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» ANOIOIDAIPINEL : OcpatrevTIKO OKELATHA TTOL
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« [loAvkAwvikn IVIG

g \/
H moocotnTta TNC IgA SiagepEl KOUAIVOUEVN
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IgM enriched (IgG, IgM, and IgA)
( )38gar/llgG -1, 6 gr/l -1 IgA kai IgM

H mapouvcia NG IgA uttopei va odnynoel oe
AVAPLACKTIKA avTibpaon emmeidn 10 30% TOL
TTANBLOPOL avaTTuooEl AvTl IgA AVTICWUATA

Journal of Critical Care 30 (2015) 652.¢9-652.e16



Table 2. Intravenous immunoglobulin preparations available and used in severe infections in critically ill patients in the most
recent published randomized controlled trials

Commercial

Indications where

Composition Composition Composition immunoglobulins
name Company, country % 1gG % IgM % IgA were tested
Trimodulin Biotest, AG Dreieich, Germany 56% 23%, 21% Severe CAP [34""]
Pentaglobulin Biotest, AG Dreieich, Germany 76% 12%, 12% Sepsis, septic shock,

peritonitis [24,35%)
Privigen CSL Behring, Bern, Switzerland >98% IgG Nonsignificant Nonsignificant NSTI [297]
Polyglobin N Bayer Biological Products, >97% Nonsignificant NS Sepsis [26]
(Flebogamma) Leverkusen, Germany
Endobulin (Kiovig) Baxter, Deerfield, IL (USA) >98% Nonsignificant Nonsignificant STSS [21]

CAP, community-acquired pneumonia, NSTI, necrotizing soft tissue infection; STSS, streptococcal toxic shock syndrome.

Intravenous immunoglobulin for adjunctive

treatment of severe infections in ICUs

Curr Opin Crit Care 2019, 25:417-422
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ENAEIZEIX XTH MEO:

tissue infection)

Foster R, Suri A, FilateW, Hallett D, Meyer J, Ruijs T, et al. Use of intravenous immune
globulin in the ICU: a retrospective review of prescribing practices and patient

outcomes.
Transfus Med 2010;20(6):
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Review of IG mechanisms of action in sepsis

nopoyowm KAl EKKQIVOVTAI ATTO Ta B kKOTTOPO OV
EVEQYOTTOIOVLVTAI KAl TTOAATTAOGCIAOVTAl

Minerva Anestesiologica 2016 May;82(5):559-72




a To oTtaBepo TuNua Fc NG IgG mailel BACIKO POAO OTNV
TTOOPAEYHOVGWSEN (pACN YIA VA AVTIUETWTTIOEN KATTOIA
AOIUWEN

Minerva Anestesiologica 2016 May:82(5):559-72




- Havribpaon tou EevioTn £xel MIa TTPOPAEYHOV@SN ¢paon , OTN
SIAPKEIQ TNG OTTOIAC LTTAPXEI PIA PN EAEYXOUEVN PAEYUOVWENC
«kartaryidéan

- AKOAOLOEI UIa TTOPATETAUEVN AVTIPAEYHOV®SNG pAC TTOL
XAPAKTNEIZETAl ATTO ATTOTITAON TV T KOUTTAPWY KAl ALENUEVN
ATTOTITON TWV AVOCOTIOINTIKWY KLTTAQWYV.

- 1 auTo PETAKIVABNKE TO VEIAMEQOV TWV EQELVNTWY OTN XPNON
TTAPAYOVT®Y TTOL SIEYEIDOLY TO AVOTOTIOINTIKO CLOTNUA.

Minerva Anestesiologica 2016 May;82(5):559-
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Figure 1. —Possible mechamism of action of Ig in the promflammatory and immunosuppressive phases of sepsis.
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Evepyottoinon avoooTToiNTIKOL
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et al: Infravenous immune globulin ffec’rs
cytokine productionin T lympho
monocytes/macrophages. CliAf Exp Immunol
1996; 104(Suppl):1:10-20



H Aoyikn xpnong avoocoopaipivy TN CNYN UTTOEEI va
KATNYOPIOTTOINBEI (G £ENC:

1. QvayvwEion KAl QITOUAKOLYON TTABOYOV®Y KAl TOEIVARV

2. AvaOTOAN TNG YETAYPADNG TWV YOVISI®V HECOAARNONG

3. AVTl - ATTOTITWTIKES EMTTTWOEIC OTA AVOOOAOYIKA KOTTAPA

Review

Use of Intravenous Immunoglobulins in Sepsis

Therapy—A Clinical View

Int. |. Mol. Sci. 2020, 21, 5543;




Table 1. Main mechanisms underlying the microbial effects and the immunomodulation effect of polyclonal intravenous

immunoglobulin

Antimicrobial effects Immunomeodulation effects (high dose) (putative mechanisms)

Neutralize pufhogens and foxins Downregubfe immune responses

Activate complemeni, |ec1ding to phagocyiosis, bacterial |ysis, Downregulaie produciion of inflammcﬂory cyiokines (interleukin-1,
and atiraction of leucocytes interleukin-2, TNFa, INFy)

Opsonization Accelerate clearance of antibodies

Aniibody—depen dent cellular cytotoxicity -

INFy, interferon gamma; TNFa, tumor necrosis factor alpha. Adapted from [12,13,15-20,43].
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Figure 2. The central role of intravenous immunoglobulins IgGAM on the innate and adaptive immune
response, using different regulatory pathways to interact with the cellular and humoral components.
IFN, interferon; Ig, immunoglobulin; IgGAM, immunoglobulin G/A/M; IL, interleukin; NK cell, natural
killer cell; Teg cell, effector T cell; Ty cell, helper T cell; Treg cell, regulatory T cell.
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Figure 1. Pro- and anti-inflammatory changes of the immune system during the course of
sepsis and septic shock. HLA-DR, human leukocyte antigen-D related; IgM/G, immunoglobulin
M/G; IL, interleukin; IFN-y, Interferon gamma; PAMPs, pathogen-associated molecular patterns;
TNEF-«, tumor necrosis factor alpha; TLR, toll-like receptor.
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[MPOTEINOYN THN XPHXH TQN
ANOXOLOAIPINOQN

Not using intravenous immunoglobulins in adult patients with severe
sepsis or septic shock (grade 2B)

Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign: international guidelines for management of severe sepsis and
septic shock: 2012. Crit Care Med 2013; 41:580
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Score-based immunoglobulin G therapy of patients with sepsis:
The SBITS study*

Karl Werdan, MD; Giinter Pilz, MD; Oskar Bujdoso, MS; Peter Fraunberger, MD; Gertraud Neeser, MD;
Roland Erich Schmieder, MD; Burkhard Viell, PhD; Walter Marget, MD; Margret Seewald, MD;

Peter Walger, MD; Ralph Stuttmann, MD; Norbert Speichermann, MD; Claus Peckelsen, MD;

Volkhard Kurowski, MD; Hans-Heinrich Osterhues, MD; Ljiljiana Verner, MD; Roswita Neumann, PhD;
Ursula Miller-Werdan, MD; for the Score-Based Immunoglobulin Therapy of Sepsis (SBITS) Study Group

Crit Care Med 2007 Vol. 35, No. 12
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Figure 2. Kaplan-Meier survival curves of SBITS study patients in the intravenous immunoglobulin G
{ffg(s) group and in the placebo group. /GG, immunoglobulin G; 1.V, intravenous.

Crit Care Med 2007 Vol. 35, No. 12
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[Intervention Review]

Intravenous immunoglobulin for treating sepsis, severe sepsis
and septic shock

Marissa M Alejandria', Mary Ann D Lansang', Leonila F Dans?, Jacinto Blas Mantaring 111°

Intravenous iImmunoglobulin for treating sepsis, severe sepsis and septic shock (Review)
Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.




ITTAOLTIOMEVN UE IgM TTOALKAGVIKN

Intravenous immunoglobulin for treating sepsis, severe sepsis and septic shock (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.




Intravenous immunoglobulin for treating sepsis, severe sepsis and septic shock (Review)
Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.







« HpPapuvutnTa TNG onwng AEN opileral eviaia

Ol TTEPICCOTEPEC PEAETEC apopoLY MIKPO APIOMO aocBevav

Ol HEAETEC HE XAUNAO KiVOLVO CLOTNUATIKOL TPAAUATOS AEN
£6€1ICAV EAQTTOON OTN BvNTOTNTA PE TN XPNON TTOALKAWVIKNG IVIG
EUTTAOLTIOHEVNG N OXI pE IgM.

Intravenous immunoglobulin for treating sepsls, severe sepsis and septic shock (Review)
Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Prevention, diagnosis, therapy and follow-up care of sepsis:
1% revision of S-2k guidelines of the German Sepsis Society
(Deutsche Sepsis-Gesellschaft e.V. (DSG)) and the German
Interdisciplinary Association of Intensive Care and
Emergency Medicine (Deutsche Interdisziplinare

Vereinigung fur Intensiv- und Notfallmedizin (DIVI))

GMS German Medical Science 2010, Vol. 8, ISSN 1612-3174




« The use of ivigGAM may be considered for treatment

of adult patients with severe sepsis or septic shock.

Recommendation level C

+ The use of ivligG in the treatment of adult patients with
severe sepsis or septic shock is not recommended.

Recommendation level B

GMS German Medical Science 2010, Vol. 8, ISSN 1612-3174 /
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Meta analysis

Use of polyclonal immunoglobulins as adjunctive therapy for sepsis
or septic shock*

K. Georg Kreymann, MD; Geraldine de Heer, MD; Axel Nierhaus, MD; Stefan Kluge, MD

Crit Care Med 2007 Vol. 35, No. 12




MeTa — avaAvon oAV TV RCT TTOL AoXOAOLVTAI UE
TIC TTOALOVLVAUEC AVOCOOPAIPIVES (7S) OTn oNwn
/ONTITIKO OOK O¢€ EVNAIKOLG, TTAISIA, VEOYVA.

MENETNONKE KLPIWS N BVNTOTNTA OTIC 28 NUEPEG.

MepIANPONKaAY CUVOAIKA 15 HEANETEC
Me TTaIS1a KAl EVNAIKOLG

YLYKEIONKAV Ol HEAETEG pe IgG ue avTEG pe IgM

Ol TTEPICCOTEPEC £YIVAY OTNV ELPWTIN.




There was a strong trend in favor of an immunoglobulin
preparation enriched with IgA and IgM (IgGAM) (RR
0.66, 95%CIl 0.51- 0.84, p <.0009) compared with

preparations containing only IgG (RR 0.85, 95% CI
0.73-0.99, p< .04

There was also a positive although less
pronounced trend favoring the effect of IgGAM

(RR 0.50, 95% CI1 0.34-0.73, p <.0003) compared
with IgG (RR 0.63, 95% CI 0.42—-0.96, p <.0
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Improving outcomes of severe infections by multidrug-resistant pathogens

with polyclonal IgM-enriched immunoglobulins
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AVASOOUIKN avaALON TNG ¢KRAONS CORAPWYV AOIUWEEWY ATTO
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TOTALNUMBER OF PATIENTS WITH CLINICAL DATAIN THE REGISTRY=5,143

Step 1: ICU-ACQUIRED INFECTIONS=1,299

\

COMPARATORS (fromthe same hospitals)=1,077 | | lgGAM= 232
+ Excludedfrom matching (n=2 neutropenia) (ALL Severe sepsis/Shock)

Step 2: Severe sepsis/Shock=622 EXCLU DEE;; 132

Lack of microblology= 72

v +  Incomplets datas 33

- +  Catheter-related infections= 20
Step 3: MDR Gram-negative=213 . Neutropenia=4

+ Gram-positiveinfections=2

+  Primary immunodeficiency=1

L 4

Stap 4: Case control matchlng ‘

+ 1:1 matching for sepsis severity

+ 1:1 matchingfor appropriateness ANALYZED= 100
of empirical antimicrobial treatment

. FUIZy matchlng forsource of infection

+ Fuzzy matching for CCI

y

ANALYZED= 100

FIG. |. Case-control matching process. Abbreviations: CCI, Charlson's Co-morbidity Index; [gGAM, lgM-enriched polyclonal immunaglobulin

preparation; MDR, multidrug-resistant.
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O1 diatapaxec TNENG, N KAPSIOAVATIVELOTIKI AVETTAQKEID, N
XPOVIA AVATTIVELOTIKN AVETTAPKEID, N XPOVIA VEPPIKN VOOOG
‘NTav ave€apTNTOI TIPOYVWOTIKOI TTAPAYOVTEC MIAC SLOUEVOLC
ekpaong.

Y€ AOBEVEIC hE KAPSIOAVATIVELOTIKN AVETTAPKEIA N
xopnynon IgGAM gixe ELVOIKQ ATTOTEAECATA.



Effects of IgM-Enriched Immunoglobulin Therapy
in Septic-Shock-Induced Multiple Organ Failure: Pilot Study
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MpootmTikn Toxalomoinuevn HeAETn (RCT)/
HAPTLPES

XpNnon MoALKAGVIKNG EUTTAOLTIOMEVNG HE IgM
avoooogaipivns 5 mi/kg

AoOgveic pe ofeia avaTmveLOTIKN AQVETTAPKEIA
AOY® ONTITIKOL OOK

J Anesth (2013) 27:618-622
DOI 10.1007/00540-012-1553-9
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Intravenous Immunoglobulin and Mortality in
Pneumonia Patients With Septic Shock: An
Observational Nationwide Study

Takashi Tagami,'? Hiroki Matsui,' Kiyohide Fushimi,} and Hideo Yasunaga'

Clinical Infectious Diseases Advance Access published May 9, 2015




8734 Eligible mechanically ventilated
pneumonia patients with septic shock

470 Excluded
258- IVIG received more than 5a/day for 3 days
212- started receiving IVIG on Day 6 or latar

8264 Study patients
1324 IVIG group 6940 Control group

Propensity Score Matching

1045 Propensity-matched 1045 Propensity-matched
IVIG group Controlled group

Figure 1. Patient selection. Abbreviation: IVIG, intravenous
immunoglobulin.

O1 aoBeveig eixav Papia EEQvocokouEiakn TTVELUOVIA
KAl ONTITIKO OOK .

ATTOKAEIOTNKAYV Ol AOOEVEIC UE VOO OKOUEIOKN
TTvevpovia kal VAP,




Antgen  Anigen _
binding'ste _ binding

Table 2. Comparisons of Qutcomes Between Groups

Intravenous Risk Difference

Group Immunoglobulin Control (95% Confidence Interval)
Unmatched groups
28-day mortality 37.8% (501/1324) 35.3% (2453/6940) 25% (-31t05.3)
In-hospital mortality 48.8% (646/ 1324) 47.1% 3269/ 6340) 17% (-13t046)
Catecholamine-free days (SD) 13 (11.3) 121 (11.5) -0.78 (<1510 -.10)
Ventilator-free days (SD) 83 (96) 9.4 10.3) -1.1(-171t0-53)
Propensitymatched groups
28-day mortality 36.7% (383/1045) 36.0% (376/1045] 0.7% (351048
In-hospital mortality 47.9% 501/ 1045) 46.7% 1488/ 1045 1.2% (-3.0t0 5.5
Catecholamine-free days (SD) 150113 123(115) -0.82 (-1810.15)

Ventilator-free days (SD) 8708 91089 ~047 (<1310 .38)

Abbreviation: SO, standard deviation.



Table 3. Association Between Intravenous Immunoglobulin Use
and Mortalities in Propensity Score-Matched Patients

Odds/Hazard 95% Confidence

Outcome Ratio Interval P Value

28-day mortality 1.03 .86 10 1.23 .75
(logistic regression
analysis)

Inhospital mortality 1.00 89t01.14 97
(Cox regression
analysis)

We performed a logistic regression analysis fitted with generalized estimating
equations (GEEs) in order to examine the association between intravenous
immunoglobulin (IVIG) use and 28-day mortality and to account for the paired
nature of the propensity score-matched patients. We used only the binary
variable of the IVIG or control group as an independent variable; the
dependent variable was 28-day death in the logistic GEE analysis and the
time to in-hospital death in the Cox regression analysis.




This nationwide retrospective study found no apparent signifi-
cant association between IVIG use and mortality in patients
with severe pneumonia who required mechanical ventilation
and vasopressors—at least for the dose clinically used in
Japan. Further studies are required to clarify the role of IVIG
treatment in patients with sepsis from other causes.

[EQIOPIOUOI TNG WEAETNG
- Avadpouikn pLOoN TNG PEAETNG
- MikpOTePN 600N avocooPaIpivng
- Ta armoTeAecuaTa ApoOEOLY POVO TTVELUOVIA







* OPOUPOEUPBOAIKG eTTEICOSIA

* Neppikn PAGRN
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Shankar-Han et al. Critical C
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H vedpikn BAAPN Elval ouXVOTEPN 0€ ACBOEVELS LE TTPO UTTOpXOVTO
nipoPANpata, X VEPPLKN QVETAPKELR, cakxapwdn dtapntn,
npoxwpnuevn nAkia, aduvdatwon, AnPn AAAwv vedbpotoLlkwv
bapUAKWY

2Int. J. Mol. Sci. 2020, 21, 5543 7 of 17
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» OMNOIAAHMNOTE ANOLOXI®DAIPINH;

..one size does not fit all..

The Questions of “Who?”, “When?” and “How
Much?”




Moia avoocoogpailpivn yia Tolov acOevn;

H IgA Exel IOXLPEC AVTIPAEYHOVWOEEIG I810TNTEG

HIgM €gival To KLPIO CLOTATIKO TNG KLPIAG
AVTIOCWUATIKNG avTISspaonG

KaALTEPN €E0LOETEPWOTN OTAPULAOKOKKIKWY KAl
OTPETTTOKOKKIKGV AVTIYOVWV

Intravenous polyclonal IgM-enriched immunoglobulin
therapy in sepsis: a review of clinical efficacy in relation to Jourmal aof Internal Medicing 20000; 260: 509=-516
microbiological aetiology and severity of sepsis




dPIA BEATIOONG TV HEAETDV;

The original sins of clinical trials with intravenous
immunoglobulins in sepsis

* ANWN KATOAANAGYV QVTIUIKOORICKWV;

e AOON AVOCOCPAIPIVV
* XpOVOG XOPNYNoNG avoCOTPAIPIVRV
(6 — 8 wpeS ammo TNV evapén ToL CoK)

e Emmitreba evéoyevayv avoooopaIpIVV

Almansa et al. Critical Care (2015) 19:90
DOI 10.1186/513054-015-0793-0




Yovnonc SIapkeia 5 uepeES

AlapopeTikeG 6oo¢€ig 0.3gt/3 nuepecg — 0.35g/kg/day




QOEAOYNTAI MNEPIZXOTEPO;

« A0Bgveic ue gram apvnTikA oNYN;
« Kapdioxeipovpyikoi aoOeveig;

K. DX Rosaet al. | European Journal of hoernal Medicine 25 2014) 511-516



Table 1 Suggested target patients for treatment with IgM-enriched preparations

Fequirements Comments and Concepts Reference
Severity Persistence of septic shock or severe sepsis  Heintrich et al. [19]
with = 2 organ dysfunctions after mitial Expert cpinion

resuscitation/treatment

Timing As early as possible. Best effects are ex- Berlot et al. [28]
pected if treatment 15 inrtiated within the first
8h of sepsis.
Late start of treatment (43 h) 15 not recom- Expert opinion
mended.

Target groups/sub- Abdominal infections in surgical patients Rodnguez et al. [18]
groups with the high-  (peritonitis) presumably Gram-negative
est benefit probability  bacterial infections

Memingococcal sepsis Expert opinion
Toxic shock syndrome

Overwhelming post splenectomy mnfection

Necrotizing fasciifis

Dosage (80 kg) 50 ml'h for the first 6h (15 g), followed by Expert opinion
15ml'h for 72h (54 g), daily re-evaluation

Exclusion criteria Standing DNE. order or hinutation of therapy, Expert opimon
mcunrable metastatic malignant dizease,
neutropenia due to hematological mabignan-

c1es and according to SPC

DNER.: do-not-resuscitate; SPC: summary of product characteristics

Annual Update in Intensive Care and
Emergency Medicine 2013
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Concept for a study design in patients with
severe community-acquired pneumonia: A

randomised controlled trial with a novel
IGM-enriched immunoglobulin preparation
— The CIGMA study

Tobias Welte »*, R. Phillip Dellinger °, Henning Ebelt ,
Miquel Ferrer “, Steven M. Opal ¢, Dorothee E. Schliephake °,
Andrea Wartenberg-Demand ', Karl Werdan ¢, Kurt Loffler ",

Antoni Torres '

Trial registration: EUDRACT 2010-022380-35

Respiratory Medicine (2015) 109, 758-767
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Efficacy and safety of trimodulin, a novel
polyclonal antibody preparation, in patients
with severe community-acquired pneumonia:

a randomized, placebo-controlled, double-blind,
multicenter, phase Il trial (CIGMA study)

Tobias Welte', R. Phillip Dellinger, Henning Ebelt®, Miguel Ferrer”, Steven M. Opal®, Mervyn Singer®,
Jean-Louis Vincent’, Karl Werdan?, Ignacio Martin-Loeches®?, Jordi Almirall’®, Antonio Artigas®,
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and Antoni Torres*?
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MEAETN OKELACUATOC TTOALKAWVIKGWV
AVTIOCWHATWV TTOL TTPOEPXETAI ATTO TO AVOPWTTIVO
TTAQOUA YIa evOOPAERIO xopNyNon

Mepiexel IgM (~ 23%), IgA(~ 21%), and IgG (~ 56%)
CIGMA study (Concentrated IgM for Application)

ia, loTravia, Eveopevo BaoiAeio




161 screened and enrolled

consent

One patient not randomized
due to withdrawal of informed

160 randomized

Y

81 assigned to trimodulin ‘

11 discontinued study
2 adverse event

1 other reason

8 moved to another hospital

Y

| 79 assigned to placebo

—>|

3 discontinued study
1 adverse event
2 moved to another hospital

A 4

70 study ongoing

76 study ongoing

!

:

f
v

81 included in all
patient analysis

79 included in all
patient analysis

A

Fig. 1 Patient disposition and reasons for discontinuation during the study period
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Fig. 2 Survival by treatment regimen
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NO SIGNIFICANT DIFFERENCES WERE FOUND
IARZSN TRIMODULIN

POST HOC ANALYSES SUPPORTED IMPROVED O
MORTALITY WITH TRIMODULIN

IN SUBSETS OF PATIENTS WITH
ELEVATED CRP, REDUCED IGM, OR BOTH.

THESE FINDINGS WARRANT FURTHER INVESTIGATION









» O1I avoooo@alpiveg oTn ORWN: an

experimental therapy

Almansa et al. Critical Care (2015) 19:90
DOI 10.1186/513054-015-0793-0

Intravenous Immunoglobulins (Ivlg) are often
administered to critically ill patients more JASYANVAO )=
FaUllsl than on the basis of relevant clinical studies

Translational Medicine 2015, 11(4): 24-27
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IVIG tmou eumrAovTtioTnke pe IgA - IgM

Uptodate 201 %
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BASED ON THESE ELEMENTS, THE
ONGOING

)
RANDOMIZED OPEN CONTROLLED PHASE 11 TRIAL (CLINICAL-
TRIALS.GOV NCT03334006) WILL RANDOMIZE 200
AN RPERITONITIS TO RECEIVE EITHER STANDARD
OF CARE (SOC) OR SOC AND IVIG [{Z=\arAXciXeL I\ =] [0y =y
DREIEICH, GERMANY) [35&] IN PATIENTS WITH PERITONITIS

Kalvelage C, Zacharowski K, Bauhofer A, et al. Personalized medicine
with IgGAM compared with standard of care for freatment of peritonitis
after infectious source control (the PEPPER ftrial): study protocol for a
randomized controlled trial. Trials 2019; 20:156.
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