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What for ?




Optimized antimicrobial therapy to solve the problem ?

A multifaceted strategy to optimize pharmacokinetics of antimicrobial Pre-intervention  Intervention

therapy in patients with hospital-acquired infections—a monocentre group group p
quality improvement project N=58 N=140 values
Lagarde et G/ JAC 2023 Continuous intravenous Not recorded 30 (21.4%) /
: infusion, N (%)
Therapeutic drug 12 (20.3%) 83 (58.6%) <0.0001

monitoring, N (%)
Target achievement, N (%)

Meet the targets 6 (50%) 40 (48.2%) 0.51
Under-dosage® 3 (25%) 14 (16.9%) 0.49
Overdose® 2 (16.7%) 28 (33.7%) 0.23
Dose adaptation of 3 (5.2%) 17 (12.2%) 0.13
antimicrobial therapy,
N (%)
Increase of the daily 1 (1.7%) 5 (3.6%) 0.49
dose
Decrease of the daily 2 (3.5%) 12 (8.6%) 0.20
dose
De-escalation of the 3 (25%) 20 (24.1%) 0.94

spectrum after bacterial
identification, N (%)

Pre-intervention group Intervention group Adjusted hazard
N=58 N=140 ratio (95%CI)
Secondary outcomes P values
Treatment failure, N (%) 22 (37.9) 36 (25.7) 0.07
Relapse 11 (18.9) 18 (12.8) 0.28
Recurrence 11 (18.9) 18 (12.8) 0.21
Duration of invasive mechanical ventilation, days, mean (SD) 21 (29) 15 (16) 0.15°

ICU length of stay, days, mean (SD) 32 (35) 25 (22) 0.39°




Treatment failure : a worldwide matter

VARIABLE SELECTION PATHOPHYSIOLOGICAL MODEL VALIDATION
MECHANISMS on independent
cohort

PNEUMOCARE MARS ENIRRI ATLANREA IBIS VITAL

France Netherlands International France France International
n=1856 n=1351 n=1062 n=823 n=533 n=726

ICU HAP patients ICU HAP patients ICU HAP patients ICU HAP patients
n=511 n=1351 n=900 n=401

Missing data management (removal and imputation)

ICU HAP/VAT patients
n=280

ATLANREA-matched\
cluster phenotypes
n=187

N

For microbiome and\ For microbiome and

W

For cluster and For cluster and For cluster and For cluster and For cluster and

cytokine analyses cytokine analyses
model-based model-based model-based model-based on cluster phenotypes|| on model-based model-based
phenotypes phenotypes phenotypes phenotypes phenotypes phenotypes
n=490 n=1341 n=768 n=348 n=105 n=60 n=490
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Treatment failure : a worldwide matter

PNEUMOCARE
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An incomplete understanding of the pathophysiology ?

Ceftazidime-avibactam versus meropenem in nosocomial
pneumonia, including ventilator-associated pneumonia

(REPROVE): a randomised, double-blind, phase 3
non-inferiority trial

Torres et al. Lancet Infect Dis

Patients witi clinical cure tclinically evaluable population)

Patients wit
(extended m

P|favourable microbiological response* |

Ceftazidime-
avibactam (n=257) (n=270)

Meropenem

% difference (95% Cl) Ceftazidime-
avibactam (n=125) (n=131)

Meropenem

% difference (95% Cl)

Enterobacteriaceae
Klebsiella pneumoniae
Enterobacter cloacae
Escherichia coli
Proteus mirabilis
Serratia marcescens

Enterobacter aerogenes

Pseudomonas aeruginosa
Haemophilus influenzae
Gram-positive aerobes

Staphylococcus aureus

31/37 (83-8%)
20/21 (95-2%)

4/6 (66:7%)

Gram-negative pathogens other than Enterobacteriaceae

2714

10/11 (90-9%

11/14

(64-3%)

(78-6%)

39/49 (79-6%)

7/11(63-6%)

14/18 (77-8%)

2/5(40-0%

4-2 (-13-49 to 20-50)
316 (479 to 61:30)
5.1 (-39-26 t0 25-79)

167 (-4558019-48)

29/37 (78-4%)
18/21 (85:7%)
10/11(90-9%

39/49 (79-6%)
7/11 (63-6%)
16/18 (88-9%)

267(-31:92t07073)  5/6(83:3%)

27134 (77-1%) | 1284322540801 18/42| (42-9%)
11/13 (84-6%)  6-3(-26-19t036-09)  11/11 (100-0%
5/14 (35:7%)

14/35|(40-0%)

12/13 (92:3%)

17122 (77-3%)

-1-2 (<19-60to0 15-96)
221 (-8-07to 53-69)
20 (-29-11t0 26-44)
6-8 (-30-73 to 46:51)
12.5 (-27-47 to 51-82)
23-3 (3130 t0 68-33)

29 (-19-13 t0 24-32)
77 (-20-08 to 34-00)

~41-6 (-67-04 t0 -8-36)




Dysbiosis, a refined concept of mucosal infection physiopathology

B Functional microbiota Altered microbiota

Stimulatory‘\‘

cytokines Critical illness-related
- immunosuppression
Host factors
(Immunity, diet, metabolism)

Symbiosis Dysbiosis

Roquilly et al. Lancet respir Med 2019




Respiratory microbiome and pneumonia




Respiratory microbiome alterations in ICU patients
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Respiratory microbiome alterations associated with HAP

T o Critically ill pattients with HAP

O Critically ill patients wihtout HAP

Differentially abundant features
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Human readable sighature
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Effects of a single commensal bacterial taxa as a proof of concept

Live S. mitis + E. Coli
vs dead (HK or UV) pneumonia
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How does it work ?
Bacteria-bacteria interactions

Ec genes
Differential expression SmEc vs Ec
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How does it work ?
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Metabolic activity of S. mitis is key
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Proposed innovative therapeutical solution

Commensal-derived
molecules

Associated with metabolites
Lactate acid
+ other (??)

Probiotic cocktail (dead ?) %’f

Streptococcus mitis \ Respiratory nl1icrobiota
transplant

+ other (??) .

Roquilly et al. Lancet respir Med 2019



Microbiome enrichment to boost immunity

Proof of concept in humans
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Microbiome failure
Proof of concept in humans

Current evidence on hospital antimicrobial stewardship Studyorsubgrop  Experimental  Control Weight Odds ratio (95% Q1)
objectives: a systematic review and meta-analysis Events Total  Events Total
Emelie C Schuts, Marlies E J L Hulscher, Johan W Mouton, Cees M Verduin, James W T Cohen Stuart, Hans W P M Overdiek, Paul D van der Linden, Arnold et al (2009) 82 75 m 660 55% 041(030-055)
Stephanie Natsch, Cees M P M Hertogh, Tom FW Wolfs, Jeroen A Schouten, Bart Jan Kullberg, Jan M Prins Asack et al (2013) 231 2506 90 697 S7% —e— 068(053-089)
Baudel et al (2009) 4 73 4 9 11% 007 (001-0-38)
Blasi et al (2008) 107 1092 234 175§ 5-8% e 071(055-090)
Dambeava etal (2000) 20 531 13 m 34% ———— 030(014-061)
Dean et al (2006) 0 0 0 0 Not estimable
Diaz et al (2003) 2 196 12 245 33% - e 233(112-486)
Ewig et al (2000) 10 170 5 62 21% —_—— 071(023-217)
Ferrer et al (2010) 59 160 49 116 45% ey 080 (0-49-1.30)
Frei et al (2006) 6 53 6 25 18% ——— 040(012-1-41)
Frei etal (2010) 11 357 19 274 32% e 043(020-09)
Galayduyketal (2008) 30 381 12 50 33% P 027(013-057)
Garcla etal (2007) 49 96 40 69 38% e 076 (041-1.41)
Grenier et al (2011) 8 1557 109 1097 56% e 053(039-071)
Horn etal (2007) 57 262 13 99 37% 184 (096-353)
Huijts etal (2013) 0 947 0 89 Not estimable
Huvent-Grelle et al (2004) 17 64 1 48 28% e 122 (051-291)
Kett ctal (2012) 84 129 137 174 44% —_—— 050(030-084)
Malone et al (2001) 0 79 0 51 Not estimable
Mareas et l (1998) 24 201 7 51 27% S S— 085(035-211)
aida o PrOT
Total (95% Cl) 13228 8717  100-0% & 0-65 (0-54-0-80)
Total events 1163 1075
I 1 | |
0-005 01 1 10 200
TR | .2 L2 .
Heterogeneity: T'=0-15; x'=83.52, df=29 (p<0-00001); I'=65% Favours experimental Favours control
Test for overall effect: Z=4-27 (p<0-0001)

Wilke et al (2011) 10 44 7 5 21% e 130(044-3 !4)

Total (95% Q) 13228 8717 100.0% L 2 0-65 (054-0-80)
Total events 1163 1075
T T T T
0005 01 1 10 200
. - ——
Heterogeneity: U'+015; x'=8352, df =29 (p<0.00001) F+65% Favours experimental Favours control

Test for overall effect: Z«4-27 (p<0-0001)




One fits all ?
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o
In vivo investigation W

of host-microbiome
interactions

o

4

Phenotypes
Endotypes

Pneumonia  —===--=-m-----mmmsms s mmmmm e >



Hospital-acquired pneumonia heterogeneity
Temporo-spatial modelisation of host-microbiome interactions
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Hospital-acquired pneumonia heterogeneity
Metabolomic for HAP prediction

! HAP rate per cluster ARDS rate per cluster
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Hospital-acquired pneumonia heterogeneity
External validation
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Hospital-acquired pneumonia heterogeneity
In silico simulation to predict response to treatment

Mean duration
mechanical ventilation

Placebo/IFNG Hazard Ratio P-values
16.9/18.9 e 0.92 0.75
16.8/15.1 —a— 1.02 0.94
18.5/14.2 —a— 1.18 0.49
19.2/12.3 = 1.97 0.01

N patients
Dataset Placebo/IFNG
1 'ﬂl ﬁ”“ ! F}'“ !H(ITIYOW 70% Low risk 46/54
g Tyl

- OO o righ i
Varying the frequency of the LU =oreness 62
risk phenotype in simulation rir] ] TOT]TIT]TTTTTIW 70% High risk 3846
[‘UTJ]T(M] l I(P 90% High Risk 31/35
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The interact project - Outcomes

o Mission: to better understand the regulation of a vital CHECKPOINT for mucosal inflammation regulation.
o Vision: revolutionising severe pneumonia treatment

= New therapeutical targets / potential drug intervention (i, valorisation/start-up)

— Biomarkers for personalised, non-antimicrobial treatment

= Multicenter randomized clinical trials for validation (roquilly et al. JAMA 2021, 2023, BMJ 2021)

. . . o e e Good outcome b
Pathophysiological role of respiratory dysbiosis in w > @ Excessive a,,,,m,c,ob,a.’{he,apy
hospital-acquired pneumonia

P q P E ] f\ Low risk Identical
i . e Antibiothera
Roquilly et al. Lancet Respir Med 2019 e w (\_:?/J High risk Py
[ )
Pneumonia > ® 30% of;;e::z:a: failure
@
Minimization of
— P antimicrobial therapy e
Low risk
2
a . J Biomarkers based on microbiome functions
E w (precision medicine approach)
High risk
Pneumonia [ ] Lung bacteria consortium

EE—— probiotics — >
or bacterial-derived products




Severe Hospital acquired pneumonia and precision medicine
Toward SHAPe platform trial

Inclusion criteria : Severe Hospital-acquired Pneumonia

Metabolite-risk classification /
immuno-risk classification for study arm eligibility

%@N

Optimal antimilcrobial therapy
%\/ Aero-SHAPe \\/A
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Primary outcome : clinical cure and ACM day 28
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