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THE DIFFERENTIAL DIAGNOSIS OF
HAEMOLYTIC ANAEMIAS

By GeorGe Discomse, M.D., B.Sc.
Pathologist, Central Middlesex Hospital, Park Royal, London, N.W.10

The differential diagnosis of haemolytic anaemias
is difficult. It requires a wide clinical knowledge,

complete command of a wide range of laboratory

techniques and i ination. However, it is
poouBic to Base a s% for anﬁerenhﬂ aiagnoeu

Exaxmnatxon of a pro perly stamed thm blood

film, stained so that the cel ge, but show
poly greyl g¢- requires a
buffered diluting fluid which has been carefully
tested. Smears too thick, or stained dull grey,
are quite useless, and it is usually much easier to
obtain staining with Leishman’s stain
(from British Drug Houses) than from any other
brand, or from other Romanowsky stains such as
Giemsa or Wright’s stain (Discombe, 1950). A
well-stained film may indicate spherocytosis,
target cells, hypochromic cells, burr cells, or other
odd forms. One should remember that severe
carbon dioxide retention, or other acidosis, will
make cells increase in diameter by as much as
1 u, while obstructive jaundice causes target cells

to appear.

liberated into the blood stream and leaked into the
urine; this is usually paroxysmal nocturnal haemo-
globinuria (P.N.H.). Of course, stringent pre-

cautions must be taken against oonta.mmatlon, but
contammatmg iron is usually in u'regular lumps,

to about 4°C in contact wnth thenr serum, and the
washed cells should be tested with antiglobulin
serum at one, two, four and possibly eight times the
concentration normally used for the demonstration
of Rhesus antibodies. If positive, the test should
be repeated using cells which have been taken in a
warm syringe and at once washed with large
volumes of saline previously warmed to 37°C.,
and with normal cells incubated in the patient’a
serum obtained from blood which has never been
allowed to cool below 37°C., so that the quality and
quantl of the antibody may be further assessed.

e only common haemoglobinopathies are
thou causing sickling and thalassaemia. The
former is quickly detected by mixing cells with

Discombe, Postgrad Med J. 1959; 35:488-493.
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FACS
CD55/59
FLAER

Unspezifisch
Enzymaktivitat
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Intra-
erythro-
zytare
Parasiten

Target- oder
Sichelzellen
Hb-Analyse

Fragmentozyten
VWEF-Multimere,
ADAMTS13,
Shigatoxinprod.
Bakt., NPL,
Graviditat

Spharo-,
Ellipto-,
Stomatozyten
Osmot.
Resistenz,
EMA-Test

PNH

Enzymdefekte
M. Wilson
Hyperplenie
Coombs-neg.
AIHA

Malaria
Babesiose
Bartonellose

Thalassamie
Sichelzell-
anamie

TTP/HUS,
DIC, HELLP,
mechanische
Hamolyse

Sphérozytose
Elliptozytose

Hypersplenie

AIHA
WA-AIHA
CA-AIHA
DI-IHA
PCH
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Diagnostik hamolytischer Anamien
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m Differential-Blutbild mit Retikulozyten
 Erythrozytenmorphologie (z. B. Anisozytose, Polychromasie, Fragmentozyten, Spharozyten, Target-
Zellen, Sichelzellen, Parasiten, Erythrozyten-Agglutination)

* Normochrom, normozytdr; bei Retikulozytose, begleitendem Folsaure- oder Vitamin B,,-Mangel:
MCV+t (DD: Kalteagglutinine); bei Eisenmangel: MCV+

 Zeitliche Verzogerung der Retikulozytose (~Tage), hamatopoetische Insuffizienz durch
Grunderkrankung (Leukamie, NHL, PRCA, Parvovirus B19) oder laufende Chemotherapie
m Lactatdehydrogenase (LDH) ¢
* Isoenzyme LDH-1 und LDH-2
* Korrelation mit Erythrozytendestruktion (500-1000 U/I: 3x; > 1000 U/I: 4x)

m Bilirubin ¢

« Unkonjugiertes Bilirubin, Abhangigkeit von der Leberfunktion
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= Haptoglobin
« Sensitiver Parameter, bindet freies Hb mit weiterem Abbau in der Leber, Abfall bei intravasaler
Hamolyse oder Erschopfung des RES
* 90%ige Spezifitat fiir Himolyse in Kombination mit LDH #
« Akute-Phase-Protein = Korrelation mit CRP (Infektion, Infarkt, Tumore)
* Erniedrigt bei Leberfunktionsstorungen, kongenitaler Hypo- oder Ahaptoglobinamie (1%0-30%)
« Hdmolyse transfundierter EKs intravasal innerhalb von 24h (bis zu 30%!)

= Hamopexin {
* Bindet freie Hdm-Gruppen und -Derivate; Abfall erst bei Erschépfung von Haptoglobin = Hinweis auf
Schwere der Hamolyse

m Direkter (monospezifischer) Antiglobulin-Test (Coombs)
m Spezialdiagnostik

* Nach Verdachtsdiagnose: z. B. freies Hamoglobin, Hamosiderinurie, Hamoglobinelektrophorese,
Enzymanalysen, vVWF-Multimere, ADAMTS13, PNH-Diagnostik (FACS), osmotische Resistenz, EMA-Test
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= Nachweis von: A B
IgG IgA IgM C3c C3d ctl |
- 18G, IgA, 1IgM
« Komplement C3d/C3c

= Physiologisches Vorkommen von IgG auf Erythrozyten T
« Wichtig fur Transport von Immunkomplexen

m 0,3-8% hospitalisierter Patienten: Falsch positiver DAT !
« Mogliche Ursache z. B. Hypergammaglobulinamie

= 1-10% aller AIHA: Falsch negativer DAT

« Durchflusszytometrie

m Titer vs. Hamolyse, Aviditat

Modifiziert nach Wintrobe’s Clinical Hematology, 12t Edition. 2009.
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Patientin #1, 39 Jahre
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L [] ® Transfer.-Sattigung

') Hamatologie “{_I Klinische Chemie
[0 @ Leukozyten 19.70 -] @ Natrium 141
0 @ Erythrozyten 1.80 [ @ Kalium 41
[0 @ Hamoglobin 6.5 [ @ chlord 102
[0 ® Hamatokt 0.183 -] @ Calcium 2.27
. J ® mcv 101.7 E] © Phosphat (anorg.) 44
-0 @ Mo 36.1 [ @ S-Kreatinin (Jaffé) 130
, [J © mMcHC 35.5 [:l @ S-Kreatinin (enzym.) 1.34
, [J ® Thrombozyten 129 ----- [J © eGFR (CKD-EPI, Krea enzym.) 66.3
[0 @ Thrombozyten 129 ~-[] @ eGFR (MDRD, Krea enzym.) 59.0
[0 @ Ery.verteilungsbreite (D) 56.2 -] © eGFR (MDRD, Krea Jaffé) >60.0
[0 @ Ery.verteilungsbreite (V) 26.9 [0 @ HarnstoffN 17.3
[0 @ Thromb.vert.brete 12.2 [0 ® Harnsaure
[0 @ Mpv 113 ~[] @ Eisen 210
[0 © Thrombocyten >12A 332 -0 @ cX 757
[0 @ Thrombokt 0.12 - @ Bilirubin (gesamt) 2.0
-0 © 1PF(%) 3.9 [ @ Bilirubin (direkt) 0.44
-0 © PF(#) 5.0 -] @ GOT (ASAT) 180
[ © Retikulozyten-Parameter [ © GPT(ALAT) 38
[0 @ Retikulozyten% 15.64 ] © alkal.Phosphatase () 53
Immunhamatologischer Befund

Merkmal Ergebnrs

Blutgruppe 0 Rh positivccD.ee  Kell negativ

Antik6rpersuchtest positiv

Antikérper Anti-Wr(a)

Direkter Coombstest positiv

Monospezifischer AHG ++++ algG ++++ aCid-

Direkter Coombstest

W

70.9
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mmol/l
mmol/l
mmol/l
mmol/l
mag/dl
mg/dl
mg/dl
ml/min/1

ml/min/1 ..
ml/min/1 ..

mg/dl
mg/dl
pa/dl
u/l
mg/dl
mg/dl
u/l
uf
u/l
u/l
ufl
U/ml
u/l
o/dl
g/d
mg/dl

ma/l
a/l
g/l
a/l
%

136 - 145
35-5,1
98 - 107
2,08 - 2,65
2,7 -4,5
09-13
0,67 -1,17

w 60
. 60
. 60

6-19,8
35-72
60 - 175
46 - 171
03-1,2
<0,2

<50

<50

40 - 130
<55

100 - 247
49-119
12-53
6,4-8,3
32-48
<0,5

1-24

04-24
22-322
2,15-3,65
16-45
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Autoimmunhamolysen (AIHA)

Variable

Warm-Antibody

Cold Agglutinin Secondary Cold Agglutinin
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Paroxysmal Cold Mixed Type

Incidence and age
at onset

Cause

Type (WAIHA)

5 to 10 cases/1 million persons/
yr; occurs at any age but
frequently in the elderly

Unknown in < 50% of cases;
secondary in > 50% of cases

Disease (cAIHA/CAD)

0.45 to 1.9 cases/1 million
persons/yr; occurs mainly in
the elderly

Syndrome (CAS)

Rare, any age

Low-grade Secondary
lymphoproliferative

bone marrow disorder

Hemoglobinuria (PCH)

Rare, depending on
definition

Rare in children, ultrarare
in adults

Postviral (in children); Unclear
tertiary syphilis, hematologic

cancers (in adults)

Autoantibody

Immunoglobulin
class

Complement
activation

Predominant
type of hemolysis

Warm-reactive, panreactive,
polyclonal

IgG (in rare cases, IgM or IgA)

Frequently none;
Classical pathway (++),
Terminal pathway (+)

Extravascular
(mainly in the spleen)

Cold agglutinin, anti-I or anti-i,
polyclonal or monoclonal

Cold agglutinin, anti-I
(in rare cases, anti-Pr or
anti-IH), monoclonal

IgM (in rare cases, IgG) IgM or IgG

Classical pathway (+++),
Terminal pathway (+)

Classical pathway (+++),
Terminal pathway (+)

Extravascular (mainly in the
liver); intravascular (in acute
exacerbations)

Extravascular (mainly in the
liver); intravascular
(in acute exacerbations)

Both warm- and cold-
reactive antibodies

Non-agglutinating, biphasic
anti-P, polyclonal

IgG (in rare cases, IgM) IgG plus IgM

Present, details not
established

Classical pathway (+++),
Terminal pathway (+++)

Intravascular Not established

Typical findings

Direct
antiglobulin test

Cold agglutinin

IgG positive; C3d negative or
positive; In rare cases, IgA or IgM
positive

Absent

C3d positive; IgG positive or
negative; In rare cases, IgM
positive; IgA negative

High titer

C3d positive; In rare cases,
IgG or IgM positive;
IgA negative

High titer

IgG and C3d positive; In
rare cases, IgM positive;
IgA negative

High titer

C3d positive; In rare cases, IgG
or IgM positive; IgA negative

Absent

Berentsen S, et al. N Engl | Med. 2021;385:1407-1419.
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Pathophysiologie von AIHA/Hamolys

1gG Warm Antibody—-Mediated Autoimmune Hemolytic Anemia

en

B

Extravasale
Hamolyse
17 ml RBCs/h =
410 ml RBCs/24h

Bilirubin? b

Retl k u l Ozyte n T 1gM Cold Antibody—Mediated Autoimmune Hemolytic Anemia Saaeed e
Haptoglobin| L:_uw

LDH1

=
Liver

| - »
"5
- Mlc;oph”
\ antigen-presenting cells,
- and T lymphocytes
‘ S . -

 Gallensteine
« Splenomegalie
 Eisenuberladung

rrrrr
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Intravasale
Hamolyse
200 ml RBCs/h

LDH?

Freies
Hamoglobin?
Haptoglobin|
Bilirubin1
Retikulozyten?

Hamoglobinurie/
Hamosiderinurie

© Universitatsmedizin Essen Berentsen S, et al. N Engl /] Med. 2021;385:1407-1419. 10
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AIHA: Klinik und Komplikationen

Pneumonia (9-14% of cases, not
associated with serological AIHA
type and severity at onset, nor with
the number of therapy lines)

Sepsis {2-3% of cases,
more frequently in
splenectomized cases )

Acute renal failure
(3% of cases)

Evans syndrome (7-10%
of cases, more frequently
in mixed, atypical, and in
severe AlHA forms)

Puimonary
embolisms

DIC

Thrombosis (11-20% of cases,
mostly in 1gG+C wAIHA, mixed
and atypical, and associated with:

- Hb levels <6 g/dL at onset

- intravascular hemolysis

- previous splenectomy

Hazard risks for AlHA-related death
Evans syndrome (HR 8, 35% Cl 2.5-26)
Acute renal failure (HR 6.3, 95% Ci 1.4-23)
Infections (HR 4.8, 35% Cl 1.5-15)

increased risk of death.

L]
» e Klinik fiir Himatologie und
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Multi-treatment (4 or more lines of therapy)
Thrombotic events not associated with

DVT

Barcellini W, et al. Expert Rev Clin Immunol. 2018;14:857-872.
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Aktuelle Therapieoptionen der wAIHA

Treatment

Dose
Schedule

Response
Rate, %

Time to

Response

Comments

Universitatsmedizin Essen
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Side Effects/Cons

Predniso(lo)ne 1to 2mg/kgper 80 to 90 (estimated 7to25d = Gradual tapering during a period no shorterthan 4to 6 Diabetes mellitus, hypertension, peptic ulcer, osteoporosis,
day for 3 to 4 wk curerate in 20 to mo adrenal suppression, myopathy, psychosis, delayed wound
30 only) = Steroid boluses may be used for acute severe forms healing, insomnia, menstrualirregularity, weight gain
(ie, methylprednisolone 250 mg IV daily for 3 d)
vig 0.4 g/kg per day 30to 40 1to5d = Responsesusually last for about 3 wk Infusion reactions particularly in patients with IgA
for 5 days = Advised in addition to steroids in critically ill patients, deficiency, thromboembolic events, acute renal failure,
particularly during severe infections/sepsis increased serum viscosity
Rituximab 375 mg/m2per ~80 (relapse-free 3to 6wk Other schedules include: = [nfusion reactions, late-onset neutropenia, hypo-
week for 4 wk survival of ~60 = low dose (100 mg weekly for 4 wk) in patients with gammaglobulinemia, reactivation of underlying
at3y) nonsevere hemolyticanemia, and in the elderly infections
= 1 gdays1 and 15, particularly in wAIHA associated with = Regarding HBV reactivation, lamivudine prophylaxis up
other autoimmune diseases to 18 mois recommended for anti-HBc Ab and/or anti-
HBs Ab1 patients (if not vaccinated)
Splenectomy n/a ~80 (curative rate 7to10d Discouraged for patients older than 65 to 70 y with Possible complicationsinclude serious infections and
20 to 50) cardiopulmonary disorders, thrombotic risk, thrombotic events
immunodeficiencies, lymphoproliferative diseases, and
systemic autoimmune conditions
Azathioprine 2 to 4 mg/kg per ~60 (usually with Tto3mo  Advised as steroid-sparing agentin AIHAs secondaryto Myelotoxicity, particularlyin case of thiopurine
day steroids) systemic autoimmune conditions, inflammatory bowel methyltransferase deficiency (50 mg daily, increase up to
diseases, and autoimmune hepatitis 150 mg in the absence of neutropenia), liver toxicity
Cyclosporine 2.5 mg/kg, ~60 1to 3 mo Advised as steroid-sparing agent, particularly in AIHAs Kidney damage, hypertension, infections, nausea,
twice per day secondaryto autoimmune conditions, Evans syndrome, excessive hair growth
and in case of features of BMF
Cyclo- 50to 100 mg 50to 70 2to 6wk May be consideredin cases of highly hemolytic disease, Myelosuppression, infections, urotoxicity, secondary
phosphamide per day or 800 particularlyif secondary to connective tissue disorders malignancy, teratogenicity, infertility
mg/mz2I1V and lymphoproliferative diseases
monthly, 4to 5
cycles
Mycophenolate 500 mg, 25to 100 (small 1to 3mo Mainly used in the pediatric setting Nausea, headache, diarrhea
twice per day case series)
Danazol 200 mg, 20to 50 1to3mo  Steroid-sparing properties Androgenic effects (to be avoidedin men with prostatic

3 times per day

adenoma or carcinoma), liver toxicity

Barcellini W, et al. Blood. 2021;137:1283-1294.
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WAIHA: Therapiealgorithmus

wAIHA
. Not severe Severe (Hb<8 g/dL, transfusion dependent, IgA type, Evans’ syndrome)
Pred 1 mg/kg/day for 2-3 weeks Pred 1 mg/kg/day for 2-3 weeks
+ rituximab 375 mg/m*weekly for4 weeks, OR
1000mgon days 1and 15
Failure Response
r l Response Failure
Rapid tapering and ¥

discontinuation of Pred.
Start slow taper of Pred after 2-3 weeks

Rituximab 375 mg/m? weekly

for 4 weeks, OR
1000 mg on days 1 and 15. -

. d . : . Sustained | Loss of Rituximab if not given in the 15tline.
Considertreating associated response response »| Considerrepeatinginitial treatment
disease in secodary wAIHA. g Considertreating associated

¥ diseasein secondary wAIHA.
Response | Stoptreatment | | Stop Pred within ~6 months | Response
“| - Follow-up - Follow-up =
Failure Failure
) 4 y L4

Consider unspecific immunosuppresion (azathioprine, mycophenolate, CyA, etc.); splenectomy; or clinical trail.

N Failure

Consider splenectomy if not done in previousline.
Consider ESA + long-term low-dose Pred (<10 mg/day); bortezomib-based combination; clinical trial

Jager et al. Blood Rev. 2020 May;41:100648; Berentsen S et al. Front Immunol. 2023;14:1180509.
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WAIHA: Therapie - Aligemeine Maf3nahmen

e Supplementierung mit Folsaure (5 mg/Tag); ggf. auch Vitamin B12 und Eisen
(sofern Mangel)

e Prophylaxe einer Steroidtoxizitdat (Vitamin D, PjP-Prophylaxe, Antimykotika)

e Transfusionen (EKs) sofern klar indiziert, Risiko fur Alloantikorper,
Transfusionsreaktionen

e Ausreichende Hydration bei kritischer Hamolyse

e Konsequente Thromboseprophylaxe bei akuter (kritischer) Hamolyse,
stationaren Patienten, zusatzliche Risikofaktoren (z.B. Splenektomie,
Immobilisation, fieberhafte Infektionen, hereditare Thrombophilie, operative
Eingriffe)

e Frihzeitige und konsequente Antibiose bakterieller Infektionen zur
Vermeidung infektgetriggerter hamolytischer Krisen

Jager et al. Blood Rev. 2020 May;41:100648; Berentsen S et al. Front Immunol. 2023;14:1180509.
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Patientin #1, 39 Jahre
Prednison (initial 1 mg/kg KG) >
© Hamuoglobin S-Kreatinin {(enzym.) O
g/dl l rmgldl
LDH,,,, 3550 U/I 24,2 X 1.84
b
X
f
17.2 117
127
0,67
O

2812.2022 30.08.2023
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(Neue) zielgerichtete Theraplen der wAIHA

/Parsacllsm (PI3K& inhibitor)*

Rituximab (anti-CD20)
Belimumab (BAFF-April system mhnbutor)
Bortezomib (proteosome inhibitor)

- A Idelalisib (P13Kd inhibitor
Alemtuzumab (anti-CD52) Baratisnamabs (anti-CD3t)3)
?:‘:,F;ﬁ:’;:::{:}'g;’; inhibitor) Ibrutinib (BTK inhibitor) - Rilzabrutinib* e
iroli i- 2
‘ Venetoclax (anti-Bcl2 ) -
_ o \lanalumab* J SYNT001/ALXN1830/M281 (anti-FcRn)
o o° .. @Q
o RBC phagocytosis |

© Immune activation

cytokine secretion Antibody-and complement-

dependent cell-mediated cytotoxicity J

Spleen (ADCC)
Liver(CDC)

plasmacell

?’0;.
\(I . Anti-RBC and : \

anti-erythroblast >
‘ antibodies

Macrophage/APC

Danazol
Luspatercet

06

Complement-

Coagulation Complement
cascade cascade

mediated RBC lysis BM compensation
(reticulocytosis)
ANXO005 (C1q inhibitor) Ni . + .
A pocalimab (neonatal laufende/geplante Studien
[ APL-2 (C3 inhibitor) ] Fc receptor inhibitors)*

. L . Barcellini & Fattizzo, Blood. 2021;137:1283-1294;
© Universitatsmedizin Essen 17

Barcellini & Fattizzo, Transfusion Medicine Reviews. 2022;35:175-180. e



(%- Universitatsmedizin Essen

Universitatsklinikum

|| Hamatologie
[0 @ Leukozyten
[0 @ Erythrozyten
[0 @ Hamoglobin
-] @ Hamatokit
-] @ McV

-0 ® Thrombozyten

U Kapillarzonenelektrophorese
~[] @ Albumin (Elektrophorese)
-] @ Alpha 1-Globulin

-] @ Alpha2-Globulin

~[] © Beta-Globuiin

""" 0 ® Gamma-Globuiin

] Immunglobuline

~[] @ IgA-Serum

~[] @ IgG-Serum

-] @ IgM-Serum

~[] © IgE-Serum

~[] @ Monokl.1gG (S)

-] @ Monokl.IgA(S)

~[] @ Monokl. IgM (S)

-] @ Monokl. geb./freies Kappa
-] @ Monokl. geb./freies Lambda
-] © Freie Leichtkette Kappa

""" [0 © Freie Leichtkette Lambda
\,-~[] © Ratio Kappa/Lambda

Patientin #2, 61 Jahre

A=
8.41 i
3.01
10.4
0.297
98.7
34.6
35.0
396

68.6
4.5
54
10.6
10.9

1.6

74
3.07
36.5
negativ
negativ

negativ
8.71
10.7
0.814

Klinische Chemie
[0 © Natrium

| 0 @ Kalium
-] @ calcium

[J © Phosphat (anorg.)

[ @ S-Kreatinin (Jaffé)

<[] © S-Kreatinin (enzym.)
~-[] @ eGFR (CKD-EPI, Krea enzym.)
--[] © eGFR (MDRD, Krea enzym.)

%
%
%
%
%

afl
afl
afl
1IU/ml

mg/l
mag/l

55,8 - 66,1
2,9-49
7,1-11,8
84-13,1
11,1-18,8

04-35
6,5-16
05-3
<158
negativ
negativ
negativ
negativ
negativ
33-194
5,71-26,30
0,26 - 1,65

© Universitatsmedizin Essen

“[07© Beta 2-Mikroglobulin

[J @ Haptoglobin

[0 © Hamopexn

[J & Ferritin

[0 & Transferrin

[J @ Transfer.-Sattigung

~[] @ sTFR(I6sl. Transferrinrezeptor)

1.04
39
19
84

702
7.54
49,0
6.75
4.7

<0.4

1.3
<0.01
0.51
319
2.0
63.8
427
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mmol/l 136 - 145
mmol/l 35-51
mmol/l 2,08 - 2,65
mg/dl 2,7-45
ma/d| 0,6-1,1
mg/dl 0,51-0,95

ml/min/1 ... 60
ml/min/1 ... 60
ml/min/1 ... 60

mag/dl 6-19,8
ma/dl 2,6-6,0
pg/d 45-170

u/l 34-145
mg/dl 03-1,2
ma/dl <0,2

u/l <35

u/l <35

u/l 55-105
U/l <35

u/l 120 - 247
U/ml 49-11,9
u/l 12-53
g/dl 6,4-8,3
g/dl 3,2-4,8
mg/dl <0,5
pg/mi 125

mg/l 1-24
a/l 0,4-2,4
afl 0,5-1,15
pa/l 10-291
a/l 2,5-3,8
% 16-45
ma/l 0,76 -1,76
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Immunhamatologischer Befund

Merkmal Ergebnis

Blutgruppe unklar Rhunklar Kell unklar

Antikbrpersuchtest positiv

Direkter Coombstest unklar

Monospezifischer aCicentfallt aCad entfallt  algA entfallt  algG entfallt  algh entfallt
Direkter Coombstest

Rh-Formel unklar

Immunhamatologischer Befund

Merkmal Ergebnis

Direkter Coombstest positiv

Monospezifischer aC3c+ aC3d++++ algA- algG- alghl +++
Direkter Coombstest

Kalte Agalutinine (4°C) Titer: 128

Kalte Agalutinine (30°C) Titer: 2

Kalte Agglutinine (37°C) Titer: 0
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Sutimlimab ——

£ Hamoglobin (6500 mg) Bilirubin {gezamt) O
ofdl rngfdl
21.6 X 5.8

o
(m |
O
O o =
= o
O
15,2
x
12.0 o Fol y
g% . © o
u » 'D X |
O
1.2
0.3
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Kalteagglutininerkrankung (CAD)

THE JOURNAL OF AABB transfusion.org
Vol. 62, No. |, pp- 2,51 p. 60 p. 82
January 2022 Cold agglutinin Are we missing cases Equipping ambulances
disease is a year-round | of feto-maternal with whole blood
phenomenon hemorrhage?

N\
| Association for the
\ ) Advancement of
. Blood & Biotherapies

© Universitatsmedizin Essen  Roth et al., Transfusion. 2022;62:51-59. Ro6th & Duhrsen. Eur / Haematol. 2010;84(1):91. 20
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Kalteagglutininerkrankung (CAD)

Primdr (CAD): Autoimmunerkrankung mit zugrunde liegender Ilympho-
proliferativer B-Zell-Erkrankung (MYD88 L265P negativ)'-*

Sekundar: Kalteagglutininsyndrom (CAS) - bei malignen Erkrankung oder
akuten Infektionen' -

90% der Kalteagglutinine sind IgM-kappa und binden an Oberflachenantigene
(I) von Erythrozyten bei £37°C%4>

~Kalte” Dbezient sich primar auf die Biologie/Bindungseigenschaft der
Antikorper und nicht auf die Klinik der Patienten

IgM-Antigenkomplex aktiviert den klassischen Reaktionsweg des
Komplementsystems?

1. Berentsen S et al. Hematology. 2007;12(5):361-370. 2. Berentsen S, et al. Hematol Oncol Clin North Am. 2015;29(3):455-471. 3. Randen U et al.
Haematologica. 2014;99(3):497-504. 4. Roth A et al. Eur / Haematol. 2010;84(1):91. 5. Gertz MA. Br J Haematol. 2007;138(4):422-429.

Klinik fur Hamatologie und
Stammzelltransplantatlon
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Eigenstandige lymphoproliferative B-Zell-Erkrankung

Bone I www.nature.com/leu Leukemia X
i Eative
lyn
. REV'EW ART'CLE (\,b‘ )L, E -.\_' M) Check tor updales
Intra)
I LYMPHOMA

The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Lymphoid Neoplasms

s
Plasma cell neoplasms and other diseases with
paraproteins
Monoclonal gammopathies
Cold agglutinin disease Not previously included
IgM monoclonal gammopathy of undetermined significance (Same) )
Non-lgM monoclonal gammopathy of undetermined (Same) id
significance
Monoclonal gammopathy of renal significance Not previously included

Randen U et al. Haematologica. 2014;99(3):497-504; Alaggio et al. Leukemia (2022) 36:1720-1748.



L]

B tmionciesrcrmading + @ Klinik fir Himatologie und
Universitatsmedizin Essen .

(% Universitatsklinikum ... Stammzelltransplantation

* o Universitatsmedizin Essen

° o Westdeutsches Tumorzentrum

CAD: Pathophysiologie

Classical Lectin Alternative
pathway pathway pathway

C1 complex -

7 *
¥ IgM (cold agglutinins) 0 l

binding to C1 complex

Extravascular
hemolysis

7 (C5b-C9)

Membrane attack
complex

Intravascular

hemolysis Red blood cell
destruction
© Universitatsmedizin Essen Liver macrophages Roth et al., N Engl J Med. 2021;384(14):1323-1334. 23

phagocytose red blood cells



Zwingend erforderlich:

Probenmaterial muss bis zur Analyse bei 37°C bis 38°C gehalten werden!
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CAD: Diagnosestellung IR
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=

IgG | IgA IgM | C3c | C3d  ctl

> FRE. K8
R ol
b 'i_i, :.
- i)
0 P2
\ ‘
3 N

Chronische Hamolyse Erganzend sinnvoll:
Monospezifischer DAT * Monoklonales IgMk im Serum (selten

IgG, IgA oder A)

* K/A-Ratio > 3,5 (selten <0,9) der
B-Lymphozytenpopulation (KM)

stark positiv fiir C3d

Titer > 1:64 bei 4 °C

Kein Anhalt fur eine maligne Nachweis einer lymphoproliferativen
Erkrankung B-Zell-Erkrankung (Histologie)

« C4-Spiegel

Berentsen et al. J Blood Med. 2019;10:93-103. Roth & Duhrsen. Eur / Haematol. 2010;84(1):91.
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CAD: Klinische Prasentation

Hamolyse/Hamolytische Anamie
Fatigue
Dyspnoe
Hamoglobinurie
Ikterus

Komplement-
vermittelte Symptome'-4

Akrozyanose

Raynaud-Phdnomen Kalteagglutinin-
Livedo reticularis  /ermittelte Symptome>’

Gangran

) o o 1.Berentsen S. Br | Haematol. 2018;181(3):320-330. 2. R6th A and Duhrsen U. Eur | Haematol. 2010;84(1):91. 3. Onishi S, et al. J Cardiol Cases. 2016;15(2):43-45. 4. Jager U, et al.
© Universitatsmedizin Essen  Blood. 2019 Feb 28; 133(9): 893-901. 5. Kohlert S, et al. / Otolaryngol. 2019;48(1):52. 6. Jeskowiak A and George T. N Engl ] Med. 2013; 369:e1. 7. Sharma K and Patel A. N Engl | Med. 25
2019:381:e27.
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CAD: Thrombosen und Mortalitat

Cumulative incidence of TE among patients with CAD
and the matched comparison between 1999-2013

— Matched cohort
X
Y 15
=
1]
o
E 104 CAD cohort
1]
2
3 5
-
3J
]
O_| T T

0.0 25 55 75 100 125 150

Years after diagnosis/
cohort entry

Follow-up duration (years)

Cumulative incidence (95% CI)
CAD cohort Matched cohort

1 7.22 (2.66-14.89) 1.90(1.07-3.14)
3 9,06 (3.66-17.50) 5.33 (3.65-7.44)
5 11.54 (4.92-21.28) 7.80 (5.53-10.55)
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Kaplan-Meier survival curve for patients with CAD
and the matched comparison between 1999-2013

100+
90
80+
70
601
50
40+
301
20+
10
0_

rvival probability (%)

Su

Matched cohort
CAD cohort

Years after diagnosis/
cohort entry

Matched cohort
CAD cohort

720 580 480 352 275 208 157 113 79 44 31 28 25 10 10 O

0 1 23 456 7 8 91011 1213 14 15
F u (

7250 41 31 2117 14 9 5 2 1 1 1 1 1 0
| I
ollow-up duration (years)

Survival probability

CAD cohort Matched cohort
1 83.15% 97.71%
3 75.67% 89.83%
60.95% 82.11%

In 2013, the prevalence of CAD was 1.26 per 100,000 and the incidence rate was 0.18 per 100,000 person-years

Bylsma et al. Blood Adv. 2019;3(20):2980-2985.
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Novel Management of CAD/CAS...

TRANSFUSTON MEDICINE ILLUSTRATED

Novel management of cold agglutinin disease

Paul M. Ness, William R. Bell, and R. Sue Shirey

» e Klinik fiir Himatologie und
..’ Stammzelltransplantation
S Universitatsmedizin Essen

° » Westdeutsches Tumorzentrum

Cold agglutinin disease is an uncommon form of autoimmune hemolytic anemia. In contrast to warm autoimmune
hemolytic anemia, where patients typically respond to immunosuppressive drugs or splenectomy, the response of
cold agglutinin disease to therapy is less predictable. Some cases of cold agglutinin disease result from an underlying
lymphoproliferative disorder; the hemolytic anemia will sometimes respond to chemotherapy targeted to destroy
the malignant clone in these cases. The majority of cases of cold agglutinin disease arise following an infection with
Mycoplasma pneumoniae or a virus, such as Epstein-Barr virus. In these cases, the best therapy is to keep the patient
warm until the disease remits spontaneously.

We took care of a patient with postviral cold agglutinin disease whom we wanted to keep in an environment
heated to near body temperature; however the patient was unwilling to stay in the hospital (Bartholomew JR, Bell
WR, Shirey RS. Ann Intern Med 1987;106:243-4). One of us (W.R.B.) solved this problem by procuring an
environmental suit from the National Aeronautics and Space Administration. The suit maintains a warm
environment by recirculating the patient’s body heat. Filtered air is provided by either a bottled external source or a
compressor; carbon dioxide diffuses through the chlorinated polyethylene wall of the suit. The suit allows
ambulation and stair climbing. When necessary, a bed pan or urine bottle can be used inside the suit. In the figure,
Dr. Bell is accompanying the patient out of the hospital. The patient was followed at home, and wore the suit for
several days until the hemolysis abated.

SUBMISSION OF IMAGES

See Instructions for Authors for submission instructions.
Submit images to:

From Johns Hopkins Medical Institutions, Baltimore, Maryland.
Addpress correspondence to: Paul M. Ness, MD, Johns
Hopkins Medical Institutions, Department of Pathology, 600 N.
Wolfe Street, Carnegie 667, Baltimore, MD 21287-6667; e-mail:
pness@jhmi.edu.
Received for publication December 26, 2002; revision

Paul M. Ness, MD
Editor, TRANSFUSION
email: pness@jhmi.edu

Articles can be submitted directly online at:
received March 12, 2003, and accepted March 13, 2003. http://transfusion.manuscriptcentral.com

TRANSFUSION 2003;43:839.

Volume 43, July 2003 TRANSFUSION 839

Ness PM et al. Transfusion. 2003;43:839.
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CAD Therapie - Aligemeine Mal3hahmen

e Vermeidung kalter Temperaturen (warme Bekleidung, Vermeidung von kalten
Getranken, Eis, kalte Luft, kalte Infusionen/Transfusionen etc.)

e Supplementierung mit Folsaure (5 mg/Tag); ggf. auch Vitamin B12 und Eisen
(sofern Mangel)

e Fruhzeitige und konsequente Antibiose bakterieller Infektionen zur
Vermeidung infektgetriggerter hamolytischer Krisen

e Transfusionen (EKs, kein Plasma) sofern indiziert (Extremitat mit Zugang warm
halten; Blut- bzw. Infusionswarmer) 3—-@
e Ausreichende Hydration bei kritischer Hamolyse Q\

e Konsequente Thromboseprophylaxe bei (kritischer) Hamolyse SR
o -

Gertz. Br / Haematol. 2007;138:422-29; Berentsen et al. Hematology. 2007;12:361-70; Petz. Blood Reviews. 2008;22:1-15; Réth et al. Eur J
Haematol. 2010;84:91; Berentsen et al. Hematol Oncol Clin N Am. 2015;29:455-71; Wouters et al. Hoemtologica. 2015;100: 1388-95.
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CAD: B-Zell-gerichtete Immunchemotherapien
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Study Patients/ OR CR Hb
design Courses of o, o Ncrease,
therapy, N g/dL

Median response
duration,
Months

Study/ Drug(s)

studied Toxicity

publication

larger study

re-evaluated

L Prospective
Berentsen et al. 2004 * ’ 11 (observed
Rituximab on-randomized 27137 54 4 4.0 ( ) Low
, L Prospective
Schollkopf et al. 2006 * ’ 6.5 (observed
P Rituximab non-randomized 20/20 45 5 3.1 ( ) Low
B t t al. 2010 Fludarabine* Prospective, >66 timated e
erentsen et al. + Rituximab* non-randomized 29/29 76 21 3.1 (es Imate ) Slgnlflcant
Bendamustine* Prospective Relatively low
Berentsen et al. 2017 R ’ >>32 (observed :
+ Rituximab*  non-randomized 45/45 7140 4.0 ( ) manage-able
: : Prospective
Rossi et al. 2018 * ’ 16 (observed
Bortezomib non-randomized 19/19 32 16 2.9 ( ) Low
Berentsen et al. 2020 BE'H?U'T)‘(}JHS;QBE* Follow-up, part of a 45/45 78 53 Not >88 (estimated) Long-term: Low

*Off-Label bei CAD

Berentsen S. Blood. 2021;137:1295-1303.
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CAD: Sutimlimab

Alternative
pathway

Classical Lectin
pathway

pathway
C1 complex

Clqg

Cls

Sutimlimab binds
Cls

Sutimlimab

Sutimlimab
(formerly BIVV009)

Humanized monoclonal Ab

lgG,4 (S241P; L248E)

Inhibits classical
complement

Lectin and Alternative
pathways remain intact

IgM (cold agglutinins)
binding to C1 complex

Extravascular

hemolysis

\\

~ (C5b-C9)

Membrane attack
complex

“ Pathogen

Lysis

Red blood cell
destruction

© Universitatsmedizin Essen

Liver macrophages
phagocytose red blood cells

Roth et al., N Engl | Med. 2021,384(14):1323-1334. 30
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Sutimlimab bei CAD
Phase Il CARDINAL results from baseline to Week 1351

Data for the combined study period up to 135 weeks’ follow-up for all ongoing patientsa.?

ot R
N B

Mean (SE) hemoglobin (g/dL)
=)

o]

Haemoglobin (g/dL)

Part A Part B

o
o

(umol/L)
5

Mean (SE) bilirubin
[=]

'

Bilirubin (pmol/L)
Part A Part B

504

FACIT-Fatigue
B P
(=] "l

)
al

Mean (SE
<

N
[
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FACIT-Fatigue score

Part A Part B

D6 N DO DD P S G P @ AP SRR
Visit (Week) from baseline to Week 135
L e R D I A I AN AN SN SN SRNIN NG
n-numbers for each visit

Mean Hb increase >1 g/dL from baseline
by Week 1 and maintained stable and durable
Hb levels >11 g/dL while patients remained
on sutimlimab

2 % \'\ \’\ '}f'"»a" 0;% '55’ &; <0:\ 09 6;’ (o‘"> /\‘l{/\"”%"’)qf\q.\cséco‘%\é’\é\\\.\\'\.ci'\.oiﬁ}\é\\%%
Visit (Week) from baseline to Week 135

'\o’ '\cb '\o) '\O’ '\Lb'\/\ '\o’ '\o’ '\"b '\(o '\"b '\/\ '<\ '\(o'\/\\b@\b\%\%\%\q’@'\b\b'\/\'\/\\b\%
n-numbers for each visit

Mean total bilirubin normalised within 1-3
weeks (after 1-2 doses of sutimlimab) and was
maintained from Week 3-131 with occasional
excursions

Q.) ‘0 '\'.\ '\/\ '{,;7'1.,(" ’bol’ 05.\ br;’ /\<:’ <E/>\ °>6’ \\.\ '\'\,’b \”’%
Visit (Week) from baseline to Week 135
RPN D DO O R RO
n-numbers for each visit

7-point mean improvement in FACIT-
Fatigue by Week 1, and improvements were
consistent with a clinically meaningful change
(25)¢

Roth A, et al. N Engl | Med. 2021,;384:1323-34; Roth A, et al. Am J Hematol. 2023;98:1246-1253.
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Sutimlimab bei CAD
Phase |Il CADENZA results from baseline to Week 26

compared with placebo’

Haemoglobin (g/dL)

-@- Sutimlimab

-@- Placebo

Mean (SE) Hb {g/dL)

-]

B 1 3 5 7 9 11 13 15 17 19 21 23 23 28
Weeks

n 22 22 11 22 1% 20 17 19 17 18 19 19 18 19 19

At the treatment assessment timepoint,2
the LS mean difference between sutimlimab
and placebo groups was 2.6 (SEM, 0.4);
p<0.001

Bilirubin (pmol/L)

601  -@ Sutimimab
=@ Placebo
50
E 40
S
£ 30
o
o ULN
— 20 |
.: P T
l_-1|: -l > ¢+ : :.-*‘..{
0
B 1 3 5 7 9 11 13 15 17 19 21 23 25 25
Weeks
n 20 20 20 20 17 17 16 17 16 17 15 17 17 17 16

Mean (SE) change from baseline in total bilirubin
was -22.1 (2.5) pmol/L in the sutimlimab group,
representing a clinically meaningful decrease,
and -1.3 (3.3) pmol/L in the placebo group,
representing no meaningful impact on haemolysisP
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FACIT-Fatigue score

=& Sutimiimab

o

Mean (SE) change in FACIT-Fatigue
u

B 1 3 5 7 9 1 13 15 A7 19 21 23 2 2%
Visit (week)

n 22 22 2 2 1% 1989 18 18 17 19 19 18 19 19 19
n 20 19 1% 18 1& 19 19 18 1% 19 19 19 20 19 19

At the treatment assessment timepoint,2
the LS mean difference between sutimlimab
and placebo groups was 8.9 points (SEM, 2.5);
p<0.001¢

R6th A, et al. Blood. 2022;140:980-991.
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Asymptomatic

l

W& W

Cold agglutinin mediated AIHA
I

!

Primary CAD

Supportive
Care/Therapy ¢

Symptomatic

(anemia, transfusion, circulatory symptoms)

+ e Klinik fiir Himatologie und
.O. Stammzelltransplantation
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(hemolytic anemia)

v v

Clinical Trial Emergency Situation

(if avaiLabel) Eculizumab*
Plasmapheresis

v v

Rituximab* Sutimlimab

(375 mg/m2 weekly x 4) —¥» (6.59(<75kgBW)or7.5¢g

(+ Bendamustine* for fit ~<€— (275 kg BW) IV weekly for
patients) first 2 weeks, then g2

| ~ weeks thereafter)

v

Clinical Trial /

Experimental Treatment
BIVV020*, Ibrutinib*,
Venetoclax*

A

No Response/
l Relapse

Rituximab*
+ Bendamustine*

l Relapse

Rituximab*

+ Fludarabine* or
~ Bortezomib* mono

*Off-Label bei CAD

Modifiziert nach Jager et al. Blood Rev. 2020 May;41:100648 und Roéth. Blood. 2020 Jul 23;136(4):380-381.



Q N . Klinik fur Hamatologie und

Universitatsmedizin Essen .

\f’f) Universitatsklinikum ... Stammzelltransplantation
o g Universitdtsmedizin Essen

e . Westdeutsches Tumorzentrum

[ J [ ] ° [ ]
Sutimlimab: Therapieschema Essen
Neueinstellung
Schutzimpfungen Schutzimpfungen Auffrischimpfungen
MCV-ACWY (Nimenrix® oder Menveo®) MCV-ACWY (Nimenrix® oder Menveo®)nach 2 Monaten als alle 5-6 Jahre
Men-B (Trumenba® oder Bexsero®) Auffrischung je nach Impfstoff!
PCV-13 (Prevenar®) Men-B nach 1-6 Monaten (nach Impfstoff, Grundimmunisierung)
HiB-Mono (ActHib®) PPSV-23 (Pneumovax®) nach 2-6 Monaten als Auffrischung
Bei Neueinstellung: >
Penicillin V2 x 1 Mio IE
v pro Tag fur 2 Wochen v
1 Woche
I I /L
| | 7/ >
6500 mg oder 6500 mg oder 6500 mg oder
7500 mg nach KG 7500 mg nach KG 7500 mg nach KG
>39kg-75kg KG = 6500mg
275kg KG =7500 mg
Aufsattigung » Erhaltung
* Gewichtsabhdangige Dosierung * Nachspiilung, Nachbeobachtung 1 Stunde (bei ‘
 Keine Verddnnung notwendig Erstgabe 2 Stunden) Eﬂﬁm?
* Haltbarkeit angebrochen 72 Stunden  Halbwertszeit 21 Tage momg,'z"f;','flo.ng/.m =

im Kuhlschrank,16 Stunden bei Raumtemperatur « Erhaltung alle 2 Wochen * 2 Tage
* Intravenose Infusion bei Raumtemperatur mit  « Nach langerer Pause > 17 Tage erneute Aufsattigung “‘1:5;;;5;};;i;=;
0,22 ym-Filter Uber 1 (-2) Stunden » Wechselwirkung mit IVIG beachten NG -

1. Roth A, et al. N Engl ] Med. 2021;384:1323-34; 2. R6th A, et al. Blood. 2022;140:980-991;
ENJYAMO Fachinformation 11/2022; www.asplenie-net.org; Epidemiologisches Bulletin 2018; 34: 335-383.

Enjaymo
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CAD: Komplementinhibition

Classical Lectin Alternative
pathway pathway pathway

Factor B inhibitor

cheomplex * C ) Iptacopan*
, ¢ )I Factor D inhibitor
s- ' : ‘ ‘ Danicopan
* IgM (cold agglutining:3 InthItOI‘ @ l
C1 inhibitor binding to C1 compl@egcetacoman*
Sutimlimab '
ANXO0O05
C1-INH _ .
Extravascular C5 inhibitor
hemolysis Eculizumab, Ravulizumab,
Crovalimab

(C50-C9)
Membrane attack
complex

Intravascular * lJaufende Studien

hemolysis Red blood cell

destruction

Liver macrophages

© Universitatsmedizin Essen phagocytose red blood cells Roth et al., N Engl | Med. 2021;384(14):1323-1334. 35
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Cold Agglutinin Disease Real World EVIdENCE Registry
Globale, multinationale, prospektive, longitudinale Registerstudie, welche

Daten zum klinischen Verlauf, Therapien und Lebensqualitdt erfasst bei:
m |Individuen mit CAD oder CAS
m Geplant sind 400 Patienten an 90 Zentren

Fur weitere Informationen
& kontaktieren Sie mich bitte unter: é

. . Prof. Dr. Alexander Roth

alexander.roeth@uk-essen.de
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ZUSAI\/II\/IENFASSUNG e

e AIHAs keine harmlose Erkrankungen.
e WAIHA - Standardtherapie: Steroide + Rituximab

e CAIHA/CAD - Standartherapie Sutimlimab, ggf. Rituximab =
Bendamustin je nach Klinik

e Risiko fur thromboembolische Komplikationen bei AIHAS
e Bedeutung allgemeiner supportiver Mafinahmen

e Berucksichtigung/Evaluation relevanter Belastungen durch die
Symptome der Erkrankung und der verfiigharen
Behandlungsmoglichkeiten.

e Klinische Studien entscheidend fur Etablierung neuer Therapie!
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