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Organversagen in der Sepsis -
sind wir weitergekommen?
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Letalitit (%)

Sepsis und Organdysfunktion — Kein Fortschritt in den letzten 100 Jahren?
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Letalitat von schwerer Sepsis und
septischem Schock—Entwicklung
der letzten hundert Jahre. Das
Diagramm schildert die Letalitat
klinischer Sepsisstudien seit der
Erstpublikation einer Serie mit
gramnegativer Sepsis 1909. Die
wesentlichen, bis 1999
durchgefiihrten placebo-
kontrollierten Studien mit
Substanzen zur Blockade der
UberschieBenden Inflam-
mationsreaktion sind mit offenen
und geschlossenen Kreisen
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Sepsis und Organdysfunktion — Kein Fortschritt in den letzten 100 Jahren?
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Sobrino J and Shafi S (2013) Timing and causes of death after injuries. Proc
(Bayl Univ Med Cent) 26: 120-3.  doi: 10.1080/08998280.2013.11928934
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Sepsis und Organdysfunktion — Kein Fortschritt in den letzten 100 Jahren?

Historical trends combating mortality of U.S. soldiers

Killed in action Died of Wounds
Mexican War (1846-1848) 15.0 %
American War (1861-1864) 14.0 %
Spanish-American War (1898) 7.0 %
World War | (1914-18) excluding gas 19.6 % 8.1 %
World War Il (European campaign, 1945) 19.8 % 3.0 %
Korean War (1953) 19.5 % 2.4 %
Vietham War (1965 — 1975) 20.2 % 3.5 %

Donald D. Trunkey: The Development of Trauma systems, Chapter 1, The Bellamy RF, Maningas PA, Vayer SJ (1986) Epidemiology of trauma: military experience.
Development of Trauma Systems, Anesthesia key, abgerufen am 7.4.2025;  Ann Emerg Med. 15: 1384-8. doi: 10.1016/s0196-0644(86)80920-9.

www.aneskey.com/the-development-of-trauma-systems/ Bzik KD, Bellamy RF (1984) A note on combat casualty statistics. Milit Meal 143: 143-161.
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Therapie der Organdysfunktion — Krisen als Treiber der Innovation
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Probability of an organ failure (%)

Therapie der Organdysfunktion — Tidalvolumen, Beatmung und Outcome
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Statistical model of a nonparametric
0.35 ¢ logisticregression showing the
’ dose-response relationship

0.30 between the tidal volume at
intensive care unit admission
(mL/kg of predicted body weight)

and the probability of an organ
0.20 \ failure. TV/PBW = tidal
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Anesthesiology 116(5):1072-1082,
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Therapie der Organdysfunktion — Tidalvolumen, Beatmung und Outcome
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Therapie der Organdysfunktion — Tidalvolumen, Beatmung und Outcome
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| volume between 6 and 8 mL/kg

& predicted body weight and 80.3% >8
mL/kg predicted body weight. Mean
tidal volume was 10.0 mL/kg predicted
body weight. Perceived adherence to
low-tidal volume ventilation was
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Figure 1. Range of tidal volumes in patients with severe sepsis/septic shock and acute lung
injury/acute respiratory distress syndrome. Maximal tidal volumes (mL/kg predicted body weight
[PBEW]) in 152 patients with severe sepsis and septic shock.
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Practice and perception - A nationwide survey of therapy habits in sepsis Brunkhorst, F. M.; Engel, C.; Ragaller, M.; u.a. (2008) Critical Care Medicine,
36(10) pp. 2719-2725. DOI: https://doi.org/10.1097/CCM.0b013e318186b6f3



Therapie der Organdysfunktion — Tidalvolumen, Beatmung und Outcome
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Figure 1. Range of tidal volumes in patients wiul severe sepsis/septic shock and acute lung
injury/acute respiratory distress syndrome. Maximal tidal volumes (mL/kg predicted body weight
[PBEW]) in 152 patients with severe sepsis and septic shock.

Practice and perception - A nationwide survey of therapy habits in sepsis Brunkhorst, F. M.; Engel, C.; Ragaller, M.; u.a. (2008) Critical Care Medicine,
36(10) pp. 2719-2725. DOI: https://doi.org/10.1097/CCM.0b013e318186b6f3



Molekularmedizin — die stille Revolution
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Zur Rolle von Biomarkern/ “Theranostik”
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A Transcriptomic Biomarker to Quantify Systemic Inflammation in Sepsis — A Prospective Multicenter Phase Il Diagnostic Study
Bauer et al. EBioMedicine 6 (2016) 114-125



Zur Rolle von Biomarkern/ “Theranostik”
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Stanski NL, Wong HR Nat Rev Nephrol. 2020;16:20-31



Therapie der Organdysfunktion — Krisen als Treiber der Innovation

Endophanotyp und
kausale Therapie

Fortschritte in der kausalen
Therapie / ,,Theranostics”




Warp speed — auch bei den klin. Studien!
Beispiel Anakinra fur COVID-19

Phase 2 study SAVE Phase 3 study SAVE-MORE ——
April 2020-November 2020; 13 sites in . December 2020-June 2021; 29 ‘\}rﬁ_
Greece . . . . . =
Open-label with SoC comparators sites in Gr_.eece’ 8 SIt?S I Italy >,
Almost 1,000 patients enrolled ° Double-blind randomized £y
Interim published data on 130 . 594 patients enrolled ;

Kyriazopoulou E et al. - A=~
Nat Med. 2021;27(10):1752-60. Samaras C et al.

Cytokine. 2023;162:156111. Zulassung

Anakinra
fUr COVID-19 bei
— : suPAR > 6ng/ml




PANAMO Study: Phase lll — Primary Endpoint

28- and 60-Day All-Cause Mortality

0.5 ] N - -
Day 28: 23.9 % relative reduction o s———+ | I Placebo +sOC
Kaplan-Meier point estimate: AT T T -
Placebo: 41.6.% ,__F"'___I
0.4 Vilobelimab: 31.7% -
_‘_’—I_’_‘_,_,— Il Vilobelimab +SOC
s 0.3
b~
®
£
0
2 02
SOC included concomitant use:
Day 60: 22.7 % relative reduction
° H H . 0,
01 Kaplan-Meier point estimate: Corticosteroid use: 97%
Placebo: ~ 47.2.% * Anti-coagulant use: 98%
Vilobelimab: 36.5% ) )
* Biologics & others (e.g., tocilizumab, baricitinib): 20%
004 (prior or concomitant)
Vilo + SOC 177 1N 160 135 123 115 114 107 104 102
Placebo + SOC 191 187 164 133 17 105 102 96 95 93
|

1 4 8 15 22 28 30 40 50 60

Time since randomization (days)

) One additional life was saved for every 10 vilobelimab-treated patients at day 28

One additional life was saved for every 9 vilobelimab-treated patients at day 60

Vlaar APJ et al. Lancet Respir Med. 2022;10(12):1137-46.
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Sepsis-3: Fehlregulierte (statt ,,iiberschief3ende”) Wirtsantwort auf
Infektion als Ursache der Organdysfunktion!
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Immune response

Immunoparalysis | < > | Hyperinflammation

SEPSIS

Bauer, M. (2021). Sepsis. In: Offermanns, S., Rosenthal, W. (eds) Encyclopedia of Molecular Pharmacology. Springer,
Cham. https://doi.org/10.1007/978-3-030-57401-



Sepsis-3: Fehlregulierte (statt ,,iiberschief3ende”) Wirtsantwort auf
Infektion als Ursache der Organdysfunktion!
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ImmunoSep - a first randomized clinical trial for precision immunotherapy

IMMUNISISEP

HEEHRRNIn LG E R —> Anakinra for MALS
standard-of-care ——=> rhIFNy for immunoparalysis

il

' l
Patient population:
I I - Lung infection or primary Primary endpoint: Of 657 patients screened
bacteremia Change of mean SOFA score by April 2024
- Sepsis-3 by day 9 - Immunoparalysis: n=224
- MALS or immunoparalysis Powered for 280 patients - MALS: n=46

Within 72 hours

Placebo

+ standard-of-care

ClinicalTrials.gov ID NCT04990232



Weitere potenzielle Endophanotypen zur Immunmodulation

Development of the IFNy-driven sepsis (IDS) endotype in the discovery set

A 28-day mortality and IFNy levels: B HLA-DR receptors on CD45/CD14-monocytes
. all patients and IFNy levels
Articles 40000~
50 2 :
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5 40 g 3
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Interferon-gamma driven elevation of CXCL9: a new sepsis L) 3 5
. . . : jio=d = "
endotype independently associated with mortality z20 &
£ S 10000+
Evangelos ). Giamarellos-Bourboulis*** Massimo Antonelli.“* Frank Bloos,** loanna Kotsamidi Christos Psarrakis,” Konstantina Dakou,” ‘E) 10 E
Daniel Thomas-Riiddel,** Luca Montini** Josef Briegel ** Georgia Damoraki,* Panagiotis Koufargyris,” Souzana Anisoglou,” Eleni Antoniadou, m
Glykeria Vlachogianni/ Christos Tsiantas," Matteo Masullo,“" Aikaterini loakeimidou,’ Eumorfia Kondili,™ Maria Ntaganou,” Eleni Gheka * HR R
Vassileios Papaioannou,” Effie Polyzogopoulou,” Armin J. Reininger,? Gennaro De Pascale,“* Michael Kiehntopf,™* Eleni Mouloudi, and 0 0 - B T
Michael Baver”* IFNy <=3 pg/ml (n=1947) IFNy >3 pg/ml (n=1723) IFNy <3 pg/ml (n=227) IFNy >3 pg/ml (n=399)
| inflammation
G sCD163 and IFNy levels D CXCL9: patients with blood IFNy >3pg/ml
1000 T 100000 -
z 4 p< 0-0001
800
p<0-0001
10000+
600+ -
- E E
Infection/ 5 ®
400
h n . . . B
pathogens Adaptive immunity 1000
200+
0 + - 100 T T
IFNy s3 pg/ml (n=227) IFNy >3 pg/ml (n=399) Survivors ln=1331 I Non-survivors ‘n= 616:

Giamarellos-Bourboulis EJ, Antonelli M ... Bauer M. eBioMedicine. 2024;109:105414.



Weitere potenzielle Endophanotypen zur Immunmodulation

Interferon-stimulierte CXCL-9 Antwort — ein eigener Sepsisphanotyp?

* Distribution of endotypes in the discovery and the validation sets of patients

Discovery

IDS

set
n=708
an:_?B\ (19:3%) High IFNy
i w/o CXCL9 increase
e n=1163
(31:7%)

n=24
(0-7%)

Low IFNy
(immunoparalysis)
n=1,270
(34:6%)

CXCL9
>2200 pg/mi
n = 327
(8:9%)

Giamarellos-Bourboulis EJ, Antonelli M ... Bauer M. eBioMedicine. 2024;109:105414.

Validation
IDS

set n = 359
MALS\ (19-6%)

(’L_ 608/3 High IFNy
w/o CXCL9 increase

n =563
(30-7%)

n=7
(0-4%)

Low IFNy
(immunoparalysis)
n =651
(35-5%)

CXCL9
>2200 pg/mi
n=168
(9:2%)




Weitere potenzielle Endophanotypen zur Immunmodulation

Interferon-stimulierte CXCL-9 Antwort — ein eigener Sepsisphanotyp?

* The impact of the endotype of IFNy-driven sepsis on mortality the first 28 days

A DISCOVERY SET B VALIDATION SET
100
High IFNy wio 100
increase of CXCL9 High IFNy wio
—Low IFNy increase of CXCL9
-MIDS —Low IFNy
80 IMALS -MIDS
80 TMALS
3 =
= ‘B0 2
= 5
> = 60
: 2
@ 40 g
» 40
2 log-rankioy 1Ny vs High 1PNy wio cxcLe: 21°1; p< 0-0001
log-rankps vs Low IFny: 37-9; p< 0-0001 20
log-rankya s vs Ips: 26°7; p<0-0001
0
0 4 8 12 16 20 24 28 0
- 0 4 8 12 16 20 24 28
Survival (days)
Patients at risk (n) Patients at risk (n) Survival (days)
High IFNy wio CXCL9increase 1163 1110 1065 1010 974 942 915 893 High IFNy wio CXCLO increase 563 534 511 491 482 469 451 438
Low IFNy 1697 1454 1354 1290 1233 1182 1132 1106 Low IFNy 819 755 595 659 629 604 588 567
IDS 732 617 554 510 480 459 429 417 DS 366 308 276 257 248 236 223 218
MALS 178 128 108 92 85 73 69 67 MALS 85 65 46 39 33 31 27 26

Giamarellos-Bourboulis EJ, Antonelli M ... Bauer M. eBioMedicine. 2024;109:105414.



Zusammenfassung

Entgegen der allgemeinen Wahrnehmung war das letzte
Jahrhundert von einer dramatischen Verbesserung der Prognose
beim Organversagen gepragt

Diese verlief in zwei Wellen —

* eine erste der Verbesserung der supportiven Moglichkeiten

* eine zweite - (die noch voll im Laufen ist) mit der Revolution der
Molekularmedizin

Beide wurden durch die groBen Gesundheitskrisen und Kriege
des 20. Jahrhunderts angetrieben, oder mit ...

... Winston Churchill:
Never waste a good crisis!
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