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H Introduction H

A Antibiorésistance : probléme majeur de santé publique
A Depuis les années 80 : émergence de souches E-BLSE

A Plus récemment : émergence et extension de souches

productrices de carbapenemases.

résistants

A Impasses thérapeutiques !

des traitements ~desmicro-

A Estimations : 10 millions de décés en 2050 ™~

OMS / Ramos-Castaneda, J Inf, 2018 / Grundmann H, Lancet Inf Dis 2017



Global burden of bacterial antimicrobial resistance in 2019:

a systematic analysis

Antimicrobial Resistance Collaborators™

Lancet, 2022; 399 : 629-55

A Estimations des décés, invalidités, années de vies perdues liés ou

attri bu®s
A 23 bactéries / 204 pays

Associated with resistance

| 6anti bi

or ®s |

Attributable to resistance

stance

Deaths Ylls DALYs ¥YLDs Deaths YLLs DALYs YLDs
Counts, thousands
Global 4950 189000 192 000 2290 1270 47 600 47900 275
(3620-6570) (145 000-245000) (146 000-248000)  (1520-3450) (911-1710) (35 000-63 400) (35300-63 700) (161-439)
Central Europe, eastern 283 7530 7630 102 737 1980 1990 9.95
Europe, and central Asia (190-403) (5240-10500) (5320-10 600) (69-140) (487-105)  (1350-2790) (1360-2800) (4.79-16.8)
High income 604 10100 10300 123 141 2390 2410 20-2
(434-824) (6960-14200) (7040-14 400) (79:7-183) (98-6-197) (1620-3400) (1640-3420) (12.7-31-2)
Latin America and Caribbean 338 9550 9640 97.2 843 2370 2380 16
(243-453) (6770-12900) (6830-13100) (63-2-146) (60-3-117) (1660-3310) (1680-3330) (9-79-24-9)
North Africa and Middle East 256 94970 10100 116 683 2590 2610 20-7
(174-362) (6880-13 900) (6970-14000) (73-4-176) (45-6-99) (1770-3700) (1790-3720) (12-33-5)
ooty T JG A o) G 74" TUU :)Gj To oo TO LU0 TITT
(1030-1830) (44 800-76300) (45700-77500) (638-1550) (273-538) (11500-21600)  (11600-21700) (58-5-188)
Southeast Asia, east Asia, 1020 27500 27900 437 254 6830 6870 456
and Oceania (678-1460) (18700-38 600) (19100-39100) (256-776) (167-369) (4620-9840) (4670-9890) (25-80-1)
Sub-Saharan Africa 1070 65800 66200 416 255 15400 15500 511
(847-1340) (51400-83 600) (51800-84000) (270-599) (196-331) (11700-19900)  (11800-20000)  (30-2-81.8)




Global burden of bacterial antimicrobial resistance in 2019:
a systematic analysis

Lancet, 2022; 399 : 629-55

Antimicrobial Resistance Collaborators™

Resistance
& Associated with resistance
I Attributable to resistance
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| Résistance i mortalité |

A Mortalité

i Infections causeées par KPC-K. pneumoniae :
40%

i Mortalité des bactériémies a P. aeruginosa : 20-
40%

I Mortalité a J30 des infections a entérobactéries
OXA-48 : 50%

A Impact économique majeur :

I Europe : 1,9 billion euros / an
I USA : 20 billions USD

Ramos-Castaneda, J Inf, 2018 / ECDC 2009 / Kaye, Pharmacotherapy 2015



Discovery, research, and development of new antibiotics:
the WHO priority list of antibiotic-resistant bacteria and
tuberculosis

Evelina Tacconelli, Elena Carrara®, Alessia Savoldi*, Stephan Harbarth, Marc Mendelson, Dominique L Monnet, Céline Pulcini,
Gunnar Kahlmeter, Jan Kluytmans, Yehuda Carmeli, Marc Ouellette, Kevin Outterson, Jean Patel, Marco Cavaleri, Edward M Cox, Chris R Houchens,
M Lindsay Grayson, Paul Hansen, Nalini Singh, Ursula Theuretzbacher, Nicola Magrini, and the WHO Pathogens Priority List Working Groupt

Acinetobacter baumannii, CR
Pseudomonas aeruginosa, (R
Escherichia coli, 3GCR
Klebsiella spp, 3GCR

Klebsiella spp, CR

[T 910% (5:2%)

[ 81.7% (6:3%)

I 76-5% (8:1%)

T 76-5% (8-1%)

Enterobacter spp, 3GCR
Serratia spp, 3GCR
Proteus spp, 3GCR
Enterobacter spp, (R
Escherichia coli, CR

Staphylococcus aureus, MR

] Morganella spp, 3GCR
CR=résistant aux carbapénemes.

3GCR=résistant aux céphalosporines de
troisieme génération.
VR=résistant a la vancomycine.

Antibiotic-resistant bacteria

Helicobacter pylori, ClaR

MR=résistant a la méticilline. .

ClaR=résistant a la clarithromycine.
FQR-=résistant aux fluoroguinolones.
PNS=non sensible a la pénicilline.
mpR=résistant a I'ampicilline

Non-typhoidal salmonella, FQR

Providencia spp, 3GCR

Enterococcus faecium, VR [

Citrobacter spp, 3GCR

[ 45.9% (11-1%)

44-8% (10:1%)

I 703%(85%)

69-0% (7-8%)

[T 65:2% (8-1%)
[T 59-7% (9:5%)

1 [ 58-7% (10-6%)
[ 55-4% (11:0%)

I [T 54-8% (9:9%)
[T 54.5% (7-2%)
N T 57w

51.7% (10-1%)

Campylobacter spp, FQR 41:0% (7-8%)
Salmonella Typhi, FOR | [ [ | T 37.6% (9-2%) [ Treatability
Neisseria gonorrhoeae, FQR (IR [N T 35.8% (3.9%) [ Mortality
Streptococcus pneumoniae, PNS [ T I ] | 33:3% (9:9%) a Health-carevburden
- [ Trend of resistance
| [ ] [ 32:3% (6-8%) [I Prevalence of resistance
Haemophilus influenzae, AmpR [ | 26-4% (7:1%) [ Transmissibility
L . [ Community burden
Neisero gonérrhoeae 3G(R- 26:2% (81%) [ Preventability in health-care setting
Shigellaspp, FQR [T T~ TR 5).99% (6.5%) [ Pipelne
Staphylococcus aureus, VR [ [ [ 7749 (67%) [ Preventability in community setting
I I I I I T I I I I
0 10 20 30 40 50 60 70 80 90 100

Lancet Infect Dis 2018:18; 3181 27

Final weight (%)



En

Tuni si e : donn®AAstbia L
Résistance en Tunisie (2022)

Sites de Surveillance (N=12)




Amoxicilline

Ticarcilline

Amoxicilline 7 Acide clavulanique

Pipéracilline - Tazobactam

Céfoxitine
Céfotaxime
Ceftazidime
Imipénéme
Ertapéneme
Gentamicine
Tobramycine
Amikacine
Tigécycline
Acide nalidixique
Ciprofloxacine
Cotrimoxazole
Mecillinam
Nitrofuranes

Fosfomycine

E. coli (n = 7780)

Nombre
6091
7728

7322

7867

5812
7340
7630
6909
7665
5332
5948
7543
6455
4355
6981
5238

Total

% R
69,9
66,2

40,3

8,7

2,9
13,8
12,3

0,3

0,7

8,2

8,5

1,2

0,3
31,6

21
37,1

Urine

Nombre
4996
6411

6133

6324

4914
6113
6360
5723
6373
4323
4992
6300
5382
3674
5800
4259
4554
5792
5804

% R
69,4
67,6

39,5

8,5

2,6
12,7
11,2

0,1

0,5

7,5

7,9

0,3
30,1
21,9
35,7
15,9

11

6,6

Hémoculture

Nombre
195
239

218

232

164
225
231
205
234
195
159
223
193
145
211
172

% R
76,9
74,1

39,9

11,2

6,7
23,6
20,8

3,4

3,8
12,3
15,7

4,5

42,8
31,3
49,4



Taux de résistance aux antibiotiques de K. pneumoniae

Amoxicilline 7 Acide
clavulanique

Pipéracilline - Tazobactam

Céfoxitine
Céfotaxime

Ceftazidine
Imipénéme
Ertapénéme
Gentamicine
Tobramycine
Amikacine

Acide nalidixique
Ciprofloxacine

Cotrimoxazole

Nombre

3714

3791

2975
3792

3879

3644

3950

3063

3324

3825

2469

3554

3156

%R

46,5

28,0

28,1
45,8

45,8
12,9
18,5
30,4
30,4
16,0
39,8
36,9

41,2

Nombre

523

542

444
545

558

539

562

507

383

611

346

510

474

%R

66,4

41,9

41,7
62,9

61,1
22,4
31,1
46,5
48,8
31,6
59,0
49,0

51,3

Nombre

1842

1850

1443
1808

1871

1710

1864

1327

1814

2265

1173

1707

1451

%R

54,2

30,1

25,4
52,9

54,0
14,4
19,5
36,5
33,0
13,9
44,0
40,8

47,1



Annals of Burns and Fire Disasters - vol. XXXII - n. 3 - September 2019

PROFIL MOLECULAIRE ET RESISTANCE AUX ANTIBIOTIQUES
DES ENTEROBACTERIES PRODUCTRICES DE CARBAPENEMASES
CHEZ LE BRULE

CARBAPENEMASE-PRODUCING ENTEROBACTERIACEAE IN BURNS:
PHENOTYPIC AND MOLECULAR STUDY

Maamar B.,” Messadi A.A., Thabet L.

Centre de Traumatologie et des Grands Brilés, Ben Arous, Tunisie

42 souches EPC chez 34 patients :
A BlaNDM = 59%
A OXA-48 = 33%

Espéce Nombre EPC+  Prévalence
K. pneumonice 96 24 25%

P. stuartii 52 1 2%

P. mirabilis 47 13 28%

E. coli 23 | 4%

E. cloacewe 24 1 4%

P. retigeri 16 0 0%

K. oxytoca 11 z 18%
Autres* 20 0 0%
Total 291 42 14,43%

Patient

(%]

Site

PC
PC
HC
HC
PC
KT
HC
HC
HC

KT
KT

KT
PR

HC

R55zE

ECBU

318

PR
HC
PC
HC
HC
KT
HC
KT

KT

EREAB A

KT

Date du
prélévement

31/01/22017
10/02/2017
08/05/2017
07/06/2017

16/05/2017

30/05/2017

20/06/2017
04/01/2017

23/01/2017

26/01/2017
04/03/2017
23/03/2017
02/01/2017
26/01/2017
28/01/2017
28/01/.2017
28/01/2017
06/02/2017
07/02/2017
09/02/2017
13/02/2017
17/02/2017
21/02/2017
10/03/2017
13/03/2017
21/03/2017
22/03/2017
27/03/2017
28/03/2017
05/04/2017
06/04/2017
06/04/2017
13/04/2017
17/0472017
18/04/2017
20/04/2017
24/04/2017
26/05/2017

Espéce

K. prneumonia
P. mirabilis
K. pneumonie
P. mirabilis
P, mirabilis
K. pricumonia
K. oxytoca

P. mirabilis
K. pneumonice
P mirabilis

K. preumoniae
K. pneumonia

E. colt

K. preumoniae
K. pneumonice
K. pneumonic
K. pneumonice
K. pneumonice
P. mirabilis
P. mirabilis
P, mirabilis
P. mirabilis
P. mirabilis
K. pneumonice
K. pneumonia
K. pneumonice
K. preumonice
P. mirabilis
K. pneumonice
K. pneumonice
K. oxvioca

K. pneumonice
K. pneumonice
K. pneumonice
K. preumonia
P. stuartii

K. pneumonie
P. mirabilis
E. cloacae

K. pneumonice
P. mirabilis

Enzyme

NDM
NDM
OXA-48
NDM
NDM
OXA-48
NDM
NDM
NDM
NDM
OXA-48

OXA-48+ NDM

OXA-48
NDM
OXA-48
NDM
NDM
OXA-48
NDM
NDM
NDM
NDM
NDM
NDM
OXA-48
OXA-48
NDM
NDM
NDM
NDM
OXA-48
NDM
OXA-48
OXA-48
OXA-48+ NDM
NDM
OXA-48
NDM
OXA-48
0OXA-48
NDM



Total
2448
Nombre Nb de
souches
testées
Ticarcilline 2349
Pipéracilline 2191
Pipéracilline+Tazobactam 2321
Ceftazidime 2339
Céfépime 2238
Aztréonam 2297
Imipéneme 2291
Méropéneme 1672
Gentamicine 1609
Tobramycine 1973
Amikacine 2265

Ciprofloxacine 2168

P. aeruginosa

31,6
27,1
22,9
18,8
17,8
159
22,3
24,2
26,0
15,5
16,8

21,3

Hémocultures

128

Nb de
souches
testées

154
152
152
159
154
152
157
130
131
138
150

153

50,0
46,1
41,4
34,6
32,5
25,7
42,0
40,0
41,2
39,9
35,3

30,7

Préléevements
pulmonaires

871

Nb de
souches
testées

964
860
931
946
897
955
899
647
561
789
927

843

28,0
26,4
21,7
17,8
18,2
15,4
24,4
27,7
26,4
12,3
16,7

23,0



Taux de r®si stance Abaumannit 1 b

Total Hémocultures Pulmonaire
N=1090 N=243 N= 439

nombre %R nombre %R nombre %R

Ticarcilline 968 80,8 217 89,9 355 93,2

Pipéracilline 785 88,2 208 89,4 251 98,0

Pipéracilline+ Tazobactam 881 89,1 229 89,5 358 94,4

Céftazidime 906 80,5 226 88,1 320 92,8

Céfépime 842 74,7 187 80,7 307 81,1

Imipénéme 927 79,5 231 86,1 325 91,7

Gentamicine 769 81,3 185 84,3 289 89,6

Tobramycine 671 73,6 145 80,7 235 86,8

Amikacine 899 72,7 203 79,3 327 86,5
Ciprofloxacine

835 80,4 199 87,9 296 93,6

Cotrimoxazole
609 69,5 165 69,7 216 80,6






Cas clinique

A IU chez un homme de 65 ans, rein
unigue

A Dernier épisode remonte a 2 mois :
traitement par C3G et FQ

A Fiévre a 39,6/AC, urines troubles, PA a
90/50 mmHg, FC a 110 b/min

A Traitement probabiliste ?



Carbapenems versus alternative antibiotics for the treatment of
bacteraemia due to Enterobacteriaceae producing extended-spectrum
B-lactamases: a systematic review and meta-analysis

Konstantinos Z. Vardakas2, Giannoula S. Tansarlil, Petros I. Rafailidis'? and Matthew E. Falagas!-3*

Studies identified through Studies excluded as irrelevant
PubMed (246) and Scopus (438) to the focus of the meta-
database searching analysis

A4

Studies excluded (n=31)
e Data for mortality were not

4 available (n=8)
Full-text articles assessed for .| e One antibiotic was studied
eligibility (n=90) g (n=6)
e Data for bacteraemia were

not available (n=9)
e Article was part of other
studies (n=8)

Full-text articles excluded
(n=38)

e Authors did not respond

v (n=27)

Full-text articles—communication e Authors responded that data

with corresponding authors were not available (n=8)
(n=59) e Authors offered to provide data,

but did not send the data (n=2)

e The author provided the data,
but the data were not included
because other infections were
also studied (n=1)

y
Studies included (n=21)

JAC 2012



Carbapenems versus alternative antibiotics for the treatment of
bacteraemia due to Enterobacteriaceae producing extended-spectrum
B-lactamases: a systematic review and meta-analysis

Konstantinos Z. Vardakas2, Giannoula S. Tansarlil, Petros I. Rafailidis'? and Matthew E. Falagas!-3*

Traitement probabiliste

Carbapenems  BL/BLIs RR RR
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Apisarnthanarak et al. (2008)1% 0 5 1 10 1.9% 0.61[0.03,12.80]
Bin et al. (2006)21 0 3 0 7 Not estimable
Chaubey et al. (2010)22 0 10 6 16 90% 0.12[0.01,191]
De Rosa et al. (2011)23 8§ 57 2 8 62% 0.56[0.14,2.19] —T
Ferrandez et al. (2011)26 2 6 6 13 67% 0.72[0.20,2.58] —
Gudiol et al. (2010)7 2 5 3 6 48% 080[0.21,3.05] —T
Kang et al. (2012)% 21 78 8 36 193% 1.21[0.59,2.47] -+
Lee et al. (2010)3° 4 24 1 13 23% 2.17[0.27,17.43] N B —
Metan et al. (2009)32 7 5 7 134% 045[0.21,0.96] ——
Qureshi et al. (2011)3* 0 8 1 4 34% 0.19[0.01,3.75]
Rodriquez-Bano et al. (2012)1* 6 31 7 72 74% 199[0.73,5.44] T
Tumbarello et al. (2007)3° 1 28 4 33 65% 029[0.03,249] —————
Velaphi et al. (2009)20 13 40 12 48 192% 1.30]0.67,2.52] -
Total (95% CI) 317 273 100.0% 0.91[0.66,1.25] ¢ >
Total events : G . 56 . 1 1 .
Heterogeneity: 3 = 12.95; df= 11 (P=10.30); I = 15% 0005 01 1 1'0 500
Test for overall effect: Z=0.58 (P=0.56) AgainstBL/BLIs  Against carbapenems

JAC 2012



Carbapenems versus alternative antibiotics for the treatment of
bacteraemia due to Enterobacteriaceae producing extended-spectrum
B-lactamases: a systematic review and meta-analysis

Konstantinos Z. Vardakas2, Giannoula S. Tansarlil, Petros I. Rafailidis'? and Matthew E. Falagas!-3*

Traitement documenté

Carbapenems  BL/BLIs RR RR
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI ~ M-H, Random, 95% CI
Bin et al. (2006)2! 0 8 0 7 Not estimable
Chaubey et al. (2010)%2 L3 6 28 129%  0.62[0.20,1.98] —
Chung et al. (2012)% 3062 0 3 55%  044[0.03,7.20] -
Endimiani et al. (2005) 0 2 2 4 58 033002485
Ferrandez et al. (2011)6 16 30 0 5 59% 639044 92.62]
Lee et al. (2010)30 5 5 3 3 147% 012005028
Paterson et al. (2004)33 1 27 2 4 76% 0070001064
Qureshi et al. (2011)3* 0 8 1 4 50% 0.19[0.01,3.75]
Rodriguez-Banoetal. 2012)% 20 120 5 54 144%  180[0.71,4.54] ™
Tuon et al. (2010)Y7 10 15 4 4 169%  0.73[046,1.15] -
Tuon et al. (2011)!8 16 43 1 2 112%  07410.18 3.14] — T
Total (95% CI) 398 118 1000%  052[0.23, 1.13] & >
Total events , : 75 75 :
Heterogeneity: 12 = 0.90; ¢ = 3081, df =9 (P=0.0003); 1= 71% — —
Test for overall effect: Z=1.65 (P=0.10) 0'01 0.1 1 _10 100
Against BL/BLIS  Against carbapenems

JAC 2012



Cas clinique

A Notre patient : pipéracilline-tazobactam
ACMI ?

A Pas de CMI pour PIP/TAZ dans le
traitement des U

ASi autre site : CMI

HAS, SPILF, SRLF, mai 2019



Carbapenem Therapy Is Associated With
Improved Survival Compared With Piperacillin-
Tazobactam for Patients With Extended-
Spectrum B-Lactamase Bacteremia

Pranita D. Tamma,' Jennifer H. Han,? Clare Rock,? Anthony D. Harris, Ebbing Lautenbach,? Alice J. Hsu," Edina Avdic,* and
Sara E. Cosgrove®; for the Antibacterial Resistance Leadership Group

ACohorte rétrospective
APatients avec bactériémie & E BLSE | Unae paienisuih ESBLproducig

Escherichiacoli Klebsiella spp, or

APatients hospitalisés de 2007-2014 Proteus marcesosns bacterea

between January 2007-April2014

ABactériémie monomicrobienne (n=331)
ATraitement probabiliste par PTZ vs Excluded
carba e PTZMIC >16 ug/mL (n=14)
arpa .
Received PTZ or
ACarba en relais systématique carbapenens nialy and
carbapenemtherapy after
ESBL status known (n=317)
N Excluded*
AMortalité a J14 1. Ampicilin (n=2)
......................... 2. Ampicillin-sulbactam (n=2)
3. Azt =13
. Eligibility criteria met by 4, Cefrt?igzzzne(nn=1ii)
AScore de propension sur le 213 patients 5. Ciproﬂoxacifu(n=4)e)
traitement probabiliste (PTZ vs 7| T sk
Carba) PTZ prescribed Carbapenem
empirically prescribed
(n=103) empirically (n=110)

CID 2015



Carbapenem Therapy Is Associated With
Improved Survival Compared With Piperacillin-
Tazobactam for Patients With Extended-
Spectrum [-Lactamase Bacteremia

Pranita D. Tamma,' Jennifer H. Han,2 Clare Rock, Anthony D. Harris,® Ebbing Lautenbach,? Alice J. Hsu,* Edina Avdic,* and
Sara E. Cosgrove®; for the Antibacterial Resistance Leadership Group

Mortalité a J14

Univariable Analysis Multivariable Analysis

Characteristic HR 95% Cl PValue Adjusted HR® 95% Cl P Value
Piperacillin-tazobactam 1.78 1.00-3.13 .05 1.92 1.07-3.45 03
Age (per 10y increase) 1.28 1.09-1.50 1 1.18 0.99-1.41 07
Pitt bacteremia score 1.55 1.39-1.72 <.001 1.49 1.28-1.72 <.001
Intensive care unit level care, day 1 4.49 253-7.98 <.001 4.25 1.86-9.71 <.001
I[mmunocompromised 1.09 0.62-1.93 .76

Inadequate source control’ 1.18 0.81-1.72 39

Adjusted probability of survival

1.00 __I‘—
|

0.95+

0.90

0.85+

0.80

0

T | T | T | |
2 4 6 8 10 12 14

Days from onset of bacteremia

Mortalité a J14 ORa=1,92 (IC95% 1,07-3,45) si
PTZ en ATB probabiliste

CID 2015



Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance

A Randomized Clinical Trial

Hémoculture positive

AEssai multicentrique (9 pays sur les & E. coli ou K. pneumoniae Traitement

5 continents), de non infériorite ! 5&3?5??2?3‘2

(marge de 5 %, puissance de 80 %) Souche résistante clinicien

.7 1 a | ftri ibl

comparant pipéracilline-tazobactam 218 efiaxons ot sensible

(PIP-TAZ) 4 g x 4/} vs méropéneme |

(M ER) 1 gX 3/j Adulte, hémoculture < 72 h ; mono-

mi crobienne ; pas doall ergi
consentement
v

ARandomisation (1:1) dans les 72 h v
suivant hémoculture positive Random'fatlon 11

a E. coli ou K. pneumoniae ]
MER IV 1 g x 3/j PIP-TAZ IV 4 g x 4]
v

A Critére principa| " mortalité a J30 Traitement poursuivi au moins 4 jours post-
randomisation

v v
Co . A J5 : poursuite du traitement décidé par le
ACritéres secondaires : _ clinicien
guérison clinique et microbiologique, (arret ou refais oral possible)
récidive de septicémie, emergence de Crit-re principal dé®val u
r ®si stance eC.dffiaedi n mortalité toute cause & J30

Harris, JAMA 2018



Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance

A Randomized Clinical Trial

Patients screenés
présentant une septicémie
a E. coli ou Klebsiella 3 GC-
R
(n =1 646)

l

Randomisés (n = 391)

v
Bras MER (49,9 %) Bras PIP-TAZ (50,1 %)
Perdus de vue (n =0) Perdus de vue (n=1)
Sortis @&®Ht ude Sortis @G&E3) u
Analysés (n=191) AlnTaflrﬁe Analysés (n = 187)

Harris, JAMA 2018



Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance

A Randomized Clinical Trial

Critere principal : mortalité a

J30
Difference entre les 2 groupes,
n événements / n total % (IC 95 %)
(%) |
MER PIP-TAZ e 86(34-145)
Mortalite a J30 7/191 23/187 |
(en ITT) (3,7) (12,3) —m—  68(16-128)
gﬁ;tla'g: ae‘:f)’o 7/186 18/170 I N
ok (3.8) (10,6) 1 10 5 0 5 10 15

protocole)

En faveur En faveur
PIP-TAZ MER

A Conclusion : non infériorité non atteinte : surmortalité
en faveur du groupe traité par piperacilline-tazobactam

Harris, JAMA 2018



Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance

A Randomized Clinical Trial

Tendance a surmortalité dans tous les sous-groupes avec PIP-

Déces (PIP-

Sous-
groupes

Déces (MER)
n/total (%)

Revenus du pays

Revenu 72 135(2.9)
moyen

Revenu 306  6/156 (3,9)
éleve

Score de Pitt

O 4 27 0/9
<4 351 7/182(3,9)
Bactérie

E. coli 328  7/166 (4,2)
K. . 0/25
pneumoniae

Infection associée aux soins (IAS)
IAS 214  4/107 (3,7)
Non-1AS 164 3/84 (3,6)
Antibiothérapie probabiliste
Adaptée 253 5/127 (3,9)
Non adaptée 125 2/64 (3,1)
Point de départ

Urinaire 230 4/128 (3,1)
Non 148 3/63(4,8)
urinaire

Immunodépression

Oui 91 1/40 (2,5)
Non 287 6/151 (4,0)

TAZ)
n/total (%

4/35 (11,4)

15/150 (10,0)

5/18 (27,8)
18/169 (10,7)

17/161 (10,6)
6/26 (23,1)

18/107 (16,8)
5/80 (6,3)

18/126 (14,3)
5/61 (8,2)

7/102 (6,9)
16/85 (18,8)

10/51 (19,6)
13/136 (9,6)

E’r‘ﬁ;ence entre les groupes, % (IC 95 %)

1
)
1
+

——
—_—
5

1

1

:

1
1

__|.e_

:
—_——
I
1
1.

1
m——

S

6,8 (-6,0 ; 22,1)
6,2 (0,5; 12,5)

27,8 (-5,9 ; 51,3)
6,8 (1,5;12,8)

6,3 (0,7 ; 12,6)
23,1 (8,1 42,3)

13,1 (5,3 ; 21,8)
2,7 (-4,6;10,7)

10,3 (3,4 ; 17,3)
5,1 (-3,7 ; 15,2)

3,7(-2,0;10,7)
14,1 (3,6 ; 24,5)

17,1 (4,5 ; 30,5)
5,6 (-0,2:12,2)

1
T T T T T T T T T T 1
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55

En faveur PIP-
TAZ

En faveur
MER

Harris, JAMA 2018



Epargne des carbapénémes : PTZ prudence !!

A Sélectionner les indications (infection peu grave : IU

?/inoculum faible/contréle du point de départ)

AOptimiser | 6administrat.]

continue/doses élevées

A Sélectionner les souches (CMl/espeéce : E.

coli/mécanisme de résistance)

A Pas si gravité (réanimation)

O n



Traitement des infections a E-BLSE

Alternatives aux

carbapénemes
B-lactamines +IBL (AMC, PTZ) Céftazidime-avibactam
B-lactamines (cefepime, Ceftolozane-tazobactam
céphamycine, témocilline,,,)
Aminosides, fluorogquinolones Plazomicine
Fosfomycine Eravacycline

Tigécycline



Traitement des infections a E-BLSE

ACl assement des mol ®cul es s el
sur le microbiote

Impact écologique

potentiellement croissant Molecules

Rang 1 Aminosides (mais risque de toxicité)*

Rang 2 Témocilline, cotrimoxazole (TMP-SMX) **

Rang 3 Céfoxitine, amoxicilline-clavulanate

Rang 4 Pipéracilline-tazobactam, céfépime, fluoroquinolones**
Carbapénémes (incluant I'ertapéneme), ceftazidime-avibactam,

Rang 5
ceftolozane-tazobactam

HAS, SPILF SRLEE, mai 2019



Récapitulons !

Summary table of current options to treat infections due to ESBL-producing Enterobacteriaceae in different groups of patients

Group' Characteristics of infection in each group Options for treatment {dosing with normal renal function )
1 Severe infections; or Infections with a high-nsk source; orfand Imipenem (500 mg/6 h)
Severely-immunocompromised patients Meropenem (1.g/8 h)

2 Non-severe infections from intermediate-risk source Ertapenem (1 gfday)
Piperacillin-tazobactam (4.5 g/6—8 hr in extended infusion)
Imipenem (500 mg/8 hr)
Meropenem (1 g/8 hr)

3 Mon-severe urinary tract infection Ertapenem (1 gfday)

Piperacillin-tazobactam (4.5 g/6—8 hr in extended infusion)
Amaoxicillin-clavulanic acid (intravenous: 22 ¢/8 hr; oral for
LITE: 1.250 g/8 hr)

Aminoglycosides (amikacin: 15-20 mg/kg day, gentamicn
or tobramycin:

5-7 mg/kg/day)

Plazomycin (15 mg/kg/day)

Cephamycins (flomoxef: 1.g/8 hr; cefmetazole: 128 hr)
Imipenem (500 mg/8 hr)

Meropenem (1 g/8 hr)

Fosformycin iv (4 g6 hr)

Tromethamol-oral for non-bacteraemic UTE (3 gM8 hr)
Ciprofloxacin-oral for non-bacteraemic UT|s 400 mg/8-12 he)

Gutierrez-Gutierrez et al 2019




Récapitulons !

SITE OF
INFECTIOM
W b
FRIMARY SECONDARY PNEUMONIA cUTI Al
BACTEREMIA BACTEREMIA
i l < kS
AT ALLY )L PE T ST CIITIEALLY JL PATIENT® CRTRCALLY L PATENT CRITICALLYILL BT NT
CARBAPENEW G B N e CAR BAPE NE R AR AP M CARBAPEREM
on (=] o= L] on
CEFTOAOTAME TATORALCTAM CEFTOREP AN TAZCRALT fubd CEFTCADTAME/TATORALT AN CEF TOLOTAMNE T ATORACT Al CEFTEH.CR A NETAT CRACT AR
oR o o oy o
LEF CTaM CUF T AT A LT A CEF VAT DORA LA VA, CT A R CEF T AR N R T AR CEFT 0 A DA AR
IESERELETE CXNUNNTIN T L L= ThL CHTICHES I G CRITICALY UL i T T AT QETIIAG I8 b CRITIEALLYALL
VAT FOBRORITCN O EATEINT EATRNT P T T EATILHE
TIGECTCLINE 'H!l-nwn.r:m PIPE R CHLINT A T ORACT & I —nm-gmm nmﬂmﬂ
(PO OO "EWALLIATE DA MAATICHN PO E Ol AN [FOFORAVTIN
e ] WATH FOSFORIYCIN OR L] on
TR WL THGECTCLING ARSNOGLUYCTS DS THEECYCUMNE

IF CLINICAL STABILITY EVALUATE SWITCH TO PIPERACILLINTAZ OBACTAM
OR DRAL TRIMETHOPR | M-5ULFAMETHOXATOLE
OR QUINOLOMES
[(BASED ON IN VITRO SUSCEPTIBRITY)

oR

IF REFORTED IV WVITRO SUSCEFTIBILITY EVWALLUATE THE USE OF
PIPERACILLIN TATOBACTAM, FOSFOMYCOIN,

TRIMETHOPR | M-5ULFAMETHOKARDILE

IN LESS SEVERE FORMS [UTI, BILLAR TRACT OR CWC-RELATED INFECTHOMNS)

EVALUATE THE USE OF HIGH-DOSE OF
PIPERACILLIN [TAZOBACT AR IN COMNTINOUS INFUSION,

WHEN APPROPRIATE

Figure 1. Proposed algorithm for definitive therapy of ESBL infections. ¢UTI, complicated wrinany tract infection; dAl, complicated intraabdorminal infection.

Expert Rev Anti Infect Ther / Russo et al / 2021







ANTIBIOGRAMME

Germe . Escherichia coli Numération culture :
pntibloticus Résultat interprété CMI  Seuils CMI Spécilaité
AMOXICILLINE 20ug Résistant 8-8 CLAMOXYL
AMOXICILLINE + AC.CLAVULANIQUE 20-10pg  Résistant >8 8-8 AUGMENTIN
ICARCILLINE 75ug Résistant >16 8-16 TICARPEN
ICARCILLINE + AC.CLAVULANIQUE 75-10ua____Résistant >16 8-16 CLAVENTIN
PIPERACILLINE 30ug PIPERILLIN
PIPERACILLINE + TAZOBAC ; . . TAZOCILLIN
\CE"ALC’\'NE 30ug Mécanismes de résistance ?
CEFUROXIME IV 30ug CUROXIME
CEFOY!TINE 30ug MEFOXIN
CEF!YI!"F 5ug Résistant >1 1-1 OROKEN
‘CEFﬁTAYWIE 5pg Résistant >16 i-2 CLAFORAN
ICEFEPIME 30ug En cours 1-4 AXEPIM
Az AZTREONAM 30ug Résistant 256 1-4 AZACTAM
iERTAE’_ENEME 10ug Résistant >32 0,5-1 INVANZ
TOBRAMYCINE 10ug Résistant >16 2-4 NEBCINE
NETVILMICINE 10pg Résistant 16 2-4 NETROMICIN
AMIKACINE 30pa Résistant >64 8-16 AMIKLINCIN
ACIDE NALIDIXIQUE 30ug Résistant >16 16 - 16 NEGRAM
NOR1LGRACINE 10ug Résistant >16 0.5-1 NOROXINE
OFLUXACINE 5ug Résistant 128 0,25-0,5 OFLOCET
CIPFeL OXACINE 5ug Résistant 256 0,25-0,5 CIFLOX
LI:V( JFL \.JXACIN: 5ug Résistant >8 0,5-1
‘Fu\,ru'm CINE 200ug SENSIBLE <=32 32.32 FOSFOCINE
CHLCRAMPHENICOL 30ug Résistant >8 8-8
NITROEUANTOINE 100ug Résistant >64 64 - 64 ERCEFURYL
TRIME THOPRIME + SULFAMIDES 1.25-23.75ug _ Intermédiaire >2 2-4 BACTRIM
ﬁ-Téé. \/I_,LINF 15ug SENSIBLE <1 1-2




Serine Metallo Serine Serine
(zinc-binding thiol)

TEM, SHV, NMD-1, IMP, AmpC, CMY
CTX-M, KPC VIM '

Enterobacteriaceae § Enterobacteriaceae Enterobacter spp. Enterobacteriaceae

and and Citrobater spp. and
Non-fermenters Non-fermenters Non-fermenters

Ampicillin; cephalotin; Cephamycins; Cloxacillin;
’

penioliins; 3 gen | B- : Extended-spectrum
cephalosporins; Extended- All -lactams 3"’-generat19n ce halosporinS'

spectrum cephalosporins; cephalospor ns P P 4
carbapenems carbapenems
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KPC-2 is the most prevalent class A carbapenemase in the world and can hydrolyze
the B-lactamase inhibitors clavulanic acid, sulbactam, and tazobactam.
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Coli + rifa
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ERC : Molécules

A Ceftazidime-avibactam

A Méropénéme-vaborbactam
A Céfidérocol

A Imipénéme-relebactam

A Tigécycline

A Aminosides

A Colistine

A Fosfomycine

Paul, CMI, 2022



ERC : Molécules Escmib/1bsa)

A Méropénéme-vaborbactam
A Céfidérocol

A Imipénéme-relebactam

A Tigécycline

A Aminosides

A Colistine

A Fosfomycine

Paul et al, CMI, 2022 / Lawandi et al, CMI 2022



H Ceftazidime I avibactam H

A Activité sur entérobactéries :

I BLSE (TEM, SHV, CTX-M)

I Enzymes de classes A (KPC) et C (Amp C)

I Certaines de classe D (OXA-48)

A Activité sur Pseudomonas aeruginosa

Antibiotic

ESBL

Enterobacteriaceae
(e.g. E. coli, Klebsiella spp.)

Acinetobacter
SPP.

Pseudomonas

SPP.
Efflux | AmpC

AmpC | KPC | OXA-48 | NDM

Ceftolozane-tazobactam

Meropenem-vaborbactam

Ceftazidime-avibactam

Imipenem-relebactam

Rubio, AAC, 2021 / Magiorakos, CMI, 2012 / Sharma, Clin Therapeutics, 2016



Ceftazidime-Avibactam Is Superior to
Other Treatment Regimens against
Carbapenem-Resistant Klebsiella
pneumoniae Bacteremia

Ryan K. Shields,>< M. Hong Nguyen,>< Liang Chen,? Ellen G. Press,?
Brian A. Potoski, << Rachel V. Marini,c Yohei Doi,>< Barry N. Kreiswirth,d
Cornelius J. Clancy>b-f

A 37 EPC dont 31 KPC

A Monothérapie CAZ AVI
70%

A Succes clinique J30 :
59%

Caractéristiques

90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

Meilleure tolérance rénale

85%

C-A CB +AG CB + COL Other

C-A (n=13) CB+AG (n=25) | CB+COL (n=30) | Autres (n=41)

Succes clinique

Survie J90
AAC 2017

11 (85%)

12 (92%)

12 (48%) 12 (40%) 15 (37%) 0.02

14 (56%) 19 (63%) 20 (49%) 0.04



Ceftazidime-Avibactam Is Superior to
Other Treatment Regimens against
Carbapenem-Resistant Klebsiella
pneumoniae Bacteremia

Ryan K. Shields,>< M. Hong Nguyen,>< Liang Chen,? Ellen G. Press,?

Brian A. Potoski, << Rachel V. Marini,c Yohei Doi,>< Barry N. Kreiswirth,d
Cornelius J. Clancy>b-f

Analyse multivariée succes

Facteurs (succes) szné:rissO(;n OR (IC 95%)
Néoplasie (n,%) 7 (14) 17 (29) 0,1 _
Bactériémie primitive (n,%) 19 (38) 9 (15) 0,006 4,5 (1,53-13,12)
Dialyse (n,%) 6 (12) 18 (31) 0,2 _

Score de Pitt (mediane-range) 3 (0-9) 5 (0-9) 0,15 _
APACHE Il (mediane-range) 17 (7-38) 21 (4-36) exclus _
Réanimation (n,%) 21 (42) 35 (59) 0,24 _
Multi th®rapie (0220@B) ( n,1%(19) exclus B
TTT par C-A (n,%) 11 (22) 2 (3) 0,01 8,64 (1,61-46,39)

AAC 2017



Colistin Versus Ceftazidime-Avibactam in the
Treatment of Infections Due to Carbapenem-Resistant
Enterobacteriaceae

Van Duin, CID, 2018

A Etude prospective, multicentrique, observationnelle

A 137 patients : 99 colistine vs 38 cefta-avibactam

A Mortalité a J30 de toutes causes : 9% vs 32% (p=0,001)

IPTW-Adjusted %

IPTW-adjusted %

IFTW-Adjusted Cumulative
Difference for Colistin
Minus Ceftazidime-

DOOR:
IPTW-Adjusted
Probability Estimate

Outcome No. (%) (95% CI) No. (%) 95% CI) Avibactam, % (95% ClI) (95% Cl)
Efficacy
disposition (n = 137) n=238 n=299 0.64 (57— 71}
Hospital death 3(8) 9 (3-20) 33 (33) 32 (23-41) 23 (9-35)
Alive in hospital or discharged not to home 27 (71) 72 (57-86) 59 (60} 61 (51-70) 11 (-1 to 23)
Discharged home 8 (21) 18 (8-31) 7 {7) 7(3-13)
Safety
death and incident renal failure (n = 72) n=26 n=46 0.62 (.b2-.72)
Hospital death 21(8) 9 (3-24) 12 {26]) 25 (13-38) 16 (-2 10 32)
Mot observed to die, with incident renal 1 (4) 5 (3-19) 6 (13) 13 {4-24) 24 (4-43)
failure
Mot observed to dig, without incident renal 23 (88) 86 (69-100) 28 (61) 62 (47-76)

failure



Observational Study > J Antimicrob Chemother. 2022 Apr 27;77(5):1452-1460.
doi: 10.1093/jac/dkac049.

Impact of ceftazidime/avibactam versus best
available therapy on mortality from infections
caused by carbapenemase-producing
Enterobacterales (CAVICOR study)

A Etude multicentrique rétrospective
A 339 patients / &ge moyen = 70 ans
A Critére de jugement principal : mortalité a J30
A Au total : 189 (55,8%) patients traités par CAZ/AVI
ASources de | 6infection
A Infections urinaires = 129 (38,1%)
A Bactériémies = 111 (32,7%)
A 1IA=60
A Pneumonies = 39
A Bactéries isolées : KP = 311 (91,7%)
A Mécanismes de résistance
A OXA-48 = 255 (75%)
A KPC =84 (25%)



Observational Study > J Antimicrob Chemother. 2022 Apr 27;77(5):1452-1460.
doi: 10.1093/jac/dkac049.

Impact of ceftazidime/avibactam versus best
available therapy on mortality from infections
caused by carbapenemase-producing
Enterobacterales (CAVICOR study)

CAVICOR: Survival outcomes in patients treated with
CAZ-AVI vs BAT for infections caused by CPE*?

Survival in patients with INCREMENT-CPE Survival in patients with INCREMENT-CPE
. *1
CAVICOR: Outcomes score of <7 points (log rank 0.73) score of >7 points (log rank 0.004)
e _,_‘_\R_ —— 10 - S CAZ-AV
T s S R ioaar

Ceftazidime—avibactam | Best available therapy § " ’
o AN A
21-day clinical cure, n (%) 169 (89.4) 119 (79.3) 0.01 :g’ é
Microbiological response, n (%) 100 (52.9) 50 (33.3) <0.001 g ) g ‘
Infection relapse, n (%) 24 (12.7) 13(8.6) 0.24 & & § s
Crude mortality (30 days), n (%) 26 (13.7) 33(22) 0.04
' Da;s from‘ihe st;:t of (r:’atmen‘: i Days from the start of treatment
Score SOFA < 0,001 1,22 (1,171 1,35)
Score increment > 7 0,04 2,13 (1,017 4,46)

Traitement par CAZ/AVI 0,008 0,42 (0,221 0,8)



In Real-World Clinical Practice: EZTEAM Study

The Use and Effectiveness of Ceftazidimel Avibactam

A Etude non interventionnelle E{j‘jm}
A 11 pays, a partir du 1¢' Indication. 7 (%)
janvier 2018 HAP/VAP 114 (22.1)
A Patients traités par cUTI 103 (20.0)
ceftazidime/avibactam BSI 97 (18.8)
Inclus consécutivement, cIAI 90 (17.4)
selon AMM dans les Other 112 (21.7)
iIndications approuvees Febrile neutropenia 24 (47)
dans leur pays Sl 15 (29)
A 516 patients ayant recu au CLABSI 15 (29)
moins 72 heures Osteomyelicis 7 (14)
Others 51 (9.9)

Sorinao, Infect Dis Ther 2023




In Real-World Clinical Practice: EZTEAM Study

The Use and Effectiveness of Ceftazidimel Avibactam

Total
A K. pneumoniae = 306 (59,3%) (N = 516)
Indication, » (%)
A P. aeruginosa = 69 (13,4%) FAPIVAR 114 (22.1)
cUTI 103 (20.0)
BSI 97 (18.8)
A E. coli = 45 (8,7%) o e
Other 112 (21.7)
A E. cloacae = 34 (6,6%) 4
ssl 15 (2.9)
CLABSI 15 (29)
Osteomyelitis 7 (1.4)
Others 51 (9.9)

Sorinao, Infect Dis Ther 2023




The Use and Effectiveness of Ceftazidimei Avibactam
In Real-World Clinical Practice: EZTEAM Study

En réesumeé

A Succeés clinique = 77,3%
A Effets indésirables = 6 patients

A Efficacité démontrée en vie réelle de

ceftazidime/avibactam

Sorinao, Infect Dis Ther 2023




fCeﬁazidime- \

avibactam actif
sur la plupart des
KPC et OXA-48
selon seuils
définis (=8/4

\mgfL} Y,

Ceftazidime-Avibactam

no. of sites; inclusion

Retrospective cohort,
hematological.

Retrospective cohort, 1 site;
BSI due

to CR K. pneumoniae, <3 days
of

therapy

Retrospective, 1 site; CRE
infections treated with CAZ-AVI

Retrospective, 1 site; CRE
infections treated with CAZ-AVI

Retrospective cohort, 15 sites;
CRE

infections treated with CAZ-
AVI, salvage therapy

Retrospective cohort, 9 health
care systems in USA; CRE
infections

treated with CAZ-AVI for <24 h

Prospective cohort, 18
hospitals in USA; CRE infections

AAbsence

Al nt ®r °t

£

109

137

Types of infections and pathogens

4 sites; BSI| due to CRE,

85% K. pneumoniae; 60% OXA-48 producers and
40% KPC producers; sources: 14 (45.1%) primary,
6 (19.3%) HAP

All K. pneumoniae;97% KPC; 50% in ICU; Source:
50 (45.8%] 1AL, 28 (25.6%) primary BSI

84% K. pneumoniae; 78.3% KPC

All K. pneumeniae, KPC; all susceptible to CAZ-AVI

34 K. pneumoniae;23 KPC, 13 OXA-48; type of
infection: 15 (39.4%) 1Al, 7 (18.4%3) HAP

83% K. pneumoniae; type of infection: 38% BSI,
28% UTI, 27% HAP

97% K. pneumoniae, 96% KPC-producers; type of
infection: 46% BSI, 22%: HAP, 14% UTI

Mortality definition [no. of
deaths/no. of patients treated
[3:] [CAZ-AVI vs other regimens])

Day 30; 2/8 (25) vs 12/23 (52.2);
P=0.24

30-day; 1/13 (7.6) vs 30/96
{31.2)

30-day; 9/37 (24.3)

In-hospital; 3/6 [50)

In-hospital; overall, 15/38
(39.5); for IAl, 6/15 [40); for
HAP, 5/7 (71.4)

In-hospital; overall, 19/60 (32);
for monotherapy, 30%: for
combination therapy, 33%:; for
BSI, 39%; for UTI, 12%:; for
pneumonia, 56%

30-day, adjusted; 8% vs 32%
{difference, 23%; 95% Cl, 9-35%)

ddacti v

azfears|ar® O C

... Revue des séries et cas cliniques des infections a EPC traités par Ceftazidime-avibactam

Clinical cure (no. of patients with cure/no. of
patients treated [%] [CAZ-AVI vs other regimens])

Day 14; 6/8 [75] vs 8/23 (34.8); P =0.03

Day 30; 11/13 (85) vs 30,96 (40.6); P 0.006;
adjusted OR B 8.64 (95% C1 B 1.61-43.39)

2337 (62); for monotherapy, 58%; for combination
therapy, 64%; 10 (27%) recurrences, with 3 isolates
developing resistance

4/6 (66.6); 2 relapses, no development of resistance

28 (73.7): for monotherapy, 69.2%: for combination
therapy, 76%; 2 relapses, no resistance detected

39/60 (65); for monotherapy, 67%; for combination
therapy, 63%

30-day adjusted probability of better outcome
[using desirable outcome ranking), 64% (95% Cl, 57—
71%) with ceftazidime-avibactam

t ® sur

er

cC



Clinical Infectious Diseases
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Efficacy of Ceftazidime-avibactam Plus Aztreonam in
Patients With Bloodstream Infections Caused by
Metallo-p-lactamase-Producing Enterobacterales

OXFORD

Marco Falcone,' George L. Daikos, Giusy Tiseo,' Dimitrios Bassoulis,2 Cesira Giordano,’ Valentina Galfo,' Alessandro Leonildi,’ Enrico Tagliaferri,’

Simona Barnini,’ Spartaco Sani,’ Alessio Farcomeni,’ Lorenzo Ghiadoni,’ and Francesco Menichetti'

A Etude prospective observationnelle

A Trois hopitaux (ltalie, Gréce)

A Critére de jugement : mortalité J30

A CAZ-AVI + ATM versus autres antibiotiques actifs

A Souches entérobactéries MBL

1,04
N L CAZ-AVI plus ATM
0,81 1 1 |
Table 4. Cox Regression Analysis of Factors Independently Associated -
With 30-Day Mortality € o6 *— OAAs
v —
Factor HR (95% ClI) PValue § 0,41
2 o
Cardiovascular disease 6.62 (2.77-15.78) <.001 o
Solid organ transplantation 3.52 (1.42-8.69) .006 "
SOFA score (1-point increment) 1.21 (1.1-1.32) <.001
CAZ-AV| + ATM (vs OAAs) 0.17 (.07-.41) <.001
0,09
Abbreviations: ATM, aztreonam: CAZ-AVI, ceftazidime-avibactam; Cl, confidence in- r r . : . : .
terval; HR, hazard ratio; OAAs, other active antibiotics; SOFA, Sequential Organ Failure o 8 10 - 20 28 =0
Assessment. Days from BSI
Number at risk
CAZ-AVI plus ATM 52 51 50 47 45 45 42
0AAs 50 40 36 31 30 29 28

Falcone, CID, 2021




Carbapenemase-producing Klebsiella

treating with carbapenems?

pneumoniae: (when) might we still consider

Dalkos GL et al, CMI, 2011
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== 19Tlq8h == 1gPlq8h = 2gPlq8h FIG. 2. Simulated target attainment probabilities for 50% time above
FIG. |. Simulated concentration—time profiles of three different dos- the MIC (50% T > MIC) of three different regiments of meropenem.
ing regimens of meropenem. Tl, traditional 30-min infusion; Pl, pro- Tl, traditional 30-min infusion; Pl, prolonged 3-h infusion. Adapted

longed 3-h infusion. Adapted from [35.45,47]. from [36].




Double carbapenem as a rescue strategy for the
treatment of severe carbapenemase-producing
Klebsiella pneumoniae infections: a two-center,
matched case-control study

o]

A Etude cas témoins — e
observationnelles ; of T
5 60=
A Infections documentées KPC 1
* 20+ p=0.02 by log-rank test
A Comparaison double T
carbapénemes b

= DC group

(ertapéneme+meropéneme) vs ST roup
traitement au choix

A Certaines souches résistantes m:
. . . p=0.08 by log-rank test
a la colistine :

Probability of survival

0 10 20 30 40 50 60 70 80 90
Days

Fig. 2 Kaplan-Meier curves showing the impact of DC therapy (bladk

fine) versus ST (gray line) on a 28-day mortality and b 90-day mortality.

Di pasquale, Crit Care, 2017 \ DC double carbapenem, ST standard treatment




Effect of combination therapy containing a high-dose carbapenem on
mortality in patients with carbapenem-resistant Klebsiella
pneumoniae bloodstream infection

Maddalena Giannella **, Enrico Maria Trecarichi ®, Daniele Roberto Giacabbe ¢,

Francesco Giuseppe De Rosa “, Matteo Bassetti %, Alessandro Bartoloni |,

Michele Bartoletti %, Angela Raffaella Losito ®, Valerio del Bono ©, Silvia Corcione ¢,

Sara Tedeschi ® Francesca Raffaelli ®, Carolina Saffioti °, Teresa Spanu &,

Gian Maria Rossolini ™, Anna Marchese §, Simone Ambretti ), Roberto Cauda ®,

Claudio Viscoli %, Russell Edward Lewis®, Pierluigi Viale %, Mario Tumbarello ® on behalf of
Italian Study Group on Resistant Infections of the Societa ltaliana Terapia Antinfettiva
(ISGRI-SITA)

A: MIC <8 mglL

Analyse post hoc cohorte italienne (6 ans)

Patients BSI EPC (Kl pn)
Traités en association

Evaluation impact forte dose de carbapénemes

(mortalité a J14)

Cumulative survival
=
L)

Facteurs protecteurs : )
— Admission en chirurgie (HR 0.44, P = 0.005) "
— Forte dose de carbapénémes (HR 0.6g, P = 0.05)

Méropénem a forte dose indépendamment

10

L]

-l

associée a moindre mortalité, méme chez
\_ patients avec CMI 2 16 mg/L )

T T T
§ ] 10

Time to death

T
13

08

CMT

B: MIC 216 mg/L

1] —

0,50

Cumulative survival

080

B8 '_| ]

ChT
-

100

Loas

030

FO8s

FO.7s

fior the variable carbapenem combinarion therapy |CMT) was; 063, 85801 0.41-056, P= 0,03,

Time to death

Fig. 1. Cox regression analysis of aurvival stratified for carbapenam MIC, CMT: combination with merapenzm Teatment; O no, 1 yes, Panel A and Panel B show cumulative
survival at 14 days from CR-KP B3I onset for parients who did or did not receive carbapensm combination therapy, itwas adjusted for all the covariates included in the Cox
regression miodel and the propensity score, The model was further seratified according o the merspenem MIC <8 mgiL (Panel A), MIC =16 mgiL (Panel B} the overall aHR

|JAA 2018



Faut-1l une association ?

Carbapenemase-Producing Klebsiella pneumoniae Bloodstream

Infections: Lowering Mortality by Antibiotic Combination Schemes
and the Role of Carbapenems

Cumulative probability of survival

1.00

Association

0.75

0.50

Monothérapie

o

N

a
1

0.00

T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time since BSI| onset (days)

A Pas

Mortalité

d6OATB acti f

A Monothérapie = 44,4%

A Association = 27,2%

Carbapénéemes = 19,3%

Sans carbapénémes = 30,6%

Dalkos, AAC, 2014



Effect of appropriate combination therapy on mortality of

patients with bloodstream infections due to
carbapenemase-producing Enterobacteriaceae
(INCREMENT): a retrospective cohort study

Belén Gutiérrez-Gutiérrez*, Elena Salamanca®, Marina de Cueto, Po-Ren Hsueh, Pierluigi Viale, José Ramon Pano-Pardo, Mario Venditti,
Mario Tumbarello, George Daikos, Rafael Cantén, Yohei Doi, Felipe Francisco Tuon, llias Karaiskos, Elena Pérez-Nadales, Mitchell ) Schwaber,

Ozlem Kurt Azap, Maria Souli, Emmanuel Roilides, Spyros Pournaras, Murat Akova, Federico Pérez, Joaquin Bermejo, Antonio Oliver,

Manel Almela, Warren Lowman, Benito Almirante, Robert A Bonomo, Yehuda Carmeli, David L Paterson, Alvaro Pascual, Jesus Rodriguez-Bano,

and the REIPI[ESGBIS/INCREMENT Investigators?

A

o I

A
A

Cohorte retrospective sur
bactériémies monomicrobiennes a
EPC

10 pays, 26 hopitaux

Comparaison mortalité J30 entre

patients ayant recu une seule
molécule efficace vs plusieurs
molécules

Score INCREMENT de mortalité

ATB adaptée (<5j) associée a une
moindre mortalité vs ATB inadaptée
38,5% vs 60,6% (p<0,0001)

Pas de différence de mortalité
globale (35% vs 41 % ; p = 0,28)

Appropriate Inappropriate pvalue
therapy therapy
(n=343) (n=94)
Age (years) 66 (55-5-76:0) 66 (50-77) 0-76
Male sex 197 (57%) 58 (62%) 0-46
Enterobacteriaceae 027
Klebsiella pneumoniae 291 (85%) 84 (89%)
Other 52 (15%) 10 (11%)
Enterobacter cloacae 24 (7%) 4 (4%)
Escherichia coli 14 (4%) 3(3%)
Enterobacter aerogenes 10 (3%) 3(3%)
Citrobacter spp 3(1%) 0
Serratia marcescens 1(<1%) 0
Type of carbapenemase 0-64
OXA-48 57 (17%) 12 (13%)
KPC 253 (74%) 76 (81%)
Metallo-B-lactamases 33 (10%) 6 (6%)
VIM 30(9%) 6 (6%)
Other 3(1%) 0
Nosocomial acquisition 298 (87%) 87 (93%) 013

Lancet Inf Dis, 2017




Effect of appropriate combination therapy on mortality of
patients with bloodstream infections due to
carbapenemase-producing Enterobacteriaceae
(INCREMENT): a retrospective cohort study

Belén Gutiérrez-Gutiérrez*, Elena Salamanca*, Marina de Cueto, Po-Ren Hsueh, Pierluigi Viale, José Ramén Pano-Pardo, Mario Venditti,

Mario Tumbarello, George Daikos, Rafael Cantdn, Yohei Doi, Felipe Francisco Tuon, llias Karaiskos, Elena Pérez-Nadales, Mitchell | Schwaber,
Ozlem Kurt Azap, Maria Souli, Emmanuel Roilides, Spyros Pournaras, Murat Akova, Federico Pérez, Joaquin Bermejo, Antonio Oliver,

Manel Almela, Warren Lowman, Benito Almirante, Robert A Bonomo, Yehuda Carmeli, David L Paterson, Alvaro Pascual, Jesus Rodriguez-Bao,
and the REIPI/ESGBIS/INCREMENT Investigatorst

All patients (n=343)

Low-mortality
score (0-7; n=177)

High-mortality score
(8-15; n=166)

Monotherapy
Any
Colistin
Meropenem or imipenem
Other active B-lactams
Cefepime
Aztreonam
Ceftazadime
Tigecycline
Aminoglycosides
Others
Cloramphenicol
Ciprofloxacin
Fosfomycin
Levofloxacin
Combination therapy* t
Any
Tigecycline included
Colistin included
Aminoglycosides included
Carbapenem included
Fosfomycin included
Others

85/208 (41%)
40/74 (54%)
16/43 (37%)
3/19 (16%)
1/13 (8%)
1/4 (25%)
1/2
14/37 (38%)
11/27 (41%)
1/8 (13%)
1/1 (100%)
0/4
0/1
0/2

47/135 (35%)
29/82 (35%)
28/74 (38%)
19/56 (34%)
14/37 (38%)
3/9 (33%)
6/17 (35%)

21/105 (20%)
12/32 (38%)
5/25 (20%)
2/17 (12%)
0/11
1/4 (25%)
1/2
0/15
1/9 (11%)
1/7 (14%)
1/1 (100%)
0/3
0/1
0/2

17/72 (24%)

10/45 (22%)

11/36 (31%)
4/27 (15%)
4/19 (21%)
1/4 (25%)
3/11 (27%)

64/103 (62%)
28/42 (67%)
11/18 (61%)
1/2 (50%)
1/2 (50%)
0/0
0/0
14/22 (64%)
10/18 (56%)
0/1
0/0
0/1
0/0
0/0

30/63 (48%)
19/37 (51%)
17/38 (45%)
15/29 (52%)
10/18 (56%)
2/5 (40%)
3/6 (50%)

A All mortality scores

100+ —— Monotherapy
—— Combination therapy
80
= 60
e
2 |6
204
HR 076 (95% Cl 0-53-1-08); p=0-12
0 T T T T T 1
0 5 10 15 20 25 30
Number at risk
Monotherapy 208 181 158 147 136 130 125
Combination therapy 135 131 121 109 103 94 90

B Low mortality score (0-7)

100
80 -:%ﬁ%
~ 604
]
2
2
A 40
204
HR 1:18 (95% Cl 0-62-2-23); p=0-61
0 T T T T T 1
0 S 10 15 20 25 30
Number at risk
Monotherapy 105 103 96 94 90 86 84
Combination therapy 72 72 68 65 63 56 55
C High mortality score (8-15)
100~
80
~ 60+
2
A 404
204
HR 0-60 (95% C1 0-39-0-93); p=0-02
0 T T T T T 1
0 5 10 15 20 25 30
Number at risk Follow-up (days)
Monotherapy 103 78 62 53 46 44 41
Combination therapy 63 59 53 44 40 38 35

Lancet Inf Dis, 2017




Faut-1l une association ?

Ceftazidime-Avibactam Combination Therapy Compared to Ceftazidime-Avibactam

Monotherapy for the Treatment of Severe Infections Due to Carbapenem-Resistant
Pathogens: A Systematic Review and Network Meta-Analysis

N° of Patients N° of Patients N° of Patients

Author (Published N of patients N a‘f Treated with Treated with Treated with BAT CZA-A_ss:nm_ated Medical Ward
Year) [ref.] Enrolled Bacteremia (%) CZA Antibiotic
CZA Alone ... BAT
Association
Sousa (2018) [8] 57 26 (46) 16 11 X X # NS
Mix
. 26
King (2017) [26] 60 23 (38) 33 27 X ICU (59%)
Alraddadi (2019) [27] 38 22 (58) 10 X 28 § X NS
- Mix
Caston (2017) [6] 31 31 (100) X 8 23 ICU (10%)
-y - Mix
Shields (2017) [7] 109 109 (100) 8 5 96 ++ <> 1CU (50%)
- Mix
Tumbarello (2019) [5] 208 208 (100) 22 82 104 8§ #H 1CU (333%)

Pas de superiorité des associations avec CZA versus CZA seul en

termes de mortalité

OR = 0,96 (IC95% = 0,65-1,41)

Fiore et al, Antibiotics, 2020




Recommandations (ESCMID 2022)

A Infections séveéres :
I Ceftazidime-avibactam

I Méropéneme-vaborbactam

A Céfidérocol : infections sévéres a souches NDM
ou résistance a toutes les autres molécules

A Infections non séveéres :
I Anciennes molécules actives in vitro

i Si infections urinaires compliquées : AG > tigécycline

Paul et al, CMI, 2022




Recommandations (ESCMID 2022)

A Tigécycline :
I Ne pas utiliser si bactéeriemies ou PAVM/PAH

I Si nécessaires en cas de pneumonie : fortes

posologies

A Pas de recommandations en monothérapie :

I Imipéneme-relebactam

I Fosfomycine

Paul et al, CMI, 2022




Recommandations (ESCMID 2022)

APas doéassociation avec | es
I Ceftazidime T avibactam
I Meropéneme i varobactam
i Cefidérocol

A Infection séveére et probable NDM : CZA + aztréonam

A Si CZA non disponible et infection sévére : association

de molécules actives in vitro :

colistine / AG / fosfo / tigecycline

Paul et al, CMI, 2022




Les carbapénemes ?

Les carbapenemes ne sont pas
recommandeés en association pour le
traitement des infections a ERC sauf
si CMI-méropénéeme O 8 mg/ | |

dose élevée de méropéneme est

utilisée en perfusion continue

Paul et al, CMI, 2022 / Lawandi et al, CMI 2022



Recommandations

ESCMID 2022 IDSA 2021
: Loy : , Quinolones, TMP/SMX
Infections non séveres Anciennes molécules ) )
Aminosides
Cefiderocol Cefiderocol
ERC par NDM Cefta/avibatam + AZT monothérpaie
Tigécycline Non recommandee en cas 1 o0 gvitée
gecy de bactériémies ou PAVM*
Association Pas obligatoire Pas obligatoire

Paul et al, CMI, 2022 / Lawandi et al, CMI 2022






Molécules

A Nouvelles
I BL/IBL : ceftolozane-tazobactam
I BL/IBL : ceftazidime-avibactam
i Imipéneme-relebactam
i Cefidérocol

A Anciennes
i Colistine
I Aminosides
I Fosfomycine

Maraolo, Expert Review Anti-Infective Therapy, 2017




Ceftolozane-tazobactam

A Nouvelle C3G associée au tazobactam (2/1)

A Spectre

I Entérobactéries
A classe A : TEM, SHV, CTX-M
A classe D : OXA-BLSE

I Pseudomonas aeruginosa

A Indications (AMM) :

i Infections intra-abdominales compliguées
I Infections urinaires compliquées

Maraolo, Expert Review Anti-Infective Therapy, 2017




Ceftolozane/Tazobactam vs Polymyxin or
Aminoglycoside-based Regimens for the

aeruginosa

Treatment of Drug-resistant Pseudomonas

Pogue M et al, CID, 2020

A Etude rétrospective multicentrique observationnelle

A CEF/TAZ versus association comportant

polymyxine ou

aminoside
Ceftolozane/ Polymyxin/Aminoglycoside Odds Ratio Adjusted Odds
QOutcome Tazobactam (N = 100) (N = 100) PValue {95% Cl} Ratio® (95% Cl)
Clinical cure 81 61 .002 2.72 (1.43-5.17) 2.63 (1.31-5.30)
In-hospital mortality 20 25 A0 0.75(0.38-1.46) 0.62 (.30-1.28)
Acute kidney injury 6 34 <.001 0.12 (0.05-0.31) 0.08 (.03-.22)
Risk 2 8
Injury 3 12
Failure 1 14
Renal replacement therapy 0 7

A Conclusion : CEF/TAZ plus efficace et moins toxique




Real-World Evidence

Ceftolozane/Tazobactam for Resistant Drugs
Pseudomonas aeruginosa Respiratory
Infections: A Systematic Literature Review of the

Giaccare, Life, 2021

A 22 publications, 84 épisodes infectieux

65
60
55
50
45
40
35
30
25
20
15
10

n® cases

MDR CR XDR

PDR

Total

W Successful

® Failure

Death

Taux global de
succes 72,6%




Ceftazidime/Avibactam versus Polymyxin B in the

Challenge of Carbapenem-Resistant Pseudomonas

aeruginosa Infection

Etude monocentrique, 2018 i 2020
136 patients (infections documentées a PA-RC)
Siege : poumon (99,3%)
CAZ/AVI = 53 vs Polymyxine B = 85

Criteres de jugement = mortalite J14 / J30

Univariate Analysis

Multivariate Analysis

P value HR (95% CI) P value HR (95% CI)
Age (l-year increments) 0.033 1.047 (1.004-1.093) 0.022 1.050 (1.007-1.094)
Central venous catheter 0.021 0.262 (0.084-0.8186) 0.027 0.268 (0.084-0.859)
Duration of therapy (|-day increments) | 0.027 0.871 (0.771-0.984)
CAZ/AVI use 0.031 0.287 (0.092-0.890) 0.016 0.244 (0.078-0.765)

Chen, 2022, Infection Drug Resistance




Treatment of Infections Caused by Multidrug-Resistant
Pseudomonas aeruginosa: a Multicenter Cohort Study

Ceftolozane-Tazobactam Versus Ceftazidime-Avibactam for the

Etude rétrospective, multicentrque
200 patients inclus

Mortalité J30, tolérance

Pas de difference significative

Adjusted Odds®

Outcome® C-T(n=100) CAZ-AVI(n=100) PValue OddsRatio(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 S 37 0314 1.34 (0.76 to 2.36) 1.13(0.52t0 2.48)
30-day mortality 27 23 0514 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 (9 to 44) 24 (14 to 40) 0.829
Duration of mechanical ventilation (days)’ 23 (7 to 45) 21 (8to 42) 0.874

Almangour, AAC, 2023




Monothérapie vs Association

A Pourquoi associer ?
I Synergie in vitro (vitesse de bactéricidie)
i Pr®vention do®mergence
I Antibiothérapie empirique appropriée
A Pourquoi ne pas associer ?
I Toxicité des antibiotiques
I Surinfection

I Coult

Traugott, Pharmacotherapy, 2011



Outcomes of Appropriate Empiric Combination versus Monotherapy
for Pseudomonas aeruginosa Bacteremia

A Etude rétrospective

. . 1.0 : ,
multicentrique
A . - v p=0.59 |
A 2002 & 2011 : 384 patients z
3 06 -
A Mortalité J30 : pas de = .
2 04F ‘o .
différence entre monothérapie | 3 [
VS combinaison "2r -
T . 0.0 ! : ' '
A Pas de bénéfice si PA R
SenSIbIe é. aU mOInS Un === Monotherapy ®="® Combination Therapy
antl b | Otl q ye FIG 1 Comparison of times to mortality.

Bowers, AAC, 2013



B-Lactam plus aminoglycoside or fluoroquinolone combination versus (3-lactam
monotherapy for Pseudomonas aeruginosa infections: A meta-analysis

A 1721 patients traités par BL versus BL + FQ/AG

Combination  Monotherapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Bacteraemia
Bliziotis 2011 B M g 14 9.6% 0.46[0.19,1.12] T
Kuikka 1998 11 41 6 21 7.7% 0.94[0.40,2.18 S
Leibovici 1997 16 77 20 85 17.3% 0.99[D55,177] —
Mendelson 1994 1 7 2 g 2.3% 0.36 [0.04, 2.94]
Micek 2005 13 59 14 892 10.6% 1.45[0.73, 2.86] 5
Subtotal (95% Cl) 215 232 47.5%  0.95[0.67, 1.34] »
Total events 47 50

Heterogeneity: Chi*= 4.86, df= 4 (P=0.30), F=18%
Testfor overall effect £= 032 (F=0.75)

1.1.2 Other infections or bacteraemia

Garnacho-Montero 2007 56 134 ] 25 8.8% 1.74 [0.84, 3.60] T
Kumar 2010 35 88 45 102 42.7% 0.81[0.57,1.14] -
Subtotal (95% Cl) 232 127 525% 0.98]0.72, 1.34] &
Total events 91 51

Heterogenelty: Chi*= 3.61, di= 1 (P = 0.06);, F=T72%
Test for overall effect Z=011 (P=0.92)

Total (95% CI) 447 359 100.0%  0.97[0.77, 1.22] &
Total evenis 138 101
Heterogeneity, Chi*= 8.44, df= 6 (P=0.21); P= 29%

Test for overall effect Z=030(P=0.77)

Test for subgroup differences: Chi*= 0.03, df=1 (P=0.87), = 0%

0.01 0.1 1 10 100
Against monotherapy Against combination

Vardakas, Int J Antimocrob Agents, 2013



04773 Results from the OVERCOME trial: colistin monotherapy versus

combination therapy for the treatment of pneumonia or bloodstream
Infection due to extensively drug resistant Gram-negative bacilli

OVERCOME : étude contrélée randomisée double aveugle versus placebo
Colistine seule (placebo) versus colistine + méropénéme

Traitement des pneumonies a BMR (ABRI, PA-RC, ERC)

425 patients, 21 centres, 7 pays

Pas de différence sur

I Mortalité (43% vs 37%, p = 0,21)

i Echec clinique (45% vs 38%, p = 0,18)

Colistin Colistin + Meropenem P value
N =214 N =211
Age* 68 (60 — 80) 68 (59 — 81) 0.62
Race 0.87
White 108 (50) 108 (51)
Asian 90 (42) 85 (40) 3
Other 16(7) 18 (9) _g
Female 83 (39) 76 (36) 0.56 a 044 i
Infection Type 0.85
Pneumonia 143 (67) 134 (64)
BSI 61 (29) 64 (30)
Combined 10(5) 13 (6) " : L %
ICU at infection onset | 149 (70) 144 (68) 0.76 ) Days of Follow-up
Study pathogen —_ _‘ [Treatment Arm Monotherapy - — — Combination Therapy
CR A. baumannii 165 (77) 163 (77) 0.97 e W |
XDR P. geruginosa | 23 (11) 20 (9) 066
CRE 35 (16) 36 (17) 0.80 Kaye et al, ECCMID, 2021




Molécules - Posologies

A Utiliser les bonnes

molécules
A Posologies élevées

A PK/PD

A Particularités des
malades de

réanimation

Maraolo, Exp Rev Anti-infec Ther, 2017

Table 3. Pharmacokinetic alterations in ICU patients.

Absorption (decreased)

Enteral
Increased gastric pH

Altered mesenteric perfusion, vasopressor therapy
Intestinal atrophy and reduced transport function

Bowel edema and dysmotility
Nutrient-drug interactions

Inhalation, topical, sublingual, intramuscular, and subcutaneously
Impaired cutaneous and mucosal perfusion

Use of vasopressors

Volume of distribution (Vd)
Increased Vd

Edematous states (cirrhosis, acute

hepatic failure, nephrotic syndrome,

right and left heart failure)
Aggressive fluid administration
Decreased protein concentration or

binding Acute renal failure

Decreased Vd
Fluid loss (vomiting, diarrhea, burns,
and blood loss)

Diuretics
Increased protein binding

Drug metabolism and biotransformation

Decreased

Impaired liver enzymatic activity (liver

dysfunction, hypotension, and
blood flow alterations)

Increased

Induction of the enzymatic activity
(e.q. benzodiazepine
carbamazepine, phenobarbital,
phenytoin, rifampicin)

Impaired function of drug transporters High intake of dietary protein

Elimination
Decreased renal drug clearance
Reduced glomerular filtration rate
Reduced proximal tubular drug
secretion (tubular injury)

Decreased hepatic drug clearance
Impaired biliary excretion

Increased renal drug clearance
Proinflammatory cytokines
Inotropic agents
Administration of intravenous
fluid



Modal it ®s doadmi

ALOut i | ipmmsotogiesklevees
ALO6admi ni s voiedntraveimeuse prolongée
ou continue apres dose de charge pour les

molécules suivantes :

i Pipéracilline-tazobactam
i Céfépime

I Ceftazidime

i Meéeropéneme

Maraolo, Exp Rev Anti-infec Ther, 2017 / HAS 2019



Molécules - Posologies

Antibiothérapie empirique

Antibiotigues

Ceftazidime 1-2g DC + 6 g/24 h PC
Ceftazidime-avibactam 2/0.5 g/8 h El
Pipéracilline-tazobactam 2/0.25 g DC + 16/2 g/24 h PC
Ceftolozane-tazobactam 1/0.5 or 2/1 g/8 h El

Méropeneme 1-2g DC + 2 g/8 h EI
Fosfomycine 2-4 g DC + 16-24 g/24 h PC
Colistine 6-9 MU DC + 4.5 MU/12 h
Ciprofloxacine 400 mg/8 h en 30-60 minutes

Amikacine 25 mg/kg/24 h en 60 minutes



Schéma de traitement

Criteres pour un sepsis sévere ou choc septique ?
Inoculum bactérien éleve ?
Immunodépression sévere ?

Risque de colonisation par P. aeruginosa MDR ?

N[O]\
OUl

. -y _y BL active contre PA:
BL active contre PA differente de celle utilisée méropénéme / PIP/TAZ /

dans les 90 jours précedents : Ceftazidime
CEF/TAZ > CZA > Méropéneme +
> PIP/TAZ ou Ceftazidime Amikacine ou ciprofloxacine

+ Monothérapie (IU / IKT
Amkacine ou colistine veineux)

Mensa et al, 2018, Rev Esp Quimoter



Recommandations PA-RC

ESCMID 2022 IDSA 2021

A Ceftolozane-tazobactam

A Données in vitro insuffisants A Ceftolozane-tazobactam
Infections pour : cefiderocol, imipénéme- A Imipénéme-relebactam
séveéres relebactam, CZA A CzA
A

A Anciennes molécules si Cefiderocol si UTI

efficacité in vitro

Ceftolozane-tazobactam
Imipéneme-relebactam
CZA

Dose unique AG si cystite

Infections non A Anciennes molécules si
séveres efficacité in vitro

T> > T>o T

Si infection sévere, utiliser en
association de 2 agents actif in

Association si  vitro : AG en association avec
nécessaire A Colistine nouvelles BL/IBL
A AG

A Fosfomycine

Paul et al, CMI, 2022 / Lawandi et al, CMI 2022






Antibiothérapie ?

A Carbapénémes (antibiotiques de choix)
A Ampicilline-sulbactam

A Colistine

A Tigécycline

A Rifampicine

A Aminosides



H Colistine H

A Garde une activité sur la majorité des
souches ABRI

AABRI parfois sensibl e

A In vitro : synergie entre la colistine et
doautres anti bi oti que



Colistine + méropeneme ?




Colistin alone versus colistin plus meropenem for treatment
of severe infections caused by carbapenem-resistant
Gram-negative bacteria: an open-label, randomised
controlled trial

A Etude controlée randomisée :

—— Colistin
— Colistin plus meropenem
+ Colistin censored

406 patients

A BaCtérlémleS, PAVM’ HAP, IU a 80 + Colistin plus meropenem censored
EPC g
T 60~
b
A Colistine vs colistine +
méropéneme (2 g x 3 /) E
A Evaluation J14 20
A Pneumonie + bactériémie : 87% o] LoTrnkPOee | | | , |
0 4 8 12 16 20 24 28
A A Bauman“ 77% Number at risk Time after randomisation (days)
Colistin 197 175 149 138 132 124 118 111
A PaS de dlﬁ;érence méme en cas Colistin-meropenem 207 174 153 144 136 127 118 116
déinfection s®v re °~ AB (p=0, 4)
A Plus dO6EI si association

Paul et al, Lancet Inf Dis, 2018
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Short Communication

Colistin-based treatment for extensively drug-resistant Acinetobacter
baumannii pneumonia™

@ CrossMark

Thana Khawcharoenporn®*, Nattapol Pruetpongpun?, Pimsiri Tiamsak?,
Sasinuch Rutchanawech?, Linda M. Mundy €, Anucha Apisarnthanarak?

2 Division of Infectious Diseases, Faculty of Medicine, Thammasat University, Pathumthani, Thailand

b Thammasat University, Pathumthani, Thailand
¢ GlaxoSmithKline, Collegeville, PA, USA
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Fig. 1. Kaplan-Meier survival analysis for death at 28 days after the onset of exten-
sively drug-resistant Acinetobacter baumannii pneumonia. Comparison between
treatment regimens by log-rank test: (i) CL+TC vs. CL+SB, P=0.30; (ii) CL+TC vs.
CL+CB, P=0.53; (iii) CL+5B vs. CL+CB, P=0.86; (iv) CL+TC vs. no active therapy,
P<0.001;(v)CL+SBvs.no active therapy, P<0.001; and(vi) CL + CBvs. noactive ther-
apy, P<0.001. CL, colistin; TC, tigecycline; 5B, high-dose sulbactam; CB, high-dose
prolonged-infusion carbapenem.

TC vs SB
p=0.3

TCvs CB
p=0.53

SB vs CB
p=0.86



Colistine + méropéneme

A IDSA = pas recommandée

A ESCMID = pas recommandée
iSi CMI m®rop®n me O 8

ddbassocli atir on en util




Colistine + fosfomycine ?




Preliminary Study of Colistin versus Colistin plus Fosfomycin for
Treatment of Carbapenem-Resistant Acinetobacter baumannii
Infections

A Essai clinique ouvert comparant colistine
versus colistine + fosfomycine (8 gr/))

A 94 patients
ATr ai t e mecarlta R@76% de PAVM)
A Réponse microbiologique favorable

Col + fosfo Col

83% 53%  p=0.004

Sirijatuphet, AAC 2014



Preliminary Study of Colistin versus Colistin plus Fosfomycin for
Treatment of Carbapenem-Resistant Acinetobacter baumannii
Infections

Col + fosfo Col
A Réponse favorable
I 24 heures 12% 66% (p=0.66)
i Fin 60% 55% (p=0.83)
A Mortalité a 28 jours
I Toutes causes 47% 57% (p=0.41)
I Dues ° | o012d% ect i on 28% (p=0.63)

Sirijatuphet, AAC 2014



Colistine + fosfomycine

A IDSA = pas de recommandations

A ESCMID = pas de recommandations




Colistine + rifampicine H

A Synergie in vitro
A Synergie pour le modéle murin

A Etudes cliniques montrant une meilleure
éradication microbiologique mais pas
dolI mpact sur | a mort

Lee, ACC, 2013 / Durante-Mangoni, CID, 2014 / Park, J Glob Antimicrob Resist 2019

-

C



Colistin vs. the combination of colistin and rifampicin for the
treatment of carbapenem-resistant Acinetobacter baumannii
ventilator-associated pneumonia

A Etude monocentrique
A 43 patients

Coli Coli + Rifa P
Réponse clinique (%) 40.9 52.4 0.65
Réponse microbiologique (%) 59.1 71.4 0.029
D®c s ~ | 6htpital (24 61.9 0.67
Mortalité / PAVM (%) 63.6 38.1 0.17

Aydemir H, Epidemiol Infection 2013



Colistin and rifampicin compared with colistin alone for the treatment of
serious infections due to extensively drug-resistant Acinetobacter
baumannii: a multicenter, randimzed clinical trial

Table 2. Efficacy Outcomes

A\ -
A Pas ddoi1 m P a Colistin + Rifampicin ~ Colistin Arm P
Qutcome Arm (n = 104) (n=105) Value
- /7
m O I’tal |te Primary outcome
30-d mortality
Yes 45 (43.3%) 45 (42 9%) .95°
No 59 (56.7 %) 60 (57.1%)
<7 Secondary outcomes
C"“S‘i"*R"fac”;l‘i’;::: Infection-related death at 30 d
27 Yes 22 (21.15%) 28 (26.6%) .29°
g No 231(22.1%) 17 (16.2%)
2 27 Acinetobacter baumannii eradication
z Yes 63 (60.6 %) 47 (44.8%) .034°
g° No 38 (36.5%) 54 (51.4%)
Median 41 (26-61) 44 (27-59) 96°
S S hospitalization
poreniese= 5 length, d (IQR)
) Development of 0 0
0 15 30 45 60 75 90 CO"STII‘]
. days resistance, %
104 66 38 20 13 6 3

Figure 3. Probability of discharge from hospital by treatment arm (Kaplan-Meier curve) Durante_Mangonl CID 2013 . 57 . 349



Colistine + rifampicine

A Eradication microbiologique mais pas de
reduction de la mortalité

A ESCMID = non recommandée

A IDSA = non recommandée



Tigécycline




Outcomes in patients infected with carbapenem-resistant
Acinetobacter baumannii and treated with tigecycline alone

or in combination therapy

A Etude rétrospective, 33 patients
A Age médian : 62 ans (18-87)
A Succeés clinique : 23 (69.7%)
A PAVM vs bactériémies (NS)

Succes
TG + aminosides 71%
TG + sulbactam 29%
TG seule 0%

Echec
58%
25%
17%

Guner, Infection 2011




Clinical outcomes of tigecycline alone or in combination
with other antimicrobial agents for the treatment of patients
with healthcare-associated multidrug-resistant
Acinetobacter baumannii infections

A 386 patients Ab-MDR
A 2 groupes
I TG : 266 patients
I 108 TG seule
I 158 TG + IMP ou PIP/TAZ ou C3G anti-pyo

I Non-TG : 120 patients

A A noter : moins de patients bactériémiques dans le
groupe non-TG (p<0.001)

Lee, Eur J Clin Microb Infect Dis 2013




Clinical outcomes of tigecycline alone or in combination
with other antimicrobial agents for the treatment of patients
with healthcare-associated multidrug-resistant
Acinetobacter baumannii infections

Table 3 Summary of treatments and outcomes among patients with MDRAB in the TG and non-TG treatment groups

Total (n=386)

Group

MNon-TG (n=120)

TG (n=266)

p-Value®

Treatment

Duration of antibiotic use” (days)
Switch to other antibiotics®

Death

No®

Death related to MDRAB infection®
Death not related to MDRAB infection®
Length of hospital stay” (days)
Length of ICU 5lay'h {days)
Microbiological and clinical outcomes
Microbiological eradication®
Favorable (cure or improvement) ©

Unfavorable (stationary or deterioration) ©

10.0 (7.0, 14.0)
178 (46.1 %)

211 (54.7 %)
142 (36.8 %)

33 (8.5 %)

40.0 (26.0, 62.0)
21.0 (10.0, 41.0)

17 (4.4 %)
244 (63.2 ")
142 (36.8 %)

12.0 (9.0, 18.5)
35(29.2 %)

64 (53.3 %)

46 (38.3 ")

10 (8.3 %)

37.5 (25.5, 62.0)
23.5 (10.0, 46.0)

14 (11.7 %)
60 (50.0 %)
60 (50.0 %)

8.0 (6.0, 13.0)
143 (53.8 %)

147 (55.3 %)

96 (36.1 %)

23 (8.6 %)

43.0 (26.0, 62.0)
20.0 (10.0, 40.0)

3(1.1 %)
184 (69.2 %)
82 (30.8 %)

<0.001
<0.001

0.930

0.526

0.338

<0.001
<0.001

Lee, Eur J Clin Microb Infect Dis 2013



Chuang et al. BMC Infectious Diseases 2014, 14:102
http://www .biomedcentral.com/1471-2334/14/102 BMC

Infectious Diseases

RESEARCH ARTICLE Open Access

Effectiveness of tigecycline-based versus
colistin- based therapy for treatment of
pneumonia caused by multidrug-resistant
Acinetobacter baumannii in a critical setting:
a matched cohort analysis

Yu-Chung Chuang'?, Chien-Yu Cheng®, Wang-Huei Sheng'’, Hsin-Yun Sun', Jann-Tay Wang',
Yee-Chun Chen'* and Shan-Chwen Chang'*

A Etude cas-témoin : 249 Ab-MDR

I 119 colistine + (IMP ou AG ou sulbactam)
I 175 TG + (IMP ou AG ou sulbactam)




Effectiveness of tigecycline-based versus
colistin- based therapy for treatment of
pneumonia caused by multidrug-resistant
Acinetobacter baumannii in a critical setting:
a matched cohort analysis

Table 4 Multiple variable analysis of risk differences for
in-hospital mortality among matched patients with
Acinetobacter baumannii pneumonia

Variable Adjusted risk p-value
differences % [95% Cl]
) Colistin vs. tigecycline -164 [-09 to — 31.8] 04
Propensity score —303 [-85.0 to — 24.3] 28
Age 0.3 [-007 to - 0.6] 11
Male ~118 [-295 to - 5.9] 19
Carbapenem combination —~208 [-45.8 to — 4.2] 10

A Surmortalité en fonction des CMI-TG
I CMI>2mg/l: p=0.01
iCMI O 2 mg/ | P

[
-
co



Tigécycline

A Moins bien que la colistine

A Bonne tolérance (profil rénal)

A Pas de monothérapie

A Se méfier des souches a CMI élevées

A Double dose ?



High dose tigecycline in critically ill patients with
severe infections due to multidrug-resistant
bacteria

AUne diff®rence signific:
gue pour le sous groupe des PAVM

Table 3 Logistic regression analysis of factors associated
with clinical cure in 63 patients with ventilator-associated

pneumonia

Variable Multivariate analysis
Odds ratio  95% CI  P-value

SOFA score at infection occurrence 0.66 051, 0.87 0.003

nitial inadequate treatment 0.18 0.05, 068 0.01

High-dose tigecycline group 6.25 1.59, 2457 0009

De Pascale, Crit Care 2014



Recommandations (ESCMID 2022)

A PAH/PAVM a ABRI : ampicilline/sulbactam
A Si résistance au sulbactam :

i Colistine

I Tigécycline forte dose

A Céfidérocol : pas recommandé




Recommandations (ESCMID 2022)

Associations ?

A NON =
I colistine + meropéneme
I colistine + rifampicine

A Patients sévéres : associations de 2 molécules
actives in vitro parmi : colistine, aminoside,
tigécycline, sulbactam

A Si CMI méropénéme < 8 mg/L, envisager une
association avec forte posologie en perfusion
continue (bonnes pratiques)




Guidelines

European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) guidelines for the treatment of infections caused by
multidrug-resistant Gram-negative bacilli (endorsed by European

society of intensive care medicine)

Table 2
Potential in vitro activity of antibiotics against target carbapenem-resistant Gram-negative bacteria and approved indications
CRAER  ESBLs  CRPA CRE CRE-KPC CRE-OXA-48  CRE-MBEL  Current clinical indications/approval
non-MBL non-CP
MNew antibiotics
Ceftolozane-tazobactam No Yes Yes No No No No FDA and EMA approved for dJTI, clAL HAP and VAP
Ceftazidime-avibactam No Yes Yes = Yes Yes No FDA and EMA approved for dAl and dUTI, HAP and
VAP, and (in EMA only) for the treatment Gram-
negative infections in patients with limited
treatment options
Merope nem-vaborbacam No Yes No +/ Yes No No FDA approved for cUTL EMA approved for cUTL HAP
and VAP, and for the treatment Gram-negative
infections in patients with limited treatment
options
Imipenem-cilastating No Yes Yes = Yes No No FDA approved for dJTI and dAl;
relebactam EMA approved for HAP and VAP and for BSI with a
suspected respiratory source, and for the treatment
Gram-negative infedions in patients with limited
treatment options
Plazomidn No Yes +/ Yes Yes Yes ~f FDA approval cUTL EMA application withdrawn
Eravacydine Yes Yes No Yes Yes Yes Yes FDA and EMA approved for dal
Cefiderocol Yies Yes Yis Yies Yis Y Yies FDA dJTI, HAP and VAP; EMA for the treatment of
infections due to acrobic Gram-negative organisms
in adults with limited treatment options
Old antibio tics
Polymyxins Yes Yes Yes Yes Yes Yes Yes FDA: serious infections caused by susceptible
strains, when less potentially toxic drugs are
ineffective or contraindicated. EMA: treatment of
serious infections due to aerobic Gram-negative
pathogens in patients with limited treatment
options
Aminoglymsides ~f + +/ =/ +/ +/ ~f EMA and FDA: for the treatment of a variety of
bacterial infections
Fosformycin iv No Yes +f = +f +f =/ EMA: to treat serious infections when other
antibiotic treatments are not suitable, FOA: under
review
Aztreonam Mo Mo +/ Mo No No - EMA and FDA: for the treatment of infections
caused by susceptible Gram-negative
microorganisms
Tigecycline Yes Yes No Yes Yes Yes Yes EMA and FDA: complicated S5T1 and 1AL (FDA also
CAP)
Temoxllin No Yes No No +/ No No EMA and FDA: orphan drug status for the treatment

of infections caused by Burkholderia cepadam
patients with cystic fibrosis
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Conclusion

Difficultés diagnostiques
CMI pour toutes les molécules
Détection des genes de résistance
Mécanisme de résistance EPC

Difficultés thérapeutiques
Carbapénemes si CMI < 8 mg/L
Associations si gravité
Fortes doses
EPC : Choix individuel, traitement a
la carte :

A KPC : CAZ/AVI
A Oxa-48 : CAZ/AVI
A NDM : aztréonam / AVI

Patient's features:
age, renal function, neutropenia,
underlying conditions...

Bacteria:

susceptibility (MIC),
resistance mechanisms?

N
Source of infection

Inflammatory response
(severe sepsis/shock)

= )l
Drug(s), dose




