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préambule



2017

2020 (jan) Globally, sepsis accounts for 11 million deaths / year (Rudd et al. Lancet)  

“By comparison, the World Health Organisation estimated
that there were 9.6 million deaths from cancer in 2018”.

2021 
2,5 million deaths / year (by march 2023)

- leading cause of death in ICU
- 28-day mortality: sepsis = 20 %, septic shock = 40 %

2023 

More than ever: septic syndromes still a serious a public health concern 



Singer et al., JAMA 2016

2016

Sepsis
Life threatening organ dysnfunction caused by

a dysregulated host response to infection
(i.e, one infection + one organ failure)

Septic shock
Sepsis + vasopressor therapy needed

(i.e., cardiovascular failure) + Lactate > 2mmol/L



Sepsis timeline



Sepsis timeline

IMMUNOMODULATION ?





Dès la fin 2020
> 300 essais cliniques enregistrés evaluant des traitements 
immunomodulateurs
> 90 traitements différents
> 47 essais cliniques évaluant des traitements ciblant l’IL-6

Snow, Singer & Arulkumaran 2020

Same mistakes, same consequences = COVID-19 (as a missed opportunity)

No stratified studies on inflammation markers



Back to definitions and pathophysiology



Onset: germ(s) + site of infection + local inflammation

Amplification ?
Lack of modulation ?

Bacterial – viral load ?

Pathophysiology :
uncontrolled inflammatory

response

organ

systemic

Pathophysiology - Inflammation is a balancing act: neither too much nor too little is desirable



Decreased arterial pressure
Shock

Multiple organ failure

Uncontrolled
Inflammatory

response

Old paradigm for sepsis pathophysiology



Decreased arterial pressure
Shock

Multiple organ failure

Management of septic patients



Decreased arterial pressure / Shock
Multiple organ failure

Uncontrolled
Inflammatory

response

Adjunctive therapy

Management of septic patients



Zeni et al, Crit Care Med, 1997
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Failure of clinical trials testing anti-inflammatory therapies



Ranieri et al. 2012 Opal et al. 2013 

40 years of failure in anti-inflammatory therapies



2 primary reasons to elucidate the failure of immunomodulation in sepsis



Claude Bernard (1813 – 1878)

First cause for the failure of anti-inflammatory strategy 
=> Neglecting the Principle of Homeostasis

« Only homeostasis
matters »

Adated from Medzhitov et al., Science 2012



Hotchkiss, Monneret & Payen, 2013

Pro- / anti-inflammatory balance in septic shock



Adated from Hotchkiss et al., 2009

From exacerbated inflammation to immunosuppression in severely injured patients
(a simplified view of resulting forces)



Venet & Monneret, 2018



Venet & Monneret, 2018



Increased secondary / nosocomial infections after sepsis   



Adated from Hotchkiss et al., 2009

From exacerbated inflammation to immunosuppression in severely injured patients
(a simplified view of resulting forces)

Hospital arrival



Second cause for the failure of anti-inflammatory strategy 
=> « one size fits all (sepsis) » approach



Timing of
ICU admission



Stanski & Wong, Nature Rev Nephrol 2020

Biomarkers needed for precision medicine / individualized therapy





1. Inflammatory step of sepsis

Individualized immunotherapy in sepsis



Meyer NL et al., CCM 2017

This Approach Yields Results: Post-hoc Analysis (IL1-RA)

Hyper-inflammatory

Low-inflammatory



This Approach Yields Results: Post-hoc Analysis (IL-6)



The « hyper-inflammatory » phenotype (latent class analysis – Calfee’s group) 

These phenotypes, termed “Hyperinflammatory” and “Hypoinflammatory” based on patterns of inflammatory plasma cytokines 
have widely divergent clinical features, including significantly different clinical outcomes, and respond differently to therapies 
including mechanical ventilation, fluid therapy, simvastatin, and corticosteroids

p = 0,027

Sinha P et al., AJRCCM 2021



2012

Sinha et al., Aug 2023

The « hyper-inflammatory » phenotype
(latent class analysis – Calfee’s group) 



34

Kyriazopoulou Nat Med 2021

Phase 3 clinical trial

Inclusion criteria :
Hospitalized patients with COVID-19 
at risk of progressing to respiratory failure
Plasma suPAR ≥6 ng/mL

Multicentric international (Greece/Italy) :
=> Anakinra vs placebo

n = 594 patients

50.4%

26.5%

Recovery, PCR-



2. Sepsis-induced immunosuppression

Individualized immunotherapy in sepsis



ADAPTATIF / PHYSIOLOGIQUE MALADAPTATIF / PATHOLOGIQUE 

2013



Sepsis mortality overtime

Brady et al., 2020
Delano and ward, J Clin Invest 2016, Shankar-Hari and Rubenfeld, Curr Infect Dis Resp 2016,

Kennelly and martin-Loevhes, Ann Transl Med 2016, Kaur and Levy, Ann Transl Med 2016,
Prescott et al., BMJ 2016, Sun et al., CCM 2016, Pavon et al., CCM 2014,  Wabng et al BMJ 2014

2 years mortality  : + 20 % / infection = first cause
Sepsis survivors : 60 % 1-year rehospitalisation

First cause : sepsis or significant unresolved infection



Principles of adjuvant immunotherapy in sepsis



Anti-PD-1

IL-7

Immunotherapy in sepsis = current candidates

IFN-γ

+ > 30 articles preclinical results (experimental)
+ > 20 articles preclinical results (ex vivo patients)
+ > 50 clinical cases or series (either drug)

RCT



Awaiting news from large RCT => rescue therapy in the most immunosuppressed patients 



Peri-stomial ulcerations => diagnosis of mucormycosis (infection by Rhizopus microsporus)

Antifungal treatment with:
- I.V. Ambisome
- p.o. posaconazole
- local instillation fluconazole

Women, 61 yo, 43% TBSA deep burns

Tawik et al., 2022 Surgical resection with carcinologic margins 
standard treatment



ED –

Culture –

Pan-fungal PCR –

Mucorales PCR –

After IMUKIN => Surgery (day 40)

4 months later

Tawik et al., 2022



The patient was admitted (day 0) to a general hospital intensive care unit (ICU) for shock
associated with streptococcal necrotising fasciitis of the left chest wall, which was secondary to
a minor thoracic trauma 2 days before.

At day 9, transferred to our ICU for hyperbaric oxygenotherapy + surgery
mucormycosis was diagnosed

Previously healthy 38-year-old female

Lukaszewicz et al., 2022



Immumonitoring showed severe lymphopenia and very low mHLA-DR expression
=> severe immunosuppression
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Immumonitoring showed severe lymphopenia and very low mHLA-DR expression
=> severe immunosuppression
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4 months later 

5.5 months later

Lukaszewicz et al., 2022



Lukaszewicz et al., 2021



Monneret et al., 2020



2022



Assemblée nationale, F, 6 janvier 2022



CONCLUSION



Biomarqueurs



CRP / PCT
IL-6
IL-18
Ferritine
suPAR
S100
Nucleosome
….

mHLA-DR
CD4
MDSC
PD-1
….

Patients’ characteristics

Age, sex, comorbidities,
SAPS II, SOFA,

Type of germ, bacterial load, 
organ, virulence factors…

?



The demonstration of the effectiveness of this approach is still pending

We urgently need prospective randomized trials guided by biomarkers



Thanks for your attention

Pr Anne-Claire Lukaszewicz
Head of Anesthesia and Critical Care Medicine Department
Hôpital E. Herriot, Lyon, F
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