter calcoaceticus- Chlamydia pneumoniae Carbapenemases
baumannii complex Legionella pneumophila IMP

Enterobacter cloacae complex Mycoplasma pneumoniae KPC

Escherichia coli NDM

Haemophilus influenzae OXA-48-like

Klebsiella aerogenes VIRUSES VIM

Klebsiella oxytoca :

Klebsiella pneumoniae aroun ﬁdenovrr il ESBL

Vo Genotypic testing: gold standard, but high cost and inability to

pseu detect new carbapenemase genes (high specificity of the primer sets) "
Serra |
Stapt . .

step => Phenotypic testing

pratories

ications

1s of isolates

3

s can be

Streprococcus pneumoniae i i
o pr E Parainfluenza Virus H more rapid
reptococcus pyogenes Respiratory Syncytial Virus
4-0 h (starting from sample) +++—+ (Chnical)/ Excellent for clinical applications. However, so far available only Tor research

PCR/ESI-MS

(PLEX-ID, commercial)

Research

Diagn Microbiol Infect Dis. 2013 Nov;77(3):179-94.



Phenotypic testing for CRE identification

Modified carbapenem inactivation method

TABLE 1 Select phenotypic tests for carbapenemase detection in clinical isolates® p 4

&

Carba NP test and variants Lateral flow Targeted carbapenemase assays MALDI-TOF MS hydrolysis
Test parameter Modified Hodge test (10,18-24) (10, 24-29, 32) mCIM (7, 10, 32, 43) immunoassays (11-16) (47-53) approach (28, 54-61)
Carbapenem-resistant Enterobacteriaceae Enterobacteriaceae, Pseudomonas Enterobacteriaceae, P. aeruginosa Enterobacteriaceae Generally Enterobacteriaceae Enterobacteriaceae, P. aeruginosa,
organisms aeruginosa A. baumannii
Accuracy For Enterobacteriaceae, For Emerobacterraceae sensitivity, For Enterobacteriaceae, sensitivity, For Enterobacteriaceae, Accuracy varies by test, e.g., For Enterobacteriaceae,
sensitivity, ~95% and -84% and speaﬁcny IOO% a97% and speaﬁaty 99%; for sen:;ltl\.'lt)-r ‘IOO% OXA-48 disk test sensitivity, sen5|t|\.r|t|es 77%-100% and
RN ¥ S P, nanc. £-0- F G R S P | IR - L. AODL 0 med el ALDL mmd e n MWD e, AODL. DT Ll s NARL A ANADEL

(1) Growth-based assays: measure C-S Ecoh growth in the presence of a carbapenem
ex: modified carbapenem inactivation method and modified Hodge test

“"*(2) Hydrolysis methods: detect carbapenem degradation products, ex: Carba NP test
and MALDI-TOF MS)
merewion (3) Antibody-based method: detect carbapenemase enzymes through the use of

specific antibodies, ex: lateral flow immunoassays x

Total time to
test

(4) Inhibitor-based methods: differentiate carbapenemases by applying class-specific
inhibitors, ex: targeted carbapenemase assays

Turnaround ti

Estimated cost <5$1.00 For manual versions, =5$2.00; cost <51.00 Prices have not yet Varies by test; ranges from <$1.00 if MALDI-TOF MS
increases |f |m|penem based been established SI 00 $6.00; MBL gradient instrument already available
PRSPPI [ 71 B S é£ NN

Limitation of phenotyp1c testmg nability to identity carbapenemase type,
Feaultany stz several hours and multi-steps, limited specificity (false-positive)

aeruginosa; manual Carba NP
is CLSI endorsed

9P, imipenem; IPl, imipenem inhibitor (imipenem plus EDTA); RUOQ, research use only; LDT, laboratory-developed test. Table modified from reference 10.

J Clin Microbiol. 2018 Oct 25;56(11):e01140-18
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MALDI-TOF MS.:matrix-assisted laser desorption–ionization time of flight mass spectrometry

Common phenotypic tests employed by clinical microbiology laboratories include the
MHT, the Carba NP test and its variants, and most recently, the mCIM. These tests identify
carbapenemase production but in their traditional forms lack guidance regarding the
specific carbapenemase being produced. Some modifications to these assays can provide
more information on the specific carbapenemase groups being produced. For example,
although the mCIM is indifferent to the carbapenemase class being expressed, setting up
the test in parallel with the addition of the divalent cation chelator EDTA-mCIM (eCIM)
enables the differentiation of serine and metallo-carbapenemases.
Multiplex lateral flow immunoassays (LFIAs) are actively being investigated as an
approach to identify the specific carbapenemase group being produced, even when
multiple carbapenemases are present simultaneously (11–17). Inhibitor-based methods
are alternative phenotypic approaches that can be used to differentiate between
carbapenemases by applying class-specific inhibitors. For example, the MBL Etest (AB
Biodisk, Solna, Sweden) and the combined EDTA disk test rely on decreased MBL
activity as a consequence of EDTA binding to zinc. Although MALDI-TOF MS is commonly
used by clinical microbiology laboratories for bacterial and fungal genus and
species identification, its role for carbapenemase detection is still evolving.
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Ceftazidime-avibactam combination therapy versus monotherapy
for treating carbapenem-resistant gram-negative infection: a systemic
review and meta-analysis
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30-day mortality Clinical success rate
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Secondary outcomes included clinical success rates, microbiological eradication rates, post-treatment emergent resistance, and adverse events. Clinical success was defined as the resolu tion of symptoms or signs of infection without recurrence, accompanied by survival during the follow-up period. Microbiological eradication was defined as the absence of baseline pathogens in cultures obtained during the follow up period.


Microbiological eradication rate
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Secondary outcomes included clinical success rates, microbiological eradication rates, post-treatment emergent resistance, and adverse events. Clinical success was defined as the resolu tion of symptoms or signs of infection without recurrence, accompanied by survival during the follow-up period. Microbiological eradication was defined as the absence of baseline pathogens in cultures obtained during the follow up period.


Activity of new agents against GNB pathogens
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Types of carbapenemase producers in CRKP

455 CRE 1solates, En Chu Kong Hospital, between 2011 to 2020
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Mechanism of antimicrobial resistance of P. aeruginosa
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Proportion of B-lactamase genes for P. aeruginosa
in the Asia-Pacific region from 2015 to 2019, ATLAS program

(total, n =6,349)
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Antimicrobial Testing Leadership and Surveillance (ATLAS) Program
As the CR P. aerugi nosa isolates from China were not available for multiplex PCR, a total of 747 isolates were screened for b-lactamase genes. 
Multiplex PCR assays were performed to screen for the presence of b-lactamase genes among P. aeruginosa isolates, including class A (blaGES , blaKPC , blaTEM , blaSHV, and blaVEB ), class B (blaIMP , blaNDM , blaVIM , blaSIM , blaGIM , and blaSPM ), and class D (blaOXA-48-like ) b-lactamases as previously described (15).


Susceptibility of ceftolozane/tazobactam for CRPA in Taiwan

Group/region of Taiwan Ward? Year
Percent susceptible to ceftolozane/tazobactam (no. of isolates)
2016 2017 2018 2019 2020 2021
All P. aeruginosa
All regions ICU 96.6 (116) 92.7 (109) 96.8 (93) 93.7 (111) 99.2 (125) 97.6 (127)
non-ICU 96.7 (244) 95.2 (294) 98.4 (250) 98.1 (268) 99.2 (266) 97.1 (243)
Northern ICU 95.2 (21) 83.3 (12) 90.9 (22) 95.0 (20) 100 (13) 96.2 (26)
non-ICU 94.0 (67) 94.0 (50) 97.2 (72) 98.5 (66) 100 (70) 88.4 (43)
Central ICU 94.1 (51) 90.6 (53) 97.1 (35) 97.9 (48) 98.2 (55) 98.1 (52)
non-ICU 100 (53) 96.3 (81) 98.8 (85) 96.5 (57) 98.5 (65) 98.6 (74)
Southern ICU 100 (44) 97.7 (44) 100 (36) 88.4 (43) 100 (57) 98.0 (49)
non-ICU 96.8 (124) 95.1 (163) 98.9 (93) 98.6 (145) 99.2 (131) 99.2 (126)
Carbapenem-resistant P. aeruginosa®
All regions ICU 87.0 (23) 77.8 (18) 92.6 (27) 87.1 (31) 100 (31) 94.9 (39)
non-ICU 93.8 (32) 82.5 (40 92.9 (42) 93.2 (44) 98.3 (58) 88.2 (34
Northern All¢ 89.5 (19) 83.3 (24) 92.0 (25) 100 (22)
Central All 80.0 (10) 90.5 (21) 100 (22) 92.0 (25) 95.0 (20) 100 (19)
Southern All 96.3 (27) 85.2 (27) 96.3 (27) 88.0 (25) 100 (49) 96.9 (32)

2 The ward source of 2.7% (82/3013) of all P. aeruginosa and 3.7% (19/520) of CRPA isolates were not recorded.

b Carbapenem-resistant P. aeruginosa was defined by an isolate testing resistant to either imipenem or meropenem (meropenem was not tested from 2012 to 2015).
¢ Owing to the relatively small number of CRPA identified in some years, the totals from all wards were combined.

ceftolozane/tazobactam cover inherit resistance => increasing acquired resistance in northern region?

J Glob Antimicrob Resist.2023 Sep:34:106-112.
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Activity of new agents against GNB pathogens
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Ceftobiprole, sold under the brand name Zevtera among others, is a fifth-generation[7] cephalosporin antibacterial used for the treatment of hospital-acquired pneumonia (excluding ventilator-associated pneumonia) and community-acquired pneumonia: for MRSA


PCR

Treatment options for CRPA according to mechanism of resistance

(Zerbaxa) (Zavicefta)
CIT CAZ/AVI IMI/REL Cefiderocol ~ Pazomicin  Fosfomycin Colistin
Carbapenemase

Class A No Yes Yes Yes Yes Yes Yes

Class B No No No Yes Variable Yes Yes

Class D No Yes No Yes Yes Yes Yes
(porin) OprD Yes Yes Yes Yes
(efflux) MexAB Yes No Yes Yes
(efflux) MexXY Yes No Yes Yes

Zakhour et al. Antibiotics (Basel).2022 Oct 18;11(10):1432.
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Ceftobiprole, sold under the brand name Zevtera among others, is a fifth-generation[7] cephalosporin antibacterial used for the treatment of hospital-acquired pneumonia (excluding ventilator-associated pneumonia) and community-acquired pneumonia: for MRSA


Efficacy and safety of cefiderocol or best available therapy for the
treatment of serious infections caused by CRGBN (CREDIBLE-CR)

» multicenter, phase 3 RCT, CR-GNB, nosocomial pneumonia, BSI, cUTI, others

Cefiderocol (n=101) Best available
Nosocomial pneumonia therapy (n=49)
Acinetobacter spp* 21/42 (50%) 3/17 (18%)
Cefiderocol Best available Acinetobacter baumannii 19/39 (49%) 3/17 (18%)
(n=40) therapy (n=19) Klebsiella pneumoniae 8134 (24%) 4/16 (25%)
Clinical outcomes Without Acinetobacter spp 6/28 (21%) 4115 (27%) . )
End of treatment Pseudomonas aeruginosa 6/17 (35%) 2/12 (17%) pOlymICI’Oblal
AT 24 (60%; 12 (63% Without Acinetobacterspp ~ 2/11 (18%) 2/11 (18%) infections
43.3_75‘;[) 38. 4—83-,7) Escherichia coli 1/6 (17%) 0/3
Clinical failure 13 (33%) 7 (37%) Without Acinetobacter spp 0/3 0/1
Stenotroph Itophili 80% NA
Indeterminate 3(8%) o enotrophomonas maltophilia  4/5 (80%)
Without Acinetobacter spp 2/3(67%) NA
Test of cure
o . . . Data are n/N (%). NA=not available. *Includes Acinetobacter baumannii (for
Clinical cure 20 (50%; 10 (53%; 39 patients assigned cefiderocol and 17 assigned best available therapy),
33-8-66-2) 28:9-75-6) Acinetobacter nosocomialis (for two patients assigned cefiderocol), and
Clinical failure 16 (40%) 6 (32%) Acinetobacter radioresistens (for one patient assigned cefiderocol).
Indeterminate 4 (10%) 3 (16%) Table 6: All-cause mortality at the end of study by most frequent
baseline pathogen in the safety population

Bassetti et al. Lancet Infect Dis.2021 Feb;21(2):226-240 18


簡報者
簡報註解
A mortality difference was noted for polymicrobial infections of P aeruginosa and Acinetobacter spp, whereas there was no difference when patients had no Acinetobacter spp co-infections at baseline (table 6).


What Are Preferred Antibiotics for the Treatment of DTR
P. aeruginosa that Produce Metallo-3-Lactamase Enzymes?

» For patients infected with DTR PA 1solates that are MBL-producing, the preferred
treatment is cefiderocol.

» Clinical data on the use of cefiderocol as a treatment for MBL-producing PA are
limited.

Tamma et al. Clin Infect Dis.2024 Aug 7:ciae403



In vitro activity of Cefiderocol against CRPA with Metallo-B-Lactamase

SIDERO-WT Surveillance Studies, in north America and Europe from 2014 to 2019

MIC (mg/L) CLSI MIC interpretation
Genotype % % %
(no. of isolates) Antimicrobial agent Range MICsyg MICyy Susceptible Intermediate Resistant
MBL (227)* Cefiderocol 0.008-4 0.25 2 100 0 0
Aztreonan(}—avibactam 0.25—>8 >8 >8 NA' NA NA
(n=176)
Cefepime 2—>64 32 >64 2.6 21.6 75.8
Ceftazidime—avibactam 2—>64 32 >64 1.8 NA 98.2
Ceftolozane—tazobactam 0.5—>64 >64 >64 0.9 0.0 99.1
Ciprofloxacin <0.12—8 >8 >8 1.8 2.2 96.0
Colistin <0.25-4 1 2 0 08.7 1.3
Meropenem 4-—>64 64 >64 ) 3.1 96.9
VIM (200)* Cefiderocol 0.008-4  0.25 1 0 0
Aztreonan(}—avibactam 0.25—>8 >8 >8 NA NA NA
(n=65)
Cefepime 2—>64 32 >64 3.0 24.5 72.5
Ceftazidime—avibactam 2—>64 32 >64 2.0 NA 98.0
Ceftolozane—tazobactam 0.5—64 >64 >64 1.0 0 99.0
Ciprofloxacin <0.12—8 >8 >8 2.0 2.5 95.5
Colistin <0.25-4 1 2 0 98.5 1.5
Meropenem 4->64 64 >64 ) 3.5 96.5
IMP (25)" Cefiderocol 0.12-4 2 4 0 0
Aztre ona‘}n—avibac tam 8—>8 ND*® ND NA NA NA
(n=9)
Cefepime >16—>64 >64 >64 0 0 100
Ceftazidime—avibactam >16—>64 >64 >64 0 NA 100
Ceftolozane—tazobactam >16—>64 >64 >64 0 0 100
Ciprofloxacin >8—>8 >8 >8 0 0 100
Colistin 0.5-2 1 2 0 100 0
Meropenem 8—>64 >64 >64 0 0 100

Wise et al. Microb Drug Resist.2023 Aug;29(8):360-370. 20


簡報者
簡報註解
Most meropenem-nonsusceptible Enterobacterales (n=943), P. aeruginosa (n=1,755), and A. baumannii complex (n=2,726) isolates were interrogated by PCR for b-lactamase genes followed by Sanger sequencing.


Mechanisms of action of key antibiotics for the treatment of multidrug-resistant GNB infections

DNA topoisomerase Cell wall permeability
Fluoroquinolones Polymyxins
(eg, ciprofloxacin) - Colistin
« Polymyxin B

Folic acid synthesis

Sulfonamides

Trimethoprim

Cefiderocol

Entry

Efflux pump Fosfomycin

Iron transporter

Cell wall synthesis Translation
(306 ribosomal subunit)
B-lactams
» Penicillins Aminoglycosides
« B-lactam and B-lactamase Tetracyclines
inhibitor combinations (eq, tigecycline)
= Cephalosporins
- Carbapenems
= Aztreonam

Lancet.2025 Jan 18;405(10474):257-272


簡報者
簡報註解
Several classes of antibiotics are available for the treatment of multidrug-resistant Gram-negative bacterial infections. Their mechanisms of action focus on key aspects of bacterial cell function, such as inhibiting cell wall synthesis (ie, β-lactams and fosfomycin) and function (ie, polymyxins), protein synthesis (ie, aminoglycosides and tetracyclines), folic acid synthesis (ie, trimethoprim and sulphonamides), and DNA replication (ie, fluoroquinolones). Because of increasing antimicrobial resistance, novel antibiotics have been developed to overcome some of these mechanisms; for example, by inhibiting antibiotic modification (ie, β-lactamase inhibitors) or by altering entry pathways (ie, cefiderocol, which enters via iron transporters). This figure was created with BioRender.com. DHF=dihydrofolic acid. PABA=para-aminobenzoic acid. THF=tetrahydrofolate.


Efficacy and safety of sulbactam-durlobactam versus colistin
for the treatment of patients with serious infections caused
by Acinetobacter baumannii-calcoaceticus complex:

a multicentre, randomised, active-controlled, phase 3,
non-inferiority clinical trial (ATTACK)

Keith S Kaye, Andrew F Shorr, Richard G Wunderink, Bin Du, Gabrielle E Poirier, Khurram Rana, Alita Miller, Drew Lewis, John O'Donnell, Lan Chen,

Harald Reinhart, Subasree Srinivasan, Robin Isaacs, David Altarac

Lancet Infect Dis.2023 Sep;23(9):1072-1084



Sulbactam—durlobactam + imipenem-—cilastatin VS Colistin + imipenem—cilastatin

Sulbactam- Colistin, Treatment
durlobactam,  n/N (%) difference, %
n/N (%) (95%Cl)
Primary endpoint
28-day ACM: carbapenem-resistant ABC 12/63(19-0%)  20/62 (32:3%) . -13-2(-30-0t0 3'5)
microbiologically modified ITT
Secondary endpoints
28-day ACM: carbapenem-resistant ABC 8/46 (17%) 16/44 (36%) . -19(-39-1t01.2)
microbiologically evaluable
28-day ACM: microbiologically modified ITT  15/76 (20%) 25/76 (33%) * -13(-28-3t02-0)
28-day ACM: ITT 19/90(21%)  28/85(33%) . ~12(-26-0t0 2-4)
14-day ACM: carbapenem-resistant ABC 4/64 (6%) 12/63 (19%) . -13(-25-7t001)
microbiologically modified ITT
14-day ACM: microbiologically modified ITT  6/77 (8%) 15/77 (20%) . -12(-23-7t003)

> 59 clinical sites in 16 countries

» non-inferiority study (treatment difference was less than +20%)

I
-40

1 | | T T T |
-30 -20 -10 0 10 20 30 40

Favours sulbactam-durlobactam (%) Favours colistin (%)
< >

Mortality rate treatment difference (95% Cl)

Lancet Infect Dis.2023 Sep;23(9):1072-1084



Sulbactam—durlobactam + imipenem-—cilastatin VS Colistin + imipenem—cilastatin

407 @ Risk 38%
[ Injury
1 Failure
304 [ lLoss
&
o
=~ ~24% treatment difference;
o 20
2 p<0-001
-§ 13%
pd
10 —
0 I |
Sulbactam-durlobactam Colistin
(n=91) (n=385)

Incidence of nephrotoxicity measured by modified RIFLE criteria

Lancet Infect Dis.2023 Sep;23(9):1072-1084



versus
Therapy for Carbapenem-Resistant Organisms

OVERCOME study: international, randomized, double-blind, placebo-controlled trial
Colistin + placebo (n=210) vs colistin + meropenem (n=213)
Pneumonia (70%), bacteremia (30%); CRAB (78%), CRE (16%), CRPA (11%)

Table 3. Twenty-Eight-Day Mortality.*

Cause of Mortality

Colistin plus Placebo

Colistin plus Meropenem

Difference (95% CI)f P Value

Table 4. Secondary Outcomes.*

Outcome

Clinical failures:

Microbiologic cure||

Colistin plus Placebo

Colistin plus Meropenem

NEJM Evid. 2023Jan;2(1):10.1056/evidoa2200131.

Difference (95% CI)7 or P Value

Overall 119/184 (65) 110/190 (58) 6.8 (—3.1 to 16.6)
Death by 7 days’ posttreatment 52/184 (28) 39/190 (21) 7.7 (—0.9 to 16.4)
Need for rescue therapy 44/184 (24) 427190 (22) 1.8 (—6.7 to 10.3)
Discontinue due to adverse event 12/184 (7) 21/190 (11) —4.5 (-10.2 to 1.2)
BSI >5 days§ 4/59 (7) 2/67 (3) 3.8 (—3.8 to 11.4)
Oxygenation failure 72/123 (59) 53/117 (46) 12.9 (0.3-25.4)

Pneumonia 96/132 (73) 87/134 (65) 7.8 (—3.3 to 18.9)

Bloodstream infection 23/52 (44) 23/56 (41) 3.2 (-15.5 to 21.3)

Acinetobacter baumannii 95/140 (68) 88/146 (60) 7.6 (—3.5 to 18.7)

CRE 18/32 (56) 16/33 (48) 7.8 (—16.4 to 32.0)

Pseudomonas aeruginosa 12/20 (60) 11/19 (58) 2.1 (—28.8 to 33.0)

Overall 106/163 (65) 103/171 (60) 4.8 (—5.6 to 15.2)
Pneumonia 59/114 (52) 48/115 (42) 10.0 (-2.8 to 22.9)
BSI 47/49 (96) 55/56 (98) —2.3 (-8.8 to 4.2)
A. baumannii 76/121 (63) 74/130 (57) 4.9 (7.2 to 17.0)
CRE 23/29 (79) 24/32 (75) 4.3 (—16.7 to 25.3)
P. aeruginosa 9/19 (47) 6/17 (35) 12.1 (-19.9 to 44.0)



簡報者
簡報註解
為何Colistin + meropenem在CRAB中，有些會有Synergistic effect但有些沒有
因為 colistin + meropenem 的 synergy 不是固定藥理現象，而是取決於每一株 CRAB 的「細胞膜受損程度、β-lactam target 是否仍可被 meropenem 利用、耐藥機轉組合、以及菌株異質性」。所以同樣是 CRAB，有些菌株會 synergy，有些不會。
核心概念可以分成 4 層：
�
1. Colistin 的作用可能讓 meropenem 比較容易進入菌體
Colistin 是 polymyxin，主要作用在 Gram-negative bacteria 的 outer membrane。它會和 LPS 結合，破壞外膜完整性，使細胞膜通透性增加。
因此理論上：
Colistin damages the outer membrane → meropenem penetration increases → meropenem can better reach PBPs → enhanced bacterial killing
這就是為何即使 CRAB 對 meropenem resistant，有時仍可能出現 in vitro synergy。因為 synergy 不是代表 meropenem 單藥變有效，而是 colistin 先把外膜破壞後，讓 meropenem 的「剩餘活性」被放大。
�
2. 但 meropenem 仍需要有「可利用的殘餘作用」
CRAB 對 carbapenem resistance 最常見來自 OXA-type carbapenemases，例如 OXA-23-like、OXA-24/40-like、OXA-58-like，另外也可能有 porin loss、efflux pump、PBP alteration 等。
如果某株菌雖然 meropenem resistant，但仍有部分 β-lactam target vulnerability，colistin 增加通透性後，meropenem 可能還能發揮一些殺菌效果，於是出現 synergy。
但如果該株菌的 meropenem resistance 太強，例如：
carbapenemase 表現量很高 
meropenem MIC 極高 
PBP target 改變明顯 
efflux / permeability defects 合併存在 
β-lactam 進入後也很快被水解或無法有效結合 target 
那麼即使 colistin 破壞外膜，meropenem 進入增加，也未必能產生足夠殺菌效果，因此就不會達到 ≥2-log10 CFU/mL 的 synergy 定義。
換句話說：
Colistin can open the door, but meropenem still needs something meaningful to do after entering.
�
3. CRAB 本身高度異質，不是每株 A. baumannii 都一樣
CID 2026 secondary analysis 中，CRAB / A. baumannii 是主要菌種，而且在接受 combination therapy 的 A. baumannii isolates 中，synergy 出現比例很高，約 84%。但這也代表仍有一部分沒有 synergy。文章也強調 synergy testing 用的是 24-hour time-kill analysis，synergy 定義為合併治療相較於最有效單藥多下降 ≥2-log10 CFU/mL。
這表示在臨床分離株中，CRAB 對 colistin–meropenem combination 的反應是 strain-dependent。原因是不同菌株可能有不同的：
OXA carbapenemase type 與表現量 
outer membrane permeability 
efflux pump 活性 
PBP 結構與表現 
colistin heteroresistance 
biofilm-forming ability 
inoculum effect 
bacterial fitness / growth kinetics 
所以不能只看「CRAB」這個名字，就假設所有株都會 synergy。
�
4. Time-kill assay 看到的是「24 小時殺菌動態」，不是單純 MIC
這點很重要。Synergy 是用 24-hour time-kill analysis 判定，不是用一般 susceptibility report。
有些菌株可能在前幾小時被 combination 快速壓下來，但 24 小時又 regrowth；有些菌株則能維持低菌量。若 24 小時時，combination 沒有比最有效單藥多下降 ≥2-log10 CFU/mL，就不算 synergy。
因此「有無 synergy」會受到以下實驗現象影響：
early killing 是否夠強 
24 小時是否 regrowth 
colistin heteroresistant subpopulation 是否被選出來 
meropenem 是否能延緩 colistin resistance emergence 
combination 是否真正達到 sustained killing 
這也是為什麼 NEJM Evidence 2023 OVERCOME trial 全體分析顯示 colistin + meropenem 並未優於 colistin monotherapy，但 CID 2026 進一步分析「有 in vitro synergy 的菌株」時，才看到 clinical failure 下降的訊號。NEJM trial 的整體結果是 28-day mortality、clinical failure、microbiologic cure 都沒有明顯改善；而 CID 2026 secondary analysis 顯示 synergy-present group 的 adjusted clinical failure 較低，但 mortality 仍未顯著下降。

Colistin–meropenem synergy in CRAB is strain-dependent: colistin may enhance meropenem penetration by disrupting the outer membrane, but synergy requires residual meropenem activity against the isolate and can be lost when carbapenemase activity, permeability defects, efflux, PBP changes, or heteroresistance dominate.


Antimicrobials commonly tested against CRE

Prevalence® of
susceptible isolates

Remarks

Antimicrobial EUCAST MIC breakpoint
indicating resistance

Ceftazidime >4

Cefepime >4

Aztreonam

Piperacillin-tazobactam >16

Ceftazidime-avibactam (Zavicefta) >§

Imipenem >3
Meropenem >8
Doripenem >2
Amikacin >16
Gentamicin >4
Ciprofloxacin >0.5

Trimethoprim-sulphamethoxazole >4

Fosfomycin >32
Tigecycline >2
Colistin >2

<3%
<5%
<5%

<5%

>90%

<5%
<5%
<5%
50%
40%
<5%

<5%
50%
35%
30%

Resistance usually associated with concurrent expression of ESBL or AmpC
p-lactamases

Susceptibility or low-level resistance may be expected in case of metallo-f3-
lactamase carbapenemase expression. Resistance is the rule when other
carbapenemases (KPC, 0XA-48, etc.) or extended spectrum p-lactamases are
co-expressed

Resistance usually associated with high-level expression of extended
spectrum p-lactamases

Susceptibility expected in case of KPC or OXA-48 carbapenemase
expression. Resistance is the rule when metallo-enzymes (NDM, IMP, VIM,
etc.) are expressed

Variable degrees of resistance may occur according to level of
carbapenemase expression and concurrent presence of other mechanisms
of carbapenem resistance

Cross resistance not the rule depending on actual subtype of modifying
enzyme expressed

Very low rates of susceptibility expected in endemic settings of
carbapenem-resistant Enterobacteriaceae prevalence

Sparse data available

Variable results according to the susceptibility method used

Consistent susceptibility data across multiple studies and settings

Broth microdilution recommended to avoid major errors

¢ Conservative estimates based on literature data (average rates) and the author's personal experience.

Clin Microbiol Infect. 2019 Aug;25(8):943-950
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Cefiderocol Non-Inferior but Not Superior to Standard of Care

(GAME CHANGER)

Cefiderocol vs standard of care for hospital-acquired / health-care—associated Gram-negative bloodstream infection
Open-label, parallel-group RCT - 17 tertiary hospitals / 6 countries - Nov 2019-Oct 2023 - cefiderocol 2 g IV q8h (3-h infusion) vs clinician-chosen SOC

POPULATION DESIGN COMPARISON PRIMARY ENDPOINT
504 main analysis (250 cefiderocol / 254 Open-label RCT : non-inferiority (10% Cefiderocol 2 g q8h vs standard of care (up 14-day all-cause mortality (main analysis
SOC) - 127 (25%) carbapenem-resistant margin) then superiority test to 3 active agents) population)
14-day all-cause mortality: cefiderocol vs standard of care (%) Key results — non-inferior, not superior
60 -
o o 14-day mortality (primary)
8 A) vs 7 A) Full population - ARD 1% (95% ClI -3 to 6) - non-inferior
40 -
20% () o Carbapenem-resistant subset
14 A’ vs 10 A’ 14-day mortality - ARD 5% (-7 to 16) - superiority not shown

Full population CR subset Acinetobacter spp 0 o MBL-producing Enterobacterales
50 A’ vs 18 A’ 30-day mortality (8/16 vs 2/11) - cefiderocol safety signal
B Cefiderocol m Standard of care

» Cefiderocol was non-inferior but NOT superior to standard of care — including the carbapenem-resistant subset.

» A higher mortality signal with MBL-producing Enterobacterales urges caution and combination strategies; Acinetobacter outcomes were reassuring.
Lancet Infect Dis 2026;26(2):148-59 - GAME CHANGER trial (NCT03869437)


簡報者
簡報註解
Cefiderocol 對 NDM 不是完全無效，但不能假設一定敏感。�NDM-producing isolates 常見 MIC 偏高，尤其用 EUCAST breakpoint，susceptibility 可能只有約 60–85%，甚至在某些研究 non-susceptibility 接近 40%。這和 KPC/OXA-48 常常 >90–95% susceptible 的概念不同。
機轉上也合理：近年的 mechanistic data 顯示 NDM-1 / NDM-5 可以比 VIM/IMP 更有效地 hydrolyze cefiderocol，因此 NDM-producing Enterobacterales 比 VIM/IMP producers 更容易出現 cefiderocol MIC 上升或 resistance。



Antimicrobials commonly tested against CRE

Prevalence® of
susceptible isolates

Remarks

Antimicrobial EUCAST MIC breakpoint
indicating resistance

Ceftazidime >4

Cefepime >4

Aztreonam

Piperacillin-tazobactam >16

Ceftazidime-avibactam (Zavicefta) >§

Imipenem >3
Meropenem >8
Doripenem >2
Amikacin >16
Gentamicin >4
Ciprofloxacin >0.5

Trimethoprim-sulphamethoxazole >4

Fosfomycin >32
Tigecycline >2
Colistin >2

<3%
<5%
<5%

<5%

>90%

<5%
<5%
<5%
50%
40%
<5%

<5%
50%
35%
30%

Resistance usually associated with concurrent expression of ESBL or AmpC
p-lactamases

Susceptibility or low-level resistance may be expected in case of metallo-f3-
lactamase carbapenemase expression. Resistance is the rule when other
carbapenemases (KPC, 0XA-48, etc.) or extended spectrum p-lactamases are
co-expressed

Resistance usually associated with high-level expression of extended
spectrum p-lactamases

Susceptibility expected in case of KPC or OXA-48 carbapenemase
expression. Resistance is the rule when metallo-enzymes (NDM, IMP, VIM,
etc.) are expressed

Variable degrees of resistance may occur according to level of
carbapenemase expression and concurrent presence of other mechanisms
of carbapenem resistance

Cross resistance not the rule depending on actual subtype of modifying
enzyme expressed

Very low rates of susceptibility expected in endemic settings of
carbapenem-resistant Enterobacteriaceae prevalence

Sparse data available

Variable results according to the susceptibility method used

Consistent susceptibility data across multiple studies and settings

Broth microdilution recommended to avoid major errors

¢ Conservative estimates based on literature data (average rates) and the author's personal experience.

Clin Microbiol Infect. 2019 Aug;25(8):943-950
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Efficacy and Safety of VS
in Patients With Imipenem-nonsusceptible Bacterial Infections

Phase 3, RCT, double-blind,, UTT (52%), pneumonia (38%), IAI (10%)
Pseudomonas aeruginosa (77%), Klebsiella spp. (16%), other Enterobacteriaceae (6%)

Unadjusted
IMI/REL (n = 21) Colistin + Ml (n = 10) Difference Adjusted Difference’
Endpoint n % (95% Cl)° n % (95% CI)? % % 90% Cl
Primary endpoint
Favorable overall response® 15 714 (49.8,86.4) 7 70.0(39.2,89.7) 14 -73 (~275, 21.4)
Hospital-acquired bacterial pneumonia/  7/8 875 (50.8, 99.9) 2/3 66.7 20.8
ventilatorassociated bacterial pneumonia
Complicated intraabdominal infection 0/2° 0.0 0/2° 0.0 0.0
Complicated urinary tract infection 8 72.7(42.9,90.8) b/5 100.0 (51.1, 100.0) -273 (-52.8, 12.8)
Secondary endpoints
Favorable clinical response (day 28) 15 714 (49.8, 86.4) 48 40.0 (16.7 68.8) 314 26.3 (1.3, 51.5)
28-day all-cause mortality 2 95 (1.4, 30.1) 3 30.0(10.3,60.8) =205 -173 (-46.4,6.7)
Treatment-emergent nephrotoxicit\,fh 3/29 10.3 (2.8, 272) 9/16 56.3(33.2, 76.9) -45.9 (-69.1,-18.4)

€ Overall response defined as hospital-acquired bacterial pneumonia/ventilator-associated bacterial pneumonia (HAP/VAP), survival through day 28; complicated intraabdominal infection
(cIAl), clinical response at day 28; complicated urinary tract infection (cUTI), composite clinical and microbiological response 5-9 days after the end of therapy (EOT).

IMI/REL may be preferable to colistin-based therapy for treating carbapenem-nonsusceptible infections,

given that IMI/REL had comparable efficacy but significantly less nephrotoxicity and other AEs.
29
Clin Infect Dis. 2020 Apr 15;70(9):1799-1808


簡報者
簡報註解
CIs are not presented if the number of patients with assessment was <4.
Abbreviations: CI, confidence interval; IMI, imipenem/cilastatin; IMI/REL, imipenem/cilastatin plus relebactam.
aBased on the Miettinen and Nurminen method stratified by infection site.
bBased on the Agresti and Coull method.
cOverall response defined as hospital-acquired bacterial pneumonia/ventilator-associated bacterial pneumonia (HAP/VAP), survival through day 28; complicated intraabdominal infection
(cIAI), clinical response at day 28; complicated urinary tract infection (cUTI), composite clinical and microbiological response 5–9 days after the end of therapy (EOT).
dOne of these patients had cIAI due to Citrobacter freundii encoding Klebsiella pneumoniae carbapenemase KPC-2 and the plasmid-borne AmpC CMY-48; this patient died on day 3 due to
pneumonia, with the cIAI not deemed contributory to this death (indeterminate overall response). The other patient had cIAI due to Pseudomonas. aeruginosa encoding the chromosomal
AmpC PDC-30, with persistence at the on-therapy visit (OTX) and failure at EOT, the on-therapy visit (EFU), and day 28 (unfavorable overall response).
eOne of these patients had cIAI due to P. aeruginosa encoding the chromosomal AmpC PDC-1, with indeterminate response at OTX, response of “improved” at EOT, and indeterminate
response at EFU and day 28 (indeterminate overall response). The other patient had cIAI due to P. aeruginosa isolate encoding the chromosomal AmpC PDC-39, with investigator-assessed
response of “improved” at OTX, “cure” at EOT, and “sustained cure” at EFU and day 28; based on prospectively defined rules, prior to unblinding the patient was imputed as having had an
unfavorable overall response due to having received confounding, protocol-prohibited antibacterial therapy.
fTwo HAP/VAP patients with favorable overall response (ie, alive at day 28) had an unfavorable clinical response at day 28, while 2 cUTI patients had favorable clinical response at day 28 but
(due to lack of microbiologic response) did not have a favorable overall response.
gOf 3 patients with favorable overall response (defined differently for each infection type, see footnote “c”) but lack of day 28 favorable clinical response, 1 patient with HAP/VAP experienced
confirmed clinical failure but was still alive by day 28, 1 patient with HAP/VAP due to P. aeruginosa and Delftia acidovorans had an indeterminate clinical response (ie, extenuating circumstances
precluded response classification, but the patient still required mechanical ventilation and had hypoxemia) but was still alive by day 28, and 1 patient with cUTI was lost to follow-up
by day 28 but had favorable composite clinical and microbiological response 5–9 days after EOT.
hAssessed in evaluable safety population patients (IMI/REL, n = 29; colistin + IMI, n = 16).


versus
for Treatment of CRE Infections

Multicenter, retrospective cohort study in USA from 2015 to 2018
40 % bacteremia, 30 % pneumonia

TABLE 6 Post hoc subgroup analysis®

CZA monotherapy CZA combination therapy MVB monotherapy

group (n = 41) group (n = 64) group (n = 22) P value
No. of clinical successes (%) 26 (63.4) 39 (60.9) 15 (68.2) 0.83
No. of 90-day mortalities (%) 9 (22.0) 20 (31.2) 6 (27.3) 0.58
__ywithin 90 days
No. of recurrences of CRE infection (%) 9 (22.0) 6 (9.4) 3 (13.6) 0.20
No. of increases in study drug MIC in mg/liter (%) 5(12.2) 1(1.6) 0 0.03
No. of emergences of study drug resistance (%) 3(73) 0 0 0.07

TABLE 7 CZA monotherapy MIC increase and emergence of resistance’

Initial infection Recurrent infection Emergence of Duration of Source of Baseline
MIC (mg/liter) MIC (mg/liter) resistance? CZA (days) infection RRT?
0.25 0.75 No 10.6 Intra-abdominal No

0.75 15 No 76 Respiratory No

0.75 12 Yes 103 Respiratory Yes

4 12 Yes 132 Respiratory Yes

2 32 Yes 44 Respiratory Yes

aCZA, ceftazidime-avibactam; RRT, renal replacement therapy.
Emergence of resistance after clinical exposure:

ceftazidime-avibactam: 10% to 20%, meropenem-vaborbactam 3%
Antimicrob Agents Chemother. 2020 Apr 21;64(5):e02313-19; Clin Infect Dis. 2023 Jul 18:ciad428.



Efficacy of in Patients With
Bloodstream Infections Caused by MBL—-Producing Enterobacterales

Prospective observational study, 3 hospitals in Italy and Greece

Table 2. Targeted Antibiotic Regimens Administered in 102 Bloodstream
Infections Due to Metallo-[3-Lactamase—Producing Enterobacterales

Antibiotic Regimen No. (%) (N=102)  Mortality, No. (%) 30- day Kaplan-Meier survival curves
CAZ-AVI + ATM? 52 (51) 10/52 (19.2)
OAAs 1,0
Colistin-containing regimens 27 (26.5) 16/27 (59.3) L. ‘ ‘
Colistin + fosfomycin + 7 6/7 B | CAZ-AVI plus ATM
tigecycline 0.8 - ]
Colistin + fosfomycin 7 5/7 - T
Colistin + meronn~n~m™ = el 2

colistin + ATM - Phase III Aztreonam-Avibactam study:

piperacillin-tazo

Colstin + gentz 1+ REVISIT study: Aztreonam-Avibactam * Metronidazole Versus :
Colistin + cotrin Meeropenem T Colistin for severe GNB infection (UTI and pneumonia)

Colistin alone
Regimens not

containing colis 2 ASSEMBLE study : Infection due to MBL-producing GNB
poeevene*? Clinical cure: 5/12 (41.7%) of the ATM-AVI £ MTZ; 0/3 (0%) of BAT
Tigecycline + fo => TERMINATE => recruit bacteria producing MBL has been challenging — &

Tigecycline + meropenerm us i ——— e

ATM + aminoglycosides 4 1/4 CAZ-AVI plus ATM 52 51 50 4 45 45 )
ATM + fosfomycin 1 01 OAAs 50 %0 36 3 20 29 28
ATM alone 2 1/2

Abbreviations: ATM, aztreonam; CAZ-AVI, ceftazidime-avibactam; OAAs, other active
antibiotics.
2In vitro activity is supported by in vitro synergistic tests.

Mortality: 30-day all-cause Clin Infect Dis. 2021 Jun 1;72(11):1871-1878.
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for the Treatment of Infections Due to MBL-
Producing Pathogens in the CREDIBLE-CR and APEKS-
NP Phase 3 Randomized Studies

CREDIBLE-CR: Cefiderocol (N = 16) vs. BAT (N =7)
APEKS-NP: Cefiderocol (N = 8) vs. Meropenem (N = 3)

Clinical Cure at TOC Eradication at EQT ACM Day 28
CREDIBLE-CR + APEKS-NP* Cefiderocol All Comparators' Cefiderocol All Comparators' Cefiderocol All Comparators'
(N=24) IN=10" N =24) (N =10F (N =24) (N = 10f

Overall 708(17/24) 40.0(4/10) 58.3 (14/24) 30.0(3/10 12.5(324) 50.0 (5/10)
Type of infection

Pneumonia 114(1014) 50.0(3/6) 42.9(6/14) 33.3(2/6) 214(314) 333 (2/6)

Other diagnoses’ 70.0(710) 250(1/4) 80.0(8/10) 250(1/4 010/10) 75.0 3/4)
MBL type

NDM 56.3 (9/16) 33.3 (26" 62.5(10/16) 16.7(1/6) 188(3/16) 50.0 (3/6°)

Non-NDM 100(8/8) 400 (25 50.0 (4/8) 40.0 (25 010/8) 40.0(2/5)
Pathogen type

Enterobacterales 73.3(11/18) 20001/5) 66.7 (10/15) 200(1/5) 13.3(2/15) 60.0(3/5)

Non-fermenters 66.7 (6/9) 60.0 3/5) 44.44f9) 40.0 (2/5) 110/ 40,0 (2/5)

ACM, all-cause mortality; EOT, end of treatment; TOC, test of cure.
Clin Infect Dis. 2022 Sep 29;75(6):1081-1084
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b Other infections: complicated urinary tract infection (cefiderocol: 6; BAT: 3), bloodstream infection/sepsis (cefiderocol: 4; BAT: 1).


Ceftolozane/Tazobactam vs Polymyxin or Aminoglycoside-based
DR or XDR P. aeruginosa infection

A retrospective, multicenter, observational cohort study in America

regimens for Ml

Ceftolozane/ Polymyxin/
Tazobactam Aminoglycoside
Covariate (N = 100) (N = 100) P\alue
Severity of illness and infection-related variables
Intensive care unit at infection 70 68 .76
onset
No sepsis 14 11 .67
Sepsis 48 43 .57
Severe sepsis 15 23 .21
Septic shock 23 23 1.00
Severe sepsis or septic shock 38 46 22
Vasopressors during therapy 30 34 .54
SOFA (sequential organ failure 8 (6-10) 8 (5-10) .48
assessment) score® (n = 54)° (n = 63)°
Polymicrobial infection 40 46 .39
Site of infection
Ventilatorassociated pneumonia 52 51 1
Hospital-acquired pneumonia 12 24 .04
Urinary tract 16 11 A1
Wound 13 8 .36
Other 7 6
Presence of bacteremia 6 8 .58
Treatment-related variables
Infectious diseases consult 100 92 .004
Time to active therapy (hours)® 55.5 (23-80.25) 435 (4.2-72.3) .10
Time to study drug {hours)? 63.5 (45.3-92) 53.3 (5-93) .08
Combination therapy 15 72 <.001

Ceftolozane/ Polymyxin/Aminoglycoside
Outcome Tazobactam (N = 100) (N = 100) PValue
Clinical cure 81 61 .002
In-hospital mortality 20 25 A0
Acute kidney injury 6 34 <.001

Risk
nmuwy  NNT for a clinical cure with ceftolozane/tazobactam: 5

e NNH with AKI with a polymyxin/aminoglycoside: 4
Renal re|
Hypersensitivity reaction 0 1 .32
Neuropathies 0 2 16
Seizures 0 0 N/A
Clostridium difficile on therapy 4 3 .73
C. difficile after therapy before discharge 2 3 .65
C. difficile on readmission 1 2 46
Discharge status
Home 26 14 .15
Skilled nursing facility/long-term acute 54 61
care facility/Other hospital
30-day readmission® 21 (26) 18 (24) .59
30-day readmission due to infection® 12 (15) 11 (15) .82
30-day recurrence® 11 (14) 12 (16) 1.0
90-day recurrence” 13 (16) 12 (16) 1.0
Length of stay from onset of bacteremia 14.5 (9-26) 14 (9-24.5) .65
(days)*®
Intensive care unit length of stay (days)* 16 (9-25) 13 (7-23) 22
Mechanical ventilation duration (days)® 11 (4-18) 11 (4-22) .96

Pogue et al. Clin Infect Dis.2020 Jul 11;71(2):304-310 33
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The number needed to treat for a clinical cure with ceftolozane/tazobactam was 5
the number needed to harm with AKI with a polymyxin/aminoglycoside was 4.



Ceftolozane-Tazobactam versus Ceftazidime-Avibactam
for MDR P. aeruginosa infection

» A retrospective and multicenter cohort study in Saudi Arabia
» 40% received combination therapy, 50% polymicrobial infections, <50% bacteremia or pneumonia

Adjusted Odds®

Outcome? C-T (n=100) CAZ-AVI (n =100) P Value Odds Ratio (95% Cl) Ratio (95% Cl)
Clinical cure 61 66 0.463 0.81 (0.43 to 1.49) 0.92 (0.41 to 2.05)
In-hospital mortality 44 37 0.314 1.34 (0.76 to 2.36) 1.13(0.52 to 2.48)
30-day mortality 27 23 0.514 1.24 (0.65 to 2.35) 1.20 (0.48 to 3.00)
Infection-related mortality 25 19 0.307 1.42 (0.72 t0 2.79) 1.00 (0.40 to 2.52)
Microbiologic outcome*

Eradication 46 43 0.843 0.94 (0.46 to 1.89)

Persistence 32 28
30-day readmission 11 14 0.73
30-day readmission due to infection? 5 8 0.511
30-day recurrence? 8 13 0.364
90-day recurrence 14 16 0.96
Length of hospital stay from onset of infection (days) 30(20to 75) 32 (17 to 66) 0.61
Length of ICU stay from onset of infection (days)® 25(9to 44) 24 (14 to 40) 0.829
Duration of mechanical ventilation (days)” 23 (7 to 45) 21 (8to42) 0.874
Acute kidney injury 23 17 0.289 1.46 (0.69 to 3.14) 1.74 (0.66 to 4.59)

Risk 6 8

Injury 7 1

Failure 6 7

RRT 4 1
Acute liver injury 3 1

C-T, ceftolozane tazobactam; CAZ-AV], ceftazidime-avibactam Almangour et al. Antimicrob Agents Chemother.2023 Aug 17;67(8):¢0040523. 34



Imipenem/Relebactam vs Colistin + Imipenem 1n Patients with
Imipenem-nonsusceptible Bacterial Infections

» Randomized, controlled, double-blind, phase 3 trial; HAP/VAP, cIAl, or cUTI

Table S12: Favorable overall response by baseline pathogen

IMI/REL Colistin + IMI Unadjusted | Adjusted difference®
(N=21) (N=10) difference
n/N % (95% Cl)2 n/N % (95% Cl)2 % % 90% ClI

Citrobacter freundii 0/1 0.0 0/0 - NC NC NC
Enterobacter cloacae 11 100.0 0/0 - NC NC NC
Klebsiella oxytoca 0/0 - 11 100.0 NC NC NC
Klebsiella pneumoniae 1/3 33.3 11 100.0 -66.7 -66.7 NC
KPC-positive Enterobacteriaceaec 1/44 25.09(3.4,71.1) 11 100.0 -75.0 -66.7 NC
Pseudomonas aeruginosa 13/16 | 81.3(56.2,94.2) | 5/8 62.5(30.4, 86.5) 18.8 3.1 -19.8, 38.2

IMI, imipenem/cilastatin; IMI/REL, imipenem/cilastatin plus relebactam

Although not achieving statistical significance, potentially due to the small sample size, the numerical differences
suggest improved outcomes with use of imipenem-cilastatin-relebactam over colistin-based regimens.

Motsch et al. Clin Infect Dis.2020 Apr 15;70(9):1799-1808 35


簡報者
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cOverall response defined as hospital-acquired bacterial pneumonia/ventilator-associated bacterial pneumonia (HAP/VAP), survival through day 28; complicated intraabdominal infection (cIAI), clinical response at day 28; complicated urinary tract infection (cUTI), composite clinical and microbiological response 5–9 days after the end of therapy (EOT). 


Resistant mechanism of DTR P. aeruginosa to newer p-Lactam Agents

» Ceftolozane-tazobactam and ceftazidime-avibactam: amino acid substitutions,
insertions, or deletions in Pseudomonas-derived cephlosporinase (AmpC variants)

» Imipenem-relebactam: loss of OprD (porin) and overexpression of efflux pumps

» Cefiderocol: mutations in the TonB-dependent iron transport system, amino acid
changes in PDCs, modifications in the PBP3 target

* Cross-resistance: ceftolozane-tazobactam <=> ceftazidime-avibactam (30-86%);
ceftolozane-tazobactam => cefiderocol (21%)

Tamma et al. Clin Infect Dis.2021 Dec 6;73(11):e4599-e4606; Tamma et al. Clin Infect Dis.2024 Aug 7:ciac403; Hareza et al. Antimicrob Agents Chemother.2024 Oct 8;68(10):¢0090724
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ceftolozane-tazobactam <= ceftazidime-avibactam (16%)


Prevention => identify risk factors => Treatment
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Risk factor for MDR PA nosocomial pneumonia

» Prior airway colonization by P. aeruginosa
» Previous antibiotic treatment
» Solid cancer

» Shock

» Alcohol abuse

» Pleural effusion

» Chronic liver disease

» Prior use of carbapenems

» Prior use of fluoroquinolones
» Duration of therapy

» APACHE II score

Zaragoza et al. Crit Care.2020 Jun 29;24(1):383 37



Interlinked and mechanistic regulatory network in P. aeruginosa
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Fig. 1 Schema of P. aeruginosa pathogenesis. P. aeruginosa can be traced everywhere including hospital environments and cause serious infection of almost any organ. LPS induces TLR-4-dependent and-independent inflammatory responses in the lung after bacterial infection, epithelial cells secrete cytokines and chemokines, thereby recruiting and activating innate immune cells and adaptive immune cells. The recruitment of neutrophils is a sign of inflammatory response activation. Although the activation of neutrophils is critical for host defense, excessively activated immune cell infiltration will cause severe tissue damage and aggravate bacterial infections.478 Therefore, studying the balance between the virulence factors secreted by bacteria and corresponding host immunity is important for the treatment of infections


Promising novel therapeutics for P. aeruginosa

Development of vaccines is slow
Vaccine targets:

LPS, OMP: high rates of variations
and mutations

Flagella: toward motile bacteria
instead of biofilms-forming strains

Novel antibiotic

Novel therapeutics

for P. aeruginosa

Phage neutralizing antibodies
and exotoxins during phage

CRISPR systems for editing

preparations Genome editing genes of host and bacteria
Phage cocktails
\
‘§'0
. >
Good for drug, gene and vaccine N é@.o“*
deli biofil 10n; | ¢
elivery, biofilm penetration; - R o
. : o
drawback: host immune responses Aahpey ke ¥

Qin et al. Signal Transduct Target Ther.2022 Jun 25;7(1):199.40
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Both the gene editing and nucleic acid-based antibiotics need to be delivered into the host and cross spontaneously bacterial cell walls and membranes.
OMP: outer menbrane protein


TAKE HOME MESSAGE

» Versatile mechanisms of antimicrobial resistance in P. aeruginosa include
intrinsic, acquired and adaptive resistance.

»Monitor the prevalence and class of carbapenemase in P. aeruginosa could be
important for DTR-PA infection in the future. (AST 1s indicated nowadays)

» Ceftolozane-tazobactam, ceftazidime-avibactam, and imipenem--relebactam are
preferred for DTR-PA pneumonia; cefiderocol 1s an alternative treatment option.

» Issues for newer -lactam agents: empirical treatment, exchange between newer
agents, frequency of resistance, cross-resistance...
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versus
Therapy for Carbapenem-Resistant Organisms

OVERCOME study: international, randomized, double-blind, placebo-controlled trial
Colistin + placebo (n=210) vs colistin + meropenem (n=213)
Pneumonia (70%), bacteremia (30%); CRAB (78%), CRE (16%), CRPA (11%)

Table 3. Twenty-Eight-Day Mortality.*

Cause of Mortality

Colistin plus Placebo

Colistin plus Meropenem

Difference (95% CI)f P Value

Table 4. Secondary Outcomes.*

Outcome

Clinical failures:

Microbiologic cure||

Colistin plus Placebo

Colistin plus Meropenem

NEJM Evid. 2023Jan;2(1):10.1056/evidoa2200131.

Difference (95% CI)7 or P Value

Overall 119/184 (65) 110/190 (58) 6.8 (—3.1 to 16.6)
Death by 7 days’ posttreatment 52/184 (28) 39/190 (21) 7.7 (—0.9 to 16.4)
Need for rescue therapy 44/184 (24) 427190 (22) 1.8 (—6.7 to 10.3)
Discontinue due to adverse event 12/184 (7) 21/190 (11) —4.5 (-10.2 to 1.2)
BSI >5 days§ 4/59 (7) 2/67 (3) 3.8 (—3.8 to 11.4)
Oxygenation failure 72/123 (59) 53/117 (46) 12.9 (0.3-25.4)

Pneumonia 96/132 (73) 87/134 (65) 7.8 (—3.3 to 18.9)

Bloodstream infection 23/52 (44) 23/56 (41) 3.2 (-15.5 to 21.3)

Acinetobacter baumannii 95/140 (68) 88/146 (60) 7.6 (—3.5 to 18.7)

CRE 18/32 (56) 16/33 (48) 7.8 (—16.4 to 32.0)

Pseudomonas aeruginosa 12/20 (60) 11/19 (58) 2.1 (—28.8 to 33.0)

Overall 106/163 (65) 103/171 (60) 4.8 (—5.6 to 15.2)
Pneumonia 59/114 (52) 48/115 (42) 10.0 (-2.8 to 22.9)
BSI 47/49 (96) 55/56 (98) —2.3 (-8.8 to 4.2)
A. baumannii 76/121 (63) 74/130 (57) 4.9 (7.2 to 17.0)
CRE 23/29 (79) 24/32 (75) 4.3 (—16.7 to 25.3)
P. aeruginosa 9/19 (47) 6/17 (35) 12.1 (-19.9 to 44.0)
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Between 2012 and 2020
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The Impact of Synergistic Therapy Between Colistin and
Meropenem on Outcomes of People With Pneumonia or
Bloodstream Infection Due to Carbapenem-Resistant
Gram-Negative Pathogens

Mariya Huralska,"*“ Jason M. Pogue,>® Michael Rybak,® Jacinda C. Abdul-Mutakabbir,"“ Kyle Stamper,> Dror Marchaim,’ Visanu Thamlikitkul,*®
Yehuda Carmeli,” Cheng-Hsun Chiu,®“ George Daikos,”” Sorabh Dhar,"” Emanuele Durante-Mangoni,'""” Achilles Gikas,'> Anastasia Kotanidou,’

Mical Paul,”® Emmanuel Roilides,'"“ Michael Samarkos,*” Matthew Sims,'® Dora Tancheva,'’ Sotirios Tsiodras,'® Daniel H. Kett,' Gopi Patel, *®
David P. Calfee,”"” Leonard Leibovici,”” Laura Power, > Silvia Munoz-Price,* Hamadullah Shaikh,' Laura Susick,”* Katie Latack,” Christine Chiou,?
George Divine,”" Varduhi Ghazyaran,” and Keith S. Kaye'”
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Study Design

:&% 407 critically ill patients Synergistic combination therapy 146 vs. functional monotherapy 261

COliStin + a 24-hour time-kill analysis Synergy = > 2-log CFU/mL reduction vs. the most active single agent
Meropenem Cohort: Pneumonia 70% - CR Acinetobacter baumannii 79% - ICU 69%

Key Results

& CRGNB

o
InfeCthIl Overall clinical failure Pneumonia subgroup 28-day mortality

Outcomes 55-3% vs 64.3% 62-6% vs 71.8% 38-3% vs 41.4%

Carbapenem-resistant Gram-negative
bacilli — pneumonia / bloodstream

aOR 0.62 - P =.049 aOR0.55 - P=.04

Synergy vs monotherapy (adjusted,

S Significantly lower failure Similar (study underpowered)

Synergistic colistin + meropenem therapy was associated with lower clinical failure than non-synergistic colistin-

based therapy, most notably in pneumonia and A. baumannii infection. Since synergy was present in >80% of A.
baumannii isolates, adding meropenem may be considered when treating severe A. baumannii infection with

polymyxin-based therapy.

Clin Infect Dis - 2026;82(3):391-8 - Huralska, Pogue et al.
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.

Underlying characteristics and demographic data of the 48 patients infected with carbapenem-resistant )
Enterobacterales or carbapenem-resistant Pseudomonas species. Apr" to August 202 1; NTUH

CZA resistant: 41.6% (20/48)

No. (%) of patients infected with indicated isolates

Characteristic All isolates Enterobacterales Pseudomonas spp.
(n = 48) (n = 34) (n=14) *. Among the 48 isolates, 13 (27.1%)
Age (years) Mean= S.D. 69.9 + 16.1 69.2 + 175 716 + 11.9 carried MBLs (one with two MBLs), 10
Male 34 (70.8) 22 (64.7) 12 (85.7) (20.8%) carried SBL, and two
Underlying diseases ) !
Malignancy 26 (54.2) 15 (57.7) 11 (42.3) carried both MBL and SBL.
Diabetes mellitus 20 (41.7) 13 (65.0) 7 (35.0) * Sixteen out of the 20 isolates (80.0%)
Other endocrine diseases? 7 (14.6) 5(71.4) 2 (28.6) ) ) )
COPD 9 (18.8) 9 (100) 0 of the CZA-resistant isolates carried at
CKD stage > 3 15 (31.3) 13 (86.7) 3 (20.0) least one MBLs
Cardiovascular diseases 34 (70.8) 23 (67.6) 11 (32.4) * 0 K . isolat .
Previous CVA 8 (16.7) 7 (87.5) 1(12.5) - Une K. pneumoniae isolate carrying
Other neurological disorders® 10 (20.8) 8 (80.0) 2 (20.0) bla OXA-48 and four isolates (two P.
Diﬂgﬁ:‘;;rsdlse“es 11 (22.9) 6 (545) > (45.5) aeruginosa, one E. coli, and one K.
Pneumonia 29 (60.4) 19 (55.9) 10 (71.4) pneumoniae ) without carbapenemases
Bacteremia 24 (50) 13 (38.2) 11 (78.6) were resistant to CZA.
UTI 10 (20.8) 9 (26.5) 1(71) . _
IAI 7 (14.6) 6 (17.6) 1(71) . among carbapenemase—encoding
Wound infection 11 (22.9) {23 5) 3 (21.4) genes, the proportion of CRE Carrying
Shock (35 4) 1(32.4) 6 (42.9) ) . .
ICU admission after onset 4 (50.0) 8 (52.9) 6 (42.9) MBL was higher than previous data in
120-day mortality 4 (50.0) 5 (44.1) 9 (64.3) Taiwan, 5 and might indicate a rapid
Discharge 4 (50.0) 8 (52.9) 6 (42.9) .
Discharge to another institute 9 (18.8) {23.5) 1(71) emergence of MBL resulting in reduced
Discharge to home 15 (31.3) 11 (32.4) 4 (28.6) CZA susceptibilities.

J Infect.2023 Jan;86(1):66-117.


簡報者
簡報註解
34個CRE中，18個CRKP, 16CR Ecoli;  CZA resistant: 20/48


Infection (2024) 52:19-28
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REVIEW

Ceftazidime-avibactam versus polymyxins in treating patients
with carbapenem-resistant Enterobacteriaceae infections:
a systematic review and meta-analysis

Jinglan Chen'?3. Qin Hu'*®. Pengxiang Zhou*® - Sheng Deng'

®

Check for
updates

Infection.2024 Feb;52(1):19-28.



Thirty-day mortality of the CAZ—AVI-based therapy compared with
polymyxin-based therapy in CRE infections

CAZ-AVI Polymyxins

1.1.1 Polymyxin B

Chen 2021 6 35 40 103 11.2%
Fang 2021 3 37 23 78 5.8%
John 2019 9 42 19 75 13.0%
Meng 2022 1 7 22 30 2.4%
Satlin 2022 2 21 8 26 3.8%
Zheng 2020 29 82 57 82 30.6%
Zhou 2021 0 4 17 28 1.2%
Subtotal (95% Cl) 228 422 68.0%
Total events 50 186

Heterogeneity: Tau? = 0.00; Chi* = 5.79, df = 6 (P = 0.45); I = 0%
Test for overall effect: Z = 5.29 (P < 0.00001)

1.1.2 Colistin

Falcone 2021 10 52 16 27 14.7%
Hakeama 2021 12 32 12 29 15.2%
Shields 2017 1 13 9 30 2.1%
Subtotal (95% Cl) 97 86 32.0%
Total events 23 37

Heterogeneity: Tau? = 0.33; Chi* = 5.70, df = 2 (P = 0.06); I = 65%
Test for overall effect: Z = 1.65 (P = 0.10)

Total (95% Cl) 325 508 100.0%
Total events 73 223

Heterogeneity: Tau? = 0.05; Chi* = 11.56, df = 9 (P = 0.24); I’ = 22%
Test for overall effect: Z = 4.76 (P < 0.00001)

Test for subarouo differences: Chi?=0.00.df=1(P=0.97). F=0%

Risk Ratio

0.44 [0.20, 0.95)
0.27 [0.09, 0.86]
0.85[0.42, 1.70]
0.19[0.03, 1.21)
0.31[0.07, 1.30]
0.51[0.37, 0.70]
0.17 [0.01, 2.34]
0.50 [0.38, 0.64]

0.32[0.17, 0.61]
0.91[0.49, 1.69)
0.26 [0.04, 1.82]
0.49 [0.21, 1.14)

0.49 [0.37, 0.66)

Risk Ratio

L 4

4 4
1

0.01

0.1 1 10 100
Favours [CAZ-AVI] Favours [Polymyxins)

Infection.2024 Feb;52(1):19-28.


簡報者
簡報註解
Clinical cure was defined as the resolution of clinical signs and symptoms of infection, as documented by the clinician, along with follow up data indicating that the patient has achieved microbio logical eradication [19]. Microbial clearance was defined as negative CRE culture after antibacterial therapy. CAZ–AVI based therapy was defined as treatment with CAZ–AVI or in combination with other antibacterial agents. Polymyxin based therapy was defined as treatment with polymyxin or in combination with other antimicrobial agents other than CAZ–AVI [20].


Clinical cure

Microbial
clearance

Acute kidney
injury

CAZ-AVI Polymyxins
JC] () J ] AL E cl = cl A =‘. 1
Fang 2021 19 37 9 78 30.7%
Hakeama 2021 15 32 6 29 25.2%
Shields 2017 11 13 12 30 44.1%
Total (95% CI) 82 137 100.0%
Total events 45 27

Heterogeneity: Tau? = 0.07; Chi*=3.33, df =2 (P = 0.19); I’ = 40%
Test for overall effect: Z = 4.04 (P < 0.0001)

Risk Ratio

2.27 [1.02, 5.05)
2.12 [1.29, 3.47)

2.70 [1.67, 4.38)

Risk Ratio
_._
+
_._
il
0.01 0.1 1 10 100

Favours [Polymyxins] Favours [CAZ-AVI]

Test for overall effect: Z =0.91 (P = 0.36)

CAZ-AVI Polymyxins Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
Fang 2021 30 37 20 78 32.3% 3.16 [2.10, 4.786) =
Zheng 2020 66 82 27 82 67.7% 2.44 [1.76, 3.39] . 3
ota 5% U . . 7, .
Total (95% CI) 119 160 100.0% 2.68 [2.07, 3.46] <
Total events 96 47
i ChiZ = = N - 12 =00 I } i i
Heterogeneity: Chi .0.9_4. df=1(P=0.33); I?=0% 0.01 0.1 1 10 100
Test for overall effect: Z = 7.55 (P < 0.00001) Favours [Polymyxins] Favours [CAZ-AVI]
CAZ-AVI Polymyxins Risk Ratio Risk Ratio
T v n % CI - om, 95% CI
Fang 2021 9 37 8 78 44.8% 2.37 [1.00, 5.65] =}
Hakeama 2021 3 32 3 29 18.3% 0.91 [0.20, 4.14] :
Sallin 2022 5 21 7 26 36.9% 0.88 [0.33, 2.39]
Total (95% Cl) 90 133 100.0% 1.38 [0.69, 2.77] N
Total events 17 18 . . . )
Heterogeneity: Tau? = 0.08; Chi2 = 2.55, df = 2 (P = 0.28); I2 = 22% S =2 - 55 100

Favours [CAZ-AVI] Favours [Polymyxins]

Infection.2024 Feb;52(1):19-28.


簡報者
簡報註解
The results of this study indicate that there was no significant difference in the inci dence of severe kidney injury between patients treated with polymyxin and those treated with CAZ–AVI. This may be attributed to insufficient attention paid to the comparison of nephrotoxicity between CAZ–AVI and polymyxin, resulting in inadequate sample size and inaccurate findings.

Clinical cure was defined as the resolution of clinical signs and symptoms of infection, as documented by the clinician, along with follow up data indicating that the patient has achieved microbio logical eradication [19]. Microbial clearance was defined as negative CRE culture after antibacterial therapy. CAZ–AVI based therapy was defined as treatment with CAZ–AVI or in combination with other antibacterial agents. Polymyxin based therapy was defined as treatment with polymyxin or in combination with other antimicrobial agents other than CAZ–AVI [20].



IDSA Recommendations for treatment of DTR

Pseudomonas aeruqinosa

DTR: 171 pip-tazo, ceftazidime, cefepime, aztreonam, meropenem, imipenem-cilastatin, ciprofloxacin, and levofloxacin.

Uncomplicated
cystitis

Pyelonephritis
&
complicated
UTI

Infections
outside of the
urinary tract

Combination antibiotic therapy is not routinely recommended for infections
caused by DTR-P. aeruginosaif in vitro susceptibility to a first-line antibiotic

=)
=)

=)

Ceftolozane-tazobactam
Ceftazidime-avibactam
Imipenemcilastatin-relebactam
Cefiderocol

A single dose of tobramycin or amikacin

Colistin (not polymyxin B)

Ceftolozane-tazobactam
Ceftazidime-avibactam
Imipenemcilastatin-relebactam
Cefiderocol

Once-daily tobramycin or amikacin

Ceftolozane-tazobactam
Ceftazidime-avibactam
Imipenemcilastatin-relebactam

Cefiderocol (Metallo-B-Lactamase)

Cefiderocol

Not suggest the use of
nebulized antibiotics

Courtesy of #8 1 % ¥ {7



簡報者
簡報註解
高雄醫學大學


CRE pneumonia in clinical practice

Pneumonia
Colonization,
Sputum culture Pneumonia panel polymicrobial
1-2 days
4-5 days CRE; KPC, MBLs, OXA48

severe

mild | New BL-BLI

CRE; AST; Gram stain Follow AST Follow AST

BL-BLI : B-lactam/B-lactamase inhibitor
AST: Antimicrobial Susceptibility Testing

Ceftazidime-avibactam: KPC, OXA48
Meropenem-vaborbactam: KPC

Imipenem-cilastatin-relebactam: KPC
Cefiderocol: KPC, MBLs, OXA48
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簡報者
簡報註解
高雄醫學大學


What Is the Likelihood of the Emergence of Resistance of DTR
P. aeruginosa Isolates to the Newer 3-Lactam Agents When Used to
Treat DTR P. aeruginosa Infections?

» The frequency of resistance may be the highest for ceftolozane-tazobactam and
ceftazidime-avibactam (prescribed more frequently 1n clinical practice ); fewer data
are available for imipenem-relebactam and cefiderocol.

* Recent DTR PA infection => repeat AST for the 4 newer [3-lactams, consider
imipenem-relebactam or cefiderocol if recently treated with ceftolozane-tazobactam
or ceftazidime-avibactam

Tamma et al. Clin Infect Dis.2024 Aug 7:ciae403 55



Mortality in patients with CRKP vs CSKP infections

Hussein, 2013
Orsi, 2013
Mouloudi, 2010
Bleumin, 2012
Patel, 2008
Schwaber, 2008
Ben-David, 2012
Daikos, 2009
Brizendine, 2015
Ny, 2015
Trecarichi, 2015

Direct meta-analysis

_._

Odds Ratio, Random Effects

(95% CI)
1.90 (1.17-3.10)

1.51 (0.74-3.09)
3.01 (1.01-8.98)
6.82 (2.54-18.29)
2.62 (1.63-4.21)
5.44 (2.0514.45)
7.25 (3.18-16.53)

3.23(0.91 11.40)

» 14.00 (1.47-133.24)

241 (0.87-6.65)
4.56 (0.94-25.09)

3.22 (2.26-4.57)

0.01

CSKP, carbapenem-susceptible K. pneumoniae

I
I
I -
I
|
|

I | [ | |
0.10 1.00 10

CSKP Infection 4—» CRKP Infection
Odds Ratio

100

Open Forum Infect Dis.2018 Jun 28;5(7):0fy150.


簡報者
簡報註解
Figure 4. Mortality in patients with infections caused by CRKP vs CSKP. Abbreviations: CI, confidence interval; CRE, carbapenem-resistant Enterobacteriaceae; CSE,  carbapenem-susceptible Enterobacteriaceae; CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP, carbapenem-susceptible K. pneumoniae.


Major mechanisms of antimicrobial resistance in Enterobacterales
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The mechanisms of carbapenem resistance in CRE
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簡報者
簡報註解
1) Enzymatic hydrolysis by carbapenemase enzymes, resulting in inactivation, 2) Mutations leading to porin loss or modification, inhibiting the influx of carbapenem molecules, 3) Efflux pumps which facilitate the active transport of the carbapenem molecule out of the cell through both membranes, decreasing cellular concentrations. 


Carbapenemase in CRKP between 2012 and 2017 in Taiwan

mCPE/CRE,% #=KPCs/CPE,% mKPC-2/CPE, %

m OXA-48-like/CPE, %

90 r
83.1

80 76.5 76.5

%of isolates
carrying carbapenemase genes

70
60 F
50
40
30
20
10
0

69.7 69.7

2012 2013 2014

Year

CPE: Carbapenemase-producing Enterobacteriaceae

2015 2017

Front Microbiol. 2018 Nov 27:9:2888.


簡報者
簡報註解
Figure 1 illustrates the annual percentages of overall carbapenemase producers, overall KPCs and KPC-2 producers, as well as OXA-48-like producers among clinical CR-K. pneumoniae isolates (mainly non-susceptible to imipenem and ertapenem) collected between 2012 and 2015 in
Taiwan (Chiu et al., 2018; Jean et al., 2018b). Carbapenem-resistant Enterobacteriaceae
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Antimicrobial resistance among imipenem-non-susceptible Escherichia coli updmes |
and Klebsiella pneumoniae isolates, with an emphasis on novel p-lactam/
B-lactamase inhibitor combinations and tetracycline derivatives: The

Taiwan surveillance of antimicrobial resistance program, 2020-2022

Yu-Lin Lee »*"“'®, Chun-Eng Liu“"', Wei-Yao Wang **“®, Mei-Chen Tan °, Pei-Jing Chen <,

Yih-Ru Shiau “, Hui-Ying Wang “, Jui-Fen Lai ©, -Wen Huang °, Ya-Sung Yang "',
Shu-Chen Kuo “

Taiwan Surveillance of Antimicrobial Resistance (TSAR) Program
28 hospitals in Taiwan

J Microbiol Immunol Infect.2025 Apr;58(2):219-225



Carbapenemase in CRE between 2017 and 2020 in Taiwan

16 Taiwanese hospitals, 201 CRE (26 CR Ecoli, 175 CRKP)

100 7 m CPE/CNSE(%) WKPCICPE(%) ®™OXA/CPE(%) =~ NDMI/CPE(%) mVIM/CPE (%)
90 -
85.0 82.4
80 - 76.7 750
70 +
n 60 - 55.6
3
L 50 - 46.5
0
1)
o 40 1 3641
9)
2 30 -
20 - 16.7
10.0  10.0 10.0
10 - LA 5.0 5.0
0 m I . 0.0 Il .

2017 (n=83) 2018 (n=36) 2019 (n=43) 2020 (n=39)

CPE: Carbapenemase-producing Enterobacteriaceae
CNSE: Carbapenem-nonsusceptible Enterobacteriaceae Int J Antimicrob Agents. 2021 Sep;58(3):106377
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Kaplan—Meier plot
of 14-day survival
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Table 5 Risk factors associated with 14-day and 30-day mortality

100
_ﬁ_:_\_L — Non-MBL-CRE (n = 99)
80_ — MBL-CRE (n = 46)
p=0.016

601

Percent

401

207

0 2 4 6 8 10 12
Days after onset

14-day mortality univariate analysis multivariate
analysis

30-day mortality univariate analysis multivariate
analysis

Variables Odds ratio P value Odds ratio P value QOdds ratio P value Odds ratio P value
Intensive care unit when onset 39 0.029 2.4 0.200 4.4 <0.001 4.0 0.001
Cardiovascular diseases other than 3.4 0.053 2.5 0.179 2.2 0.053 1.7 0.218
hypertension

Bacteremia 3.0 0.061 2.9 0.101 1.8 0.164

Hypertension 2.8 0.092 1.7 0.422 1.8 0.139

MBL 2.8 0.082 2.6 0.127 1.6 0.283

Chronic kidney disease > stage 3 2.5 0.126 0.8 0.611

Prior symptomatic COVID-19 1.9 0.316 0.9 0.767

CZA resistant 1.2 0.795 1.3 0.564

Type 2 DM 1.1 0.838 1 0.946

» MBL-CRE: poorer crude 14-day survival, but not independently associated with 14-day mortality.

Eur J Clin Microbiol Infect Dis.2025 Feb;44(2):251-262.


簡報者
簡報註解
所以 MLST 在這篇的角色是支撐它的主標題與結論
文章標題就叫 "High diversity of strain clonality..."。MLST 讓作者能說明:這波 MBL gene-encoding CRE 的增加,不是某一個克隆在院內爆發式傳播,而是多個不同來源、不同克隆各自出現(多克隆性)



Mechanisms of antimicrobial resistance in P. aeruginosa
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簡報者
簡報註解
Fig. 4 Mechanisms of antimicrobial resistance in P. aeruginosa. Mechanisms of antimicrobial resistance in P. aeruginosa can be divided into intrinsic antibiotic resistance (① outer membrane permeability, ② efflux systems, and ④antibiotic-modifying enzymes or ⑤ antibiotic inactivating enzymes), acquired antibiotic resistance (⑥ resistance by mutations and acquisition of resistance genes), and adaptive antibiotic resistance (③ biofilm-mediated resistance). Alteration of outer membrane protein porins decreases the penetration of drugs into cells by reducing membrane permeability. The efflux system directly pumps out drugs. Drug-hydrolyzing and modification enzymes render them inactive. Similarly, some enzymes cause target alterations so that the drug cannot bind its target, resulting in drug inactivity. Antibiotic resistance genes carried on plasmids can be acquired via horizontal gene transfer from the same or different bacterial species,225 quorumsensing signaling molecules activate the formation of biofilms, which act as physical barriers and prevent antibiotics penetrating the cell


W +k£@{ Cefiderocol versus standard therapy for hospital-acquired
and health-care-associated Gram-negative bacterial
bloodstream infection (the GAME CHANGER trial):
an open-label, parallel-group, randomised trial
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on behalf of the GAME CHANGER Trial Investigators™

Lancet Infect Dis.2026 Feb;26(2):148-159.



Cefiderocol Non-Inferior but Not Superior to Standard of Care

(GAME CHANGER)

Cefiderocol vs standard of care for hospital-acquired / health-care—associated Gram-negative bloodstream infection
Open-label, parallel-group RCT - 17 tertiary hospitals / 6 countries - Nov 2019-Oct 2023 - cefiderocol 2 g IV q8h (3-h infusion) vs clinician-chosen SOC

POPULATION DESIGN COMPARISON PRIMARY ENDPOINT
504 main analysis (250 cefiderocol / 254 Open-label RCT : non-inferiority (10% Cefiderocol 2 g q8h vs standard of care (up 14-day all-cause mortality (main analysis
SOC) - 127 (25%) carbapenem-resistant margin) then superiority test to 3 active agents) population)
14-day all-cause mortality: cefiderocol vs standard of care (%) Key results — non-inferior, not superior
40 -
o o 14-day mortality (primary)
31% 8 A) vs 7 A) Full population - ARD 1% (95% ClI -3 to 6) - non-inferior

() o Carbapenem-resistant subset
14 A’ vs 10 A’ 14-day mortality - ARD 5% (-7 to 16) - superiority not shown
Full population CR subset Acinetobacter spp MBL Enterobacterales 0 0 MBL-producing Enterobacterales
31% vs 0%

14-day 5/16 vs 0/11 - 30-day 50% vs 18% - cefiderocol signal
B Cefiderocol m Standard of care

» Cefiderocol was non-inferior but NOT superior to standard of care — including the carbapenem-resistant subset.

» A higher mortality signal with MBL-producing Enterobacterales urges caution and combination strategies; Acinetobacter outcomes were reassuring.
Lancet Infect Dis.2026 Feb;26(2):148-159.


簡報者
簡報註解
MBL-producing Enterobacterales 中 cefiderocol 組 mortality 較高，但原因不明；可能與 NDM-dominant isolates、cefiderocol MIC 偏高、後期菌株累積其他 resistance mechanisms 有關。

ARD 是 Absolute Risk Difference(絕對風險差),不是 ADR。
投影片上寫的是「ARD」— 也就是兩組(cefiderocol 組 vs standard of care 組)在某個結果指標(此處為 14 天死亡率)上的絕對百分比差異,並附上 95% 信賴區間。
例如:
Full population:ARD 1%(95% CI −3 to 6)→ cefiderocol 8% 減去 SOC 7% = 1%
CR subset:ARD 5%(95% CI −7 to 16)→ cefiderocol 14% 減去 SOC 10% = 5%
這是 non-inferiority trial 常用的效應量表示法,信賴區間若跨過非劣性界值(此處為 10%)的上限,就代表無法排除劣性;若完全落在界值內側,則支持 non-inferiority 的結論。
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Carbapenem-Resistant Enterobacterales (CRE): Treatment at a Glance

CRE - IDST / GREAT Guideline, J Microbiol Immunol Infect 2022 (Taiwan) GRADE 1 strong / 2 weak - A-D high->very-low quality
Bloodstream = CAZ-AVI 2.5 g IV g8h (infuse 3 h) (2D)

infection * MEV4gIVq8h - IMI-REL 1.25 g IV g6h (2C)

7-14 days * Polymyxin combo: colistin + tigecycline OR extended-infusion meropenem 1 g q8h (2D)

= CAZ-AVI 2.5 g q8h (2D)

Complicated « MEV 4 g g8h - IMI-REL 1.25 g q6h (20)
UTId * Aminoglycoside: gentamicin / amikacin / plazomicin (2D)
57 days = Single-dose aminoglycoside for simple cystitis (2D)
. » CAZ-AVI 2.5 g q8h + metronidazole 500 mg q6h (2D)
Complicated - IMI-REL 1.25 g g6h (2€)
|5nt7r:-abdom|na| = Tigecycline OR eravacycline 1 mg/kg q12h (2D)
—7 days

* Polymyxin-based combination (susceptibility-guided) (2D)

Combination therapy is not routinely recommended; choose the partner agent by susceptibility testing. Avibactam / vaborbactam / relebactam do NOT inhibit MBLs (NDM, VIM, IMP). MEV, IMI-REL,
plazomicin and eravacycline were not TFDA-approved as of Jan 2022. Use extended-infusion meropenem (3 h) when meropenem MIC < 8 mg/L.

CAZ-AVI = Ceftazidime-avibactam | MEV = Meropenem-vaborbactam | IMI-REL = Imipenem-cilastatin-relebactam | C/T = Ceftolozane-tazobactam | CBA = Colistin base activity | MIU = Million IlU | MBL = Metallo-B-lactamase | DTR-PA

= Difficult-to-treat-resistant P. aeruginosa | BSI = Bloodstream infection | cUTI / clAl = Complicated UTI / intra-abdominal infection


簡報者
簡報註解
The 2019 Guidelines Recommendations for Evidence-based Antimicrobial agents use in Taiwan (GREAT) working group, comprising of infectious disease specialists from 14 medical centers in Taiwan, reviewedcur rent evidences and drafted recommendations for the treatment of infections due to MDRO.

重要提醒(投影片上也標了黃色 scope note banner):這份指引沒有把 CRE 肺炎單獨列出,Table 5 的治療建議是對「所有 carbapenem-resistant 病原體」通用的(涵蓋 CRE 與 CRAB 等),不是 CRE 專屬證據。這點呼應你先前關切的 denominator discipline / attribution precision 原則——不能把這張表當成 CRE-specific 的證據來源。
治療邏輯上與 CRAB 肺炎的建議高度重疊(因為源頭本來就沒細分病原體):
穩定血液動力學:Colistin IV ± 一種 carbapenem/ampicillin-sulbactam + 吸入型 colistin
不穩定血液動力學:Colistin IV + carbapenem(建議合併,非選擇性)+ 吸入型 colistin
你上傳的這張投影片是準確反映原文範疇的——標題「CRE: Treatment at a Glance」只涵蓋 BSI/cUTI/cIAI 三類,並沒有遺漏肺炎項目,而是原文本身就沒提供。如果你之後要做一張完整涵蓋 CRE 肺炎治療的投影片,會需要另外去查 2019 JMII 肺炎指引(Chou CC et al.)或是 IDSA 2024 的 CRE pneumonia 建議,不能從這篇 2022 文獻裡擷取。



Carbapenem-Resistant Pathogens in Pneumonia (HAP/VAP)

CR-GNB - Pathogen-Specific Therapy for HAP/VAP, J Microbiol Immunol Infect 2019;52:172-199 (Taiwan) No item-level GRADE ratings in source table

Scope note: This guideline does not stratify pneumonia treatment by CRE vs. CRAB vs. other GNB — the table below applies to carbapenem-resistant pathogens broadly,
not CRE specifically.

e  Colistin 5 mg/kg IV x 1 loading dose, then 2.5 mg x (1.5 x CrCl + 30) IV q12h

Stable
] e +one of: Imipenem 500 mg IV g6h | Meropenem 1 g1V g8h | Ampicillin/sulbactam 3 g IV g6h
hemodynamics
e+ Adjunctive inhaled colistin: 1.25-15 MIU/day, divided g8—q12h, each dose in 5 mL saline
e  Colistin 5 mg/kg IV x 1 loading dose, then 2.5 mg x (1.5 x CrCl + 30) IV q12h
Unstable . N o
] e +(recommended, not +) Imipenem 500 mg IV g6h or Meropenem 1 g IV g8h — combination favored in critical illness
hemodynamics

e + Adjunctive inhaled colistin: 1.25-15 MIU/day, divided g8—q12h, each dose in 5 mL saline

Extended infusion of carbapenems may be appropriate for high-MIC isolates. A randomized trial (Paul et al., Lancet Infect Dis 2018) found no outcome difference from adding a carbapenem to colistin, but
77% of isolates were Acinetobacter and only ~half of patients had pneumonia — not CRE-specific evidence. General HAP/VAP duration guidance: 7 days if adequate initial therapy and clinical improvement.

CrCl = creatinine clearance | MIU = million international units | HAP = hospital-acquired pneumonia | VAP = ventilator-associated pneumonia | GNB = gram-negative bacteria | CRE = carbapenem-resistant Enterobacterales |

CRAB = carbapenem-resistant A. baumannii



Difficult-to-Treat-Resistant P. aeruginosa (DTR-PA): Treatment at a Glance

CRPA / DTR-PA : IDST / GREAT Guideline, J Microbiol Immunol Infect 2022 (Taiwan) GRADE 1 strong / 2 weak - A-D high->very-low quality
CRPA still

susceptible to = Anti-pseudomonal B-lactam: piperacillin + tazobactam, ceftazidime, cefepime, cefpirome * aminoglycoside (2D)
other agents * Fluoroquinolone: ciprofloxacin or levofloxacin + aminoglycoside (2D)

(CR / Ceph-S) = Prefer a colistin-sparing strategy; aminoglycoside monotherapy only for UTI (2D)

5-14 days

DTR-PA

= Colistin-based therapy — mono or combination (2C)

(non-susceptible = Critically ill: colistin load 9 MU then 4.5 MU g12h; monitor renal function (1C)

to all first-line - New BL/BLI may be considered: C/T, CAZ-AVI, IMI-REL (susceptibility-guided) (2C)
B-lactams + FQ) = Colistin-based combination therapy remains controversial (2D)
5-14 days

MBL prevalence in P. aeruginosa remains low in Taiwan. JMII 2022 leads with colistin-based therapy; new 8-lactam/B-lactamase inhibitors are positioned as "may be considered" with confirmed
susceptibility (note: this ordering differs from IDSA 2024, which favors novel BL/BLI first). Susceptibility testing of new BL/BLI is recommended to guide therapy. IMI-REL was not TFDA-approved as of Jan
2022.



DTR P. aeruginosa: 2026 IDSA Update Overview

Difficult-to-Treat Resistance (DTR) — non-susceptible to aztreonam, cefepime, ceftazidime, ciprofloxacin, imipenem, levofloxacin, meropenem & piperacillin-tazobactam

UNCHANGED FROM 2024 WHAT'S NEW IN 2026
o MDR / DTR definitions unchanged J Question count: 9 - 7 — uncomplicated cystitis & pyelonephritis/cUTI questions

o 4 B-lactams remain the only agents with reliable DTR-PA activity: MERGED into one “cUTI" question

cefiderocol, ceftazidime-avibactam (CAZ-AVI), ceftolozane-tazobactam o NEW: Ceftolozane-tazobactam is now the preferred agent specifically for DTR-PA
(C/T), imipenem-relebactam (IMI-REL) PNEUMONIA (previously all 3 were equal)

e  AST for all 4 agents still recommended for every DTR-PA isolate — activity e NEW independent question: carbapenemase identification (KPC vs. MBL) now
is highly variable between agents drives agent selection — KPC-producing DTR-PA addressed for the first time

e  Carbapenemase production still uncommon in US P. aeruginosa, but rising ° NEW real-world case example: 2022-2023 US artificial-tears VIM+GES P.
globally (Latin America ~69%, Asia ~57%, S. Europe ~50%) aeruginosa outbreak

R Combination therapy still NOT routinely suggested once an active B- o Updated 2019-2023 US resistance-emergence & susceptibility surveillance data

lactam is confirmed o Meropenem-vaborbactam discussion removed entirely from the DTR-PA chapter

CAZ-AVI = Ceftazidime-avibactam | C/T = Ceftolozane-tazobactam | IMI-REL = Imipenem-relebactam | ATM = Aztreonam | MBL = Metallo-B-lactamase | KPC = Klebsiella pneumoniae carbapenemase | GES = Guiana extended-spectrum B-lactamase | ELF = Epithelial lining

fluid | cUTI= Complicated UTI | uUTI=Uncomplicated UTI



Carbapenem-Resistant A. baumannii (CRAB): Treatment at a Glance

CRAB - IDST / GREAT Guideline, J Microbiol Immunol Infect 2022 (Taiwan) GRADE 1 strong / 2 weak - A-D high->very-low quality

PNEUMONIA - 2 7 days BLOODSTREAM INFECTION - 10-14 days
RECOMMENDED RECOMMENDED

= Colistin (5 mg CBA/kg load = maintenance) (2D) = Colistin-carbapenem combination:
* + imipenem/cilastatin 500 mg q6h OR meropenem 2 g q8h (2D) = Colistin + imipenem/cilastatin OR meropenem (2C)
* + adjunctive inhaled colistin 1.25-15 MIU/day (2D)

= Sulbactam 6-9 g/day in 3—4 divided doses (2D) = Colistin + tigecycline (2D)
= OR colistin + tigecycline + sulbactam (triple) (2D) = OR colistin + sulbactam (2D)

X Tigecycline monotherapy is NOT recommended for CRAB pneumonia (GRADE 1C — strong)

Carbapenem gives in-vitro synergy when carbapenem MIC < 32 mg/L; infuse each dose > 3 h. Add tigecycline only if tigecycline MIC < 2 mg/L. Novel BL/BLIs (CAZ-AVI, MEV, IMI-REL) are NOT clinically active
against CRAB. Note: 2022 JMII predates routine availability of sulbactam-durlobactam and mature cefiderocol clinical data.



Understanding B-lactamases classifications for clinicians
in choosing the appropriate antimicrobial agent

[able 1| Comparison of two j-lactamase classification schemes

Ambler class®:
catalytic site
(spectrum)

A: serine (variable)

B: metallo
(carbapenemase)

Cb: serine
(cephalosporinases)

D= serine (oxacillinases)

Bush-Jacoby-Medeiros

group’: catalytic site
(spectrum)
2a: serine (penicillinases)

2b:serine (penicillinases)

2be: serine (ESBLs)

2br: serine (inhibitor-resistant)
2c:serine (penicillinases)

2f: serine (carbapenemases)

3:metallo (carbapenemases)

1:serine (cephalosporinases)

2d: serine (oxacillinases)

Substrates

Penicillins

Penicillins and
narrow-spectrum
cephalosporins

Penicillins and cephalosporins,
including extended-spectrum

Penicillins

Penicillins and carbenicillin

Penicillins, cephalosporins and
carbapenems

Most p-lactams, including
carbapenems, but not
monobactams (Aztreonam)

Penicillins and cephalosporins

Penicillins and cloxacillin; some
include cephalosporins and/or
carbapenems

Inhibited by

Clavulanate, avibactam
and other newer inhibitors®

Clavulanate, avibactam
and other newerinhibitors

Clavulanate, avibactam
and other newerinhibitors

Avibactam and other
newer inhibitors

Clavulanate, avibactam
and other newerinhibitors

Avibactam and other
newer inhibitors

Chelating agents (EDTA)
and ANT431

Cloxacillin, avibactam and
other newer inhibitors

Sodium chloride; some by
clavulanate, avibactam
and other newerinhibitors

Examples

Penicillinases from
Gram-positive bacteria

TEM-1, TEM-2 and
SHV-1

SHV-2, TEM-10,
CTX-Mand GES-1

TEM-30 and SHV-72
PSE (CARB)

KPC, SME,NMC-A and
GES-2
IMP, VIM and NDM

Chromosomal AmpC,
CMY,ACT-1 and DHA

OXA-1/30, OXA-10,
OXA-23 and OXA-48

ESBL, extended-spectrum p-lactamase. “The term ‘newer inhibitors' refers to the diazabicyclooctanone and boronic acid inhibitors."See REF.'* for original
reference to class C cephalosporinases. “See REF.'* for original reference to class D B-lactamases.

Nat Rev Microbiol. 2019 May;17(5):295-306.


簡報者
簡報註解
Ambler = 結構分類 Bush–Jacoby–Medeiros = 功能分類
1. Ambler classification：看「分子結構與活性中心」
Ambler 分類主要是 molecular classification，根據 β-lactamase 的胺基酸序列與 catalytic site 分類。

2. Bush–Jacoby–Medeiros classification：看「功能表現」
Bush–Jacoby–Medeiros 分類主要是 functional classification，根據酵素的：
可以水解哪些 β-lactam antibiotics 
是否被 inhibitor 抑制 
是否具有 carbapenemase 或 ESBL 活性



CRE: Treatment at a Glance

2026 IDSA Update summary table — » = changed since 2024

a. R to erta; S to mero/imi > extended-infusion mero or imi-cilastatin Cefiderocol
b. R to all carbapenems - Aztreonam-avibactam / CAZ-AVI / IMI-REL / MEV % 2026 Tigecycline/eravacycline*
Non-carbapenemase (modest preference: CAZ-AVI, IMI-REL over MEV) 2026
producing
Meropenem-vaborbactam > Ceftazidime-avibactam > Imipenem-relebactam Aztreonam-avibactam % 2026
Cefiderocol
KPC ) i )
Tigecycline/eravacycline*
Aztreonam-avibactam % 2026 CAZ-AVI + Aztreonam (only if ATM-AVI unavailable) % 2026
Cefiderocol Tigecycline/eravacycline*
NDM / MBL
Ceftazidime-avibactam Aztreonam-avibactam % 2026
Cefiderocol
OXA-48-like

Tigecycline/eravacycline*

* Non-BSI and non-UTI only. Always use high-dose tigecycline (200 mg load = 100 mg q12h). Red bold text = changed/added in the 2026 IDSA guidance.

CAZ-AVI = Ceftazidime-avibactam | ATM-AVI = Aztreonam-avibactam | MEV = Meropenem-vaborbactam | IMI-REL = Imipenem-cilastatin-relebactam | ATM = Aztreonam | MBL = Metallo-B-lactamase | BSI = Bloodstream infection | UTI = Urinary tract infection | TMP-SMX =

Trimethoprim-sulfamethoxazole



Percentage of CRPA 1n PA isolates stratified
by region of Taiwan, 2012-2021, SMART study

35%

30%

All P. aeruginosa
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Lower respiratory tract (1725)
Urinary Tract (481)
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20%

15%

10%

% of P. aeruginosa isolates
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@@= Al| (n=3,013) ==@==Northern (n=646) ==@==Central (n=926) Southern (n=1,441)

J Glob Antimicrob Resist.2023 Sep:34:106-112.


簡報者
簡報註解
SMART 是特定醫學中心、TSAR (Taiwan Surveillance of Antimicrobial Resistance)是雙年度全國 25 家醫院抽樣
Collect bacteria with clinical significance


Four hypothesized biofilm resistance mechanisms

» A biofilm is an aggregate of microorganisms that adhere to
each other on a living or non-living surface, and are
embedded within a self produced matrix of extracellular
polymeric substances, including exopolysaccharides,
proteins, metabolites and extracellular DNA.

» The microbial cells grown in biofilms are less sensitive to
antimicrobial agents and host immune response.

Hypothesis:

1. the antibiotic (squares) penetrates slowly or incompletely

2. concentration gradient of a metabolic substrate leads to zones of slow or non-growing bacteria (shaded cells)
3. adaptive stress response (marked cells) to cope with environmental fluctuations

4. a small fraction of the cells differentiate into a highly protected persister state (dark cells).

Stewart. Int ] Med Microbiol.2002 Jul;292(2):107-13


簡報者
簡報註解
Fig. 3. Mechanisms of biofilm-mediated antibiotic resistance. Antibiotics slowly penetrate the biofilm (green); Some biofilm cells express an adaptive stress response permitting survival under harsh conditions (pink); The altered chemical microenvironment (yellow) within the biofilm induces slow growth of bacteria, which reduces antibiotic uptake; Multidrug-tolerant persister cells are formed (blue).

adaptive stress response 
Bacteria are equipped with a host of stress responses that allow them to cope with environmental fluctuations, such as abrupt temperature changes, oxidative stress, low water activity, DNA damage, starvation, and others. Many of the stress responses have been characterized in molecular and genetic detail using planktonic bacteria; biofilm cells are afforded a greater opportunity to express these traits as the result of retarded antibiotic penetration or slow growth, enabling biofilm cells to respond to an antimicrobial challenge.

persisters
Bacteria in biofilms not only evade killing by antibiotics, they also resist chemical disinfectants, such as chlorine bleach and glutaraldehyde. The presence of a subpopulation of persisters in the biofilm may account for the observed broad resis tance. Persisters may constitute a relatively small fraction of the population, but these few cells have entered a highly protected, perhaps spore-like, state. Genes that contribute to the persister state may include those encoding regulatory circuits that determine the entry and exit from this state as well as specific protective responses. Genes for high-level persistence (hip) have been described in E. coli .



The most frequently found bacteria in a biofilm are Pseudomonas aeruginosa, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Streptococcus viridans, Staphylococcus aureus, and Enterococcus faecalis 

biofilm-mediated resistance is independent of genetic mutations, and it is an adaptive mechanism

A biofilm is an aggregate of microorganisms that adhere to each other on a living or non-living surface, and are embedded within a self produced matrix of extracellular polymeric substances (EPSs), including exopolysaccharides, proteins, metabolites and extracellular DNA (eDNA) (Das et al., 2013; Donlan, 2002). The microbial cells grown in biofilms are less sensitive to antimicrobial agents and host immune response than the cells grown in free aqueous suspension (Stewart and Costerton, 2001). Even bacteria that are deficient in intrinsic resistance or lack protective mutations, can become less susceptible to antibiotics when they grow in a biofilm (Ste



Persister cells 1n antibiotic resistance

Transient phenotype developed as a consequence of Immunity

heterogencous responses to the environment within Regular cell - Persister factors @
a genetically 1dentical bacterial population. 2 °
0

Persister cells comprise about 1% of biofilm cells, o0 %0 o
and are slow-growing, metabolically inactive and ; ? 5: TN y
highly tolerant to antibiotic. /o S2000 8% Antiblotic. 4

: immunity factors
the existence of a dormant state that shuts down the J >
synthesis of the antibiotic targets w
not proliferate in the presence of antibiotics, resume
growth once the antibiotics are removed Drop i antibiotic

The matrix protects persister cells from the
immune system

Pang et al. Biotechnol Adv.2019 Jan-Feb;37(1):177-192; Lewis et al . Annu Rev Microbiol.2010:64:357-72


簡報者
簡報註解
A model of a relapsing biofilm infections. Regular cells and persister cells form in the biofilm and are shed off into surrounding tissue and the bloodstream. Antibiotics kills regular cells, and the immune system eliminates escaping persister cells. The matrix protects persister cells from the immune system, and when the concentration of the antibiotic drops, they repopulate the biofilm, causing a relapse.

 Adaptive resistance to increase the resistance to antibiotics through transient changes in gene and/or protein expression by a spectrum of approaches. In P. aeruginosa, the formation of biofilms is the most typical strategy to acquire adaptive antibiotic resistance.262,263 P. aeruginosa can produce biofilms to enhance pathogenicity. Meanwhile, P. aeruginosa infection can also cope with antibiotic treatment by forming persistent cells or persisters,
 thereby preventing the synthesis of antibiotic targets. Persistent molecules from the persisters can maintain vitality and refill biofilms; once antibiotics are not present, bacteria will resume growth and cause chronic infections.


DTR P. aeruginosa: Treatment at a Glance (2026)

Updated summary — 2026 changes marked »*

cUTI % (merged from 2 questions) Cefiderocol | CAZ-AVI | C/T | IMI-REL (alphabetical, equal) Once-daily amikacin/tobramycin

uUTI (now a brief sub-note) Single-dose amikacin/tobramycin, or any cUTI agent, or colistin —

Non-UTI — general CAZ-AVI | C/T | IMI-REL Cefiderocol

Non-UTI — Pneumonia % NEW Ceftolozane-tazobactam preferred among the three Cefiderocol

KPC-producing % NEW question Cefiderocol | CAZ-AVI | IMI-REL (AST-guided) — (C/T not suggested)

MBL-producing (NDM/VIM/IMP) Cefiderocol (monotherapy) CAZ-AVI + aztreonam only if cefiderocol-R

CR-PA, other B-lactam susceptible High-dose extended-infusion traditional B-lactam Novel B-lactam for critically ill / poor source control

% = new or materially changed in the 2026 IDSA guidance vs. 2024. Combination therapy not routinely recommended with a confirmed active B-lactam; nebulized antibiotics not routine but
reasonable salvage adjunct when no B-lactam is active and response is suboptimal; MEV (meropenem-vaborbactam) discussion removed from the DTR-PA chapter in 2026.

CAZ-AVI = Ceftazidime-avibactam | C/T = Ceftolozane-tazobactam | IMI-REL = Imipenem-relebactam | ATM = Aztreonam | MBL = Metallo-B-lactamase | KPC = Klebsiella pneumoniae carbapenemase | GES = Guiana extended-spectrum B-lactamase | ELF = Epithelial lining

fluid | cUTI= Complicated UTI | uUTI=Uncomplicated UTI



Frequency of resistance emergence to newer -lactam agents
for P. aeruginosa treatment

» Ceftolozane-tazobactam: 38% (14/37), 50%(14/28) , 79% (11/14), median duration of 15 days of therapy,
but likely overestimation (exclude patients w/o recurrent PA infections)

» Ceftazidime-avibactam: 25% (8/32)
» Imipenem-cilastatin-relebactam: 0% (0/31) - 26%(5/19)

» Cefiderocol: 6% (1/17)

v'Recent DTR PA infection => repeat AST for the 4 newer B-lactams, consider imipenem-relebactam or

cefiderocol if recently treated with ceftolozane-tazobactam or ceftazidime-avibactam

Tamma et al. Clin Infect Dis.2021 Dec 6;73(11):e4599-e4606; Tamma et al. Clin Infect Dis.2024 Aug 7:ciac403; Hareza et al. Antimicrob Agents Chemother.2024 Oct 8;68(10):¢0090724


簡報者
簡報註解
Extending β-Lactam infusion time may be protective (increased time above the MIC), ex: over 1 hour vs over 3 hour for ceftolozane-tazobactam



Methods to decrease resistance to newer -lactam agents

Variable >4fold increasein MIC  <4-fold increasein ~ Pvalue
(22,32%) MIC (47, 68%)

Intensive care unit on day 1 of infection 13 (59%) 39 (64%) 0.79
Charlson Comorbidity Index 25 6 (27%) 22 (47%) 0.19
Severe immunocompromise 9(41%) 10(21%) 0.15
Continuous renal replacement therapy 9 (41%) 8(17%) 004
Cystic fibrosis 2(9%) 3(6%) 0.65
Bacteremia 4(18%) 7(15%) 0.73
Pneumonia 14(64%) 26 (55%) 61
Uncontrolled source of infection 4(18%) 5(10%) 045
Combination antibiotic therapy 4(18%) 7(15%) 0.73
Number of days ceftolozane-tazo- ~ 15[11-18] 10[8-15] 0,04

bactam or ceftazidime-avibactam

Increase in TOLTAZ MIC No Increase in TOLTAZ MIC
Variable (meg/ml) {n =14, 50%) (meg/mL) n = 14, 50%) Pvalue
Demographics
Age in years (median, 1QR) 56 (40-65) 56 (48-60) A
Female 5 (36%) 3(21%) A0
Weight in kilograms {median, IQR) 62 (56-79) 03 (26-76) 87
Renal replacement therapy 4(29%) 1(71%) 4
Underlying medical condition
Cystic fibrosis 2(14%) 1(7%) 54
Chranic ventilator dependence 3(21%) 4129%) 66
Bum (7% 1(7%) 9
Active immunosuppressive therapy 8(57%) 5136%) 26
Complex cardiovascular disease with 3(21%) 1(71%) 28
foreign materiaf
Site of infection
Pneumonia 9(64%) 10(71%) 89
Bacteremia 4(29%) 1(7%) M
Intra-abdominal infection 1(7%) 3(21%) 28
Treatment data
3 grams [V every 8 hours of TOLTAZ 12 (86%) 14(100%) 4
15 grams IV every 8 hours of TOLTAZ 2{14%) 0 4
1hour TOLTAZ infusion 14(100%) 10(71%) 04
hour TOLTAZ infusion 0 4(29%) 4
Duration of TOLTAZ therapy 15(8-22) 8.5(6-14) 32
Combination therapy for > 48 hours 6 (43%) 4(29%) 43
No source control® 4(29%) 0 04

1. Optimize drug exposures with extending infusion time and robust dosages (especial CCRT dosage)
2. Decrease the days of administration

Tamma et al. Clin Infect Dis.2021 Dec 6;73(11):€4599-¢4606; Hareza et al. Antimicrob Agents Chemother.2024 Oct 8;68(10):e0090724 /

administered (median) [IQR]

9


簡報者
簡報註解
第二步：Mutant Selection Window（突變選擇窗）
藥物濃度在體內並非恆定值，而是隨時間起伏（尤其是療程末端、劑量間隔谷底濃度）。MSW 理論描述的是：
濃度高於 MPC（mutant prevention concentration）：連野生型和第一步突變株都能被殺死 → 不會篩選出抗藥性
濃度低於 MIC：連野生型都殺不死 → 治療失敗，但這不是「篩選抗藥性」的主因
濃度介於 MIC 和 MPC 之間（這就是「窗口」）：野生型菌株被抑制，但已存在的第一步突變株因 MIC 較高而存活並持續複製 → 這正是抗藥性被「選擇」出來的關鍵區間
問題是：治療時間越長，藥物濃度落在這個 MSW 區間內的累積曝露時間就越長，突變株有更多機會在這個窗口內持續複製、擴增，逐漸從少數亞群變成優勢族群。
第三步：高菌量如何放大這個效應
高菌量感染（肺炎的肺泡滲液、未引流的膿瘍、未清創的壞死組織）有兩個加乘效果：
前面提過的絕對突變株數目更多——起始的「種子」抗藥突變株數量本身就高
藥物穿透這些部位的濃度往往較低（肺泡上皮襯液濃度通常低於血中濃度；膿瘍或壞死組織血流灌注差，藥物根本難以到達治療濃度）——這代表這些部位的實際藥物濃度更容易長時間停留在 MSW 區間內，而不是快速衝破 MPC
兩者疊加：起始突變株數目多 + 局部濃度長時間卡在選擇窗內 = 抗藥性演化的溫床。
第四步：為什麼療程長度是關鍵變數
每一次細菌複製週期，都是一次「篩選機會」。療程越長：
突變株有越多代複製週期可以在 MSW 內持續擴增
若第一步突變株的 MIC 提升還不足以完全逃脫治療（仍在 MSW 內而非突破 MPC），它會繼續承受選擇壓力，這時第二步突變（second-step mutation）疊加在第一步之上的機率也隨之增加（例如 KPC 先出現一個位點突變降低對 avibactam 敏感性，長期曝露下再疊加第二個突變進一步提升 MIC）——這就是stepwise resistance evolution
相對地，若能快速清除大部分菌量（藉由 extended infusion 拉高 T>MIC、或 robust dosage 讓濃度更快衝過 MPC）並縮短總曝露天數，等於是縮小突變株複製擴增的時間窗，降低這整個演化階梯被走完的機會
對應到你投影片的兩個建議，邏輯是一致的
Extending infusion + robust dosage → 目的是讓藥物濃度更快、更持久地衝破 MPC，縮小 MSW 曝露時間
Decrease days of administration → 目的是縮短即使仍落在 MSW 內時，突變株可以複製擴增、疊加二次突變的「時間總量」

In our cohort, approximately 60% of patients receiving CRRT did not receive full dosing of ceftolozane-tazobactam or ceftazidime-avibactam, potentially putting these patients at risk of increased emergence of resistance in subsequent P. aeruginosa isolates.
Extending β-Lactam infusion time may be protective (increased time above the MIC), ex: over 1 hour vs over 3 hour for ceftolozane-tazobactam



Sulbactam 12 g/day vs 9 g/day

Colistin + sulbactam 9 g vs 12 g/day on mortality in CRAB pneumonia: a randomized controlled trial
Open-label, single-center superiority RCT, Thailand (2019-2023)

POPULATION INTERVENTION COMPARISON PRIMARY ENDPOINT
N = 138 CRAB pneumonia Colistin + sulbactam, both arms 12 g/day vs 9 g/day sulbactam 28-day all-cause mortality
Outcomes: 12 g/day vs 9 g/day (%) Key results — sulbactam 12 g/day vs 9 g/day
o 28-d rtality (adjusted)
-day mortality (adjuste
aHR 0'54 95% C10.33-0.87 - P=0.011
75 -
50 - . . .
89 40/ Day-7 microbiological cure
= /0 vs 73.2% (9 g/day) - P =0.02
25 -
O -

28-d mortality Day-7 microbiological cure P O 1 58 Unadjusted 28-d mortality
= 47.8% vs 59.4% - not significant

B Sulbactam 12 g/day M Sulbactam 9 g/day

» Sulbactam 12 g/day was not superior to 9 g/day (unadjusted 28-d mortality).
» After adjustment, sulbactam 12 g/day was associated with lower 28-day mortality and higher day-7 microbiological cure.
» Sulbactam MICs in this cohort were unusually high (MICso 96 pg/mL; ~47.5% >256 ug/mL, vs 64—192 pug/mL in prior reports).
Int J Infect Dis.2024 Dec:149:107267.


簡報者
簡報註解
按照研究預設，若要正式宣告12 g/day superior，主要分析原則上需要：
12 g/day組死亡風險低於9 g/day組 
Primary ITT log-rank test達到預設的one-sided 𝑃<0.025

正確的措辭是：這個 trial 未能證明 12 g 較優（superiority not demonstrated），而不是「12 g 沒有比較好」
這個試驗的 primary（pre-specified, unadjusted）分析未達統計顯著（P=0.158），嚴格來說不能宣稱「證實 superiority」。但由於隨機分派後兩組基線嚴重度確實不平衡（12 g/day 組病情較重），未調整分析很可能低估了真正的治療效果，因此調整後分析（aHR 0.54, P=0.011）在臨床上是合理且值得參考的。其方法學限制在於協變量是事後、資料驅動選取而非預先指定，因此應定位為 supportive/sensitivity analysis，而非取代 primary analysis 的 confirmatory 證據。理想情況下，若能在試驗設計階段就預先指定調整變項（如 APACHE II、septic shock、DIC 這些文獻上已知的死亡預測因子），這個調整分析的證據等級會更強

Sulbactam MIC多少會判定為RESISTANCE:  Resistant (R)≥16, 代表這個泰國世代的 CRAB 菌株，一半以上的菌株 MIC 值已經是 resistant breakpoint（16 µg/mL）的 6 倍，而 90th percentile 的菌株更是遠超過 256 µg/mL——換句話說，幾乎所有收案的菌株，依照傳統 CLSI 判讀標準都已經是 sulbactam-resistant。

MIC（單一數值）：個別菌株的藥物敏感度
您平常看到的「carbapenem MIC > 8 µg/mL」，指的是單一一株細菌在體外測試時，能抑制其生長所需的最低藥物濃度。這個數值會拿去對照 CLSI/EUCAST 訂出的 breakpoint（折點），藉此判讀這株菌是 Susceptible（S）、Intermediate（I）還是 Resistant（R）。


MIC₅₀ 和 MIC₉₀ 則是流行病學/族群層次的統計描述，不是單一菌株的數值：
MIC₅₀ = 把一批菌株（例如這篇研究中所有 CRAB 分離株）依 MIC 值由低到高排序後，第 50 百分位的數值，也就是「有 50% 的菌株，其 MIC 值 ≤ 這個數字」
MIC₉₀ = 同樣排序後，第 90 百分位的數值，「有 90% 的菌株其 MIC 值 ≤ 這個數字」（換句話說，還有 10% 的菌株 MIC 值比它更高、更頑固）


A previous study demonstrated that only a sulbactam dosage of 12 g/day could achieve the probability of target attainment for isolates with a sulbactam MIC of 96 μg/mL, highlighting the importance of adequate dosing [ 26 ]. The majority of participants in this study (47.5%) exhibited MICs of sulbactam equal to or greater than 256 μg/mL. This MICs value exceeds those reported in previous studies, which ranged from 64 μg/mL (determined via the broth microdilution method) [ 27 ] to 192 μg/mL (determined via the agar dilution method)
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