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A successful beginning of a pretty big failure

Misunderstanding the Disease…



Conceptual evolution of the Immuno-
Inflammatory Responses in Sepsis

1992 – Roger Bone and team



Cytokine release during lethal
bacteremia in baboons

0 1 2 3 4 5 6 7 8
0

5

10

15

20

25

TNF IL-6 IL-10 IL-12IL-1

hours

ng
/m

l
General Schematic of Cytokine Release after 
lethal LPS/E.coli Bolus in Animals/Humans

Yamamoto et al. Eur J Pharmacol. 1997; 327:169-74. Rabbits/LPS

Hishaw et al. Circ Shock. 1990; 30(3):279-92.Baboons/E.coli

Hishaw et al. J Trauma. 1992 Oct;33(4):568-73.Baboons/S.aureus
van der Poll T et al. J Immunol 1997;158:1490. Humans/LPS
van der Poll T et al. Blood 1997;89:3727-3734Humans/LPS

Beutler et al. Science 1985 Aug 30;229:869-71mouse/LPS
Goto et al. 1991 Circ Shock. 35(1):60-4. rat/LPS

Tracey et al. Nature 1987,330(6149):662-4Baboons/E.coli

Krausz et al. J. Clin. Invest. 1981 Apr;67(4):1118-25dog/LPS



patients killed
by the treatment

control

High(er) doses

The Spectacularly Lethal Failure –
The Soluble TNF Receptor Sepsis Study Group.

Fisher et al. N Engl J Med. 1996, 334(26):1697-702. 



J Immunol May 1, 1992, 148 (9) 2724-2730



1997 – Bone et al.

= TNFα, IL-1,-6,-12 present in the blood

= IL-1ra, 4,-10,-13, TGFβ in the blood

= both pro- & anti- inflammatory



Animal Models of sepsis: setting the stage
Jon A. Buras, Bernhard Holzmann & Michail Sitkovsky 
2005 Nature Reviews Drug Discovery 4, 854-865

Bimodal SIRS-to-CARS Transition in Sepsis
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TNFα, IL-1,-6,-12 present in the blood = SIRS
IL-1ra, 4,-10,-13, TGFβ present in the blood = CARS

Diagnostic Criteria:

Too Simplistic to be Realistic!

“Sepsis Always in MARS”

Osuchowski et al. J Immunol. 2006

Simultaneous (MARS-like) response: 
a central feature of

humoral inflammation in sepsis  



Identical Patterns in Septic Patients



2010-12



NEJM 2003





Day 5-28 mortality=110 of 192 total

Day 5-28 mortality=115 of 180 total

Bernard et al., 2001. NEJM., 344: 699-709.

Abraham et al., 2001. Crit Care Med. 29:503-10. 

Chronic/Late Phase Sepsis – Clinical Reality

Majority of Septic Patients 
Die in the Chronic Phase of the Disease  

IS the Majority of Those Who Die 
in Chronic Sepsis “Immunoparalyzed”?
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Be Aware! It is not BLACK & WHITE



RESPONSE RESPONSE

Effect/Product(Typically) Only One (!) Compartment 
Drives the Treatment Decisions



Macrophages: 
TNFα Response Depends on the Body Compartment

Irshad Chaudry‘s lab

Irshad Chaudry



Different ways to reduce heterogeneity by focusing on:

• Infectious source (e.g. abdominal vs. pneumonia)

• Sepsis severity/risk of death (high vs. low)

• Immuno-inflammatory status (i.e. robust response vs. immunosuppression)

• Presence/absence of specific comorbidities (e.g. diabetes, cancer)

• Type of infecting microorganism (e.g., G-pos. vs. G-neg. vs. fungus)



Opal et al., 1999 CCM.26; 8:38.

Gram (+)

Gram (-)

Focusing on Pathogens: Types Define Outcome?

PAF: platellet activating factor Anti-TNF treatments



Feezor et al., 2003 Infect Immun. .71: 5803-13.

Diverse reactions in patients with G+ vs. G- sepsis 

Bjerre et al., 2004 Crit Care Med. 32: 433-8 



Sham group: 
Gram-positive group:
Gram-negative group: 

- NaCl 0.9%
- S.pyogenes (~ 2.5x108 cfu / kg BW in 200ml saline/h)
- E.coli (~ 0.2x108 cfu / kg BW in 200ml saline/h) 

Baboon Study: checking genetic diversity

male, adult 
papio ursinus

bacteria monitoring

t = -1    0           1           2            3           4             5           6

instrumentation
organ harvest 

hours post infusion



Gram -Gram +

Baboon liver
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Focusing on Comorbidities: 
Impact on Immuno-Inflammatory Endpoints?



WT (n=28)
AKITA (n=8)

p=0.01

WT-Survived (alive within days 1-5)

WT-Died (dead by day 5)

Diabetes - AKITA (dead by day 5)

Untreated Type 1 Diabetes and Early Cytokine Response
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PRO-inflammatory block: ANTI-inflammatory block
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Few Words about: 
Phenotyping/Personalizing Trials



Fink MP., Virulence 2014

Out of 69 Anti-sepsis Ph2/3 Human Trials listed…

2 used advanced (IL-6-based) treatment targeting



IL-6 – based Risk-Stratification for Sepsis Treatment

Osuchowski et al. Crit Care Med. 2009

Preclinical: corticosteroids (dexamethasone) in stratified septic mice

Clinical: anti-TNF (afelimomab) in severly septic patients

Panacek et al. Crit Care Med. 2004

All mice IL-6 > 26 ng/ml IL-6 < 26 ng/ml

All patients IL-6 > 1 ng/ml IL-6 < 1 ng/ml



Acute/Chronic Sepsis1,2

CLP

6h 24h 48h 72h 96h 28day

Cohort -Targeted
Approaches

IL-6
Response

CLP

and on...

2 Weixelbaumer et al., 2010: Shock
1 Weixelbaumer /Craciun et al., 2009: Shock

3 Osuchowski et al., 2009: Crit Care Med
4 Raeven et al., 2013: PLOS ONE

6 Osuchowski et al., 2012: J Immunol
5 Raeven et al., 2012: Thrombosis Res & Critical Care

• Inflammation (dexameth.)3

• Coagulation (PAI-1)4,5

• Sepsis: Always in MARS6

• Anything else you can think of…

in:

Reducing Heterogeneity by Predicting Outcome

A perfect niche for animal studies
to aid in clinical trial design!



Reducing Heterogeneity by Predicting Outcome

4 sepsis phenotypes identified: α, β, γ, δ. 



Higher Circulating IL-6 Correlates with Higher Mortality



What has been changing in Trials??

Blocking
(Hyperinflammation)

Boosting
(“Immunosuppression”)

All Patients All & Selected Patients

Classical RCT Adaptive RCT



The first biomarker-based immuno-stimulatory trial (2009) 

confirming patients are really suppressed

before treatment is given

Treatment restored monocytic immunocompetence
& improved clinical endpoints (ventilation-free days, APACHE II)



Biomarker-guided Treatment Sepsis Trials



Crit Care Med. 2019



Restoration of HLA-DR on Monocytes;
Increase of absolute LYM counts;

No „Cytokine Storm“



Double-hit Sepsis Model
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A PERSONALIZED RANDOMIZED TRIAL OF 
VALIDATION AND RESTORATION OF 
IMMUNE DYSFUNCTION IN SEVERE

INFECTIONS AND SEPSIS 
THE PROVIDE STUDY: DECEMBER 2017-

EudraCT number 2017-002171-26
ClinicalTrials.gov NCT03332225

PATIENT TO BE ENROLLED

MACROPHAGE-ACTIVATION
LIKE SYNDROME HYPOINFLAMMATION

Anakinra iv rhIFNγ sc

Identification/allocation based on:
↑Circulating ferritin & ↓HLA-DR expression (on CD14 monocytes)



treatments based on high-quality RCTs

unclear/speculative treatments



THE SAVE-MORE, PIVOTAL RCT
(Kyriazopoulou E, et al. Nature Medicine 2021; 27: 1752)

Inclusion criteria
• Age ≥18 years, both genders, ICF 
• Confirmed SARS-CoV-2 infection
• LRTI: positive chest-X-ray or CT
• Plasma suPAR ≥6ng/ml

CT: computed tomography
ICF: written informed consent form
LRTI: lower respiratory tract infection
SOC: standard-of-care
suPAR: soluble urokinase Plasminogen Activator Receptor

Placebo + Standard of Care (SoC)

Day 1 (enrolment) 
Safety lab
Biomarkers
Viral load

Day 4  
Safety lab
Biomarkers
Viral load

Day 7 
Safety lab
Biomarkers
Viral load

Day 10 (End of 
treatment)

Day 28 
(Primary 
endpoint)

Anakinra 100mg subcutaneously/day + SoC

PRIMARY ENDPOINT
11-point WHO ordinal scale



Sepsis therapies: learning from 30 years of failure 
of translational research to propose new… leads

EMBO Mol Med, Volume: 12, Issue: 4, First published: 16 March 2020, DOI: 
(10.15252/emmm.201810128) 



3 clusters identified

4 endotypes identified



Sepsis therapies: learning from 30 years of failure 
of translational research to propose new… leads

EMBO Mol Med, Volume: 12, Issue: 4, First published: 16 March 2020, DOI: 
(10.15252/emmm.201810128) 



Human Genome Project

17 Feb 2001

18 Feb 2001

- Successful completion announced on April 14, 2003
- initial analysis of the human genome sequence published in February 2001



ALL: acute lymphoblastic leukemia; DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; 

20 Years Later…



Treating Sepsis:
A very narrow road into the Unknown…

30 Years Later…
No specific
anti-septic
therapies



Thanks 

ThanksThanks

Thanks 



AUVA









Figure 2. Therapeutic M      
COVID-19 Based on Dise  



Safety and Efficacy of Polymyxin B Hemoperfusion (PMX) 
for Septic Shock (EUPHRATES) – started 2010

(removal of endotoxin from circulation)
ClinicalTrials.gov Identifier:

NCT01046669
Sponsor:

Spectral Diagnostics (US) Inc. 

Inclusion Criteria:
Hypotension requiring vasopressor support
The subject must have received intravenous fluid resuscitation
Documented or suspected infection
Endotoxin Activity Assay ≥ 0.60 EAA units
Evidence of at least 1 new onset organ dysfunction



Safety and Efficacy of Polymyxin B Hemoperfusion (PMX) 
for Septic Shock (EUPHRATES) – started 2010

(removal of endotoxin from circulation)
ClinicalTrials.gov Identifier:

NCT01046669
Sponsor:

Spectral Diagnostics (US) Inc. 

Inclusion Criteria:
Hypotension requiring vasopressor support
The subject must have received intravenous fluid resuscitation
Documented or suspected infection
Endotoxin Activity Assay ≥ 0.60 EAA units
Evidence of at least 1 new onset organ dysfunction





Are mice really so bad?! Should we just quit it?!? AUVA

Table 1. Selected mouse-to-human translantional examples (26 listed)
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