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Autoimmune Hemolytic Anemia - AIHA

* Autoimmune hemolytic anemia (AIHA) is a rare disease estimated
incidence of 1-3 per 100,000/year

* AIHA is a greatly heterogeneous disease due to autoantibodies directed
against erythrocytes, with or without complement activation.

* The clinical picture ranges from mild/compensated to life-threatening
anemia, depending on the antibody’s thermal amplitude, isotype and
ability to fix complement, as well as on bone marrow compensation.

* Until few years ago, steroids, immunesuppressants and splenectomy have
been the mainstay of treatment (in wAIHA)

* More recently, several target therapies are increasingly used in the clinical
practice or are under development in clinical trial
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Test blood counts and hemolytic markers (‘I*unconjugated bilirubin, * LDH, T "
reticulocytes, 4- haptoglobin)
Perform blood smear morphology: possible spherocytes, agglutinates in CAD
Consider confounding factors of hemolytic markers (Gilbert syndrome, hypo-
haptoglobinemia, tissue necrosis or increased turnover, vitamin B12, folic or
iron deficiency)




Scheckel & Go

Hematol Oncol Clin N Am 36 (2022) 315-324

Table 3
Markers of hemolysis

Type Test Expected/Comment Intravascular Extravascular
Direct Haetoglobin Low; most specific More Less prominent
prominent
LDH__ High; not specific; isoenzyme Less Moaore prominent
1 (RBC and heart) prominent
Indirect bilirubin High; not specific Less More prominent
prominent
AST High; not specific Present in Present in both
both
Blood smear Variable according to cause: Present in Present in both
Spherocytes, elliptocytes, both
schistocytes, sickle cell, etc.
Indirect Reticulocyte count  >100 = 10%L; normal or low Present in Present in both
if hypoproliferative both
component
Mean cell volume High; from reticul ocytosis; Present in Present in both
mostly normal though both
Soluble transferrin  High (increased RBC Present in Present in both
receptor turnover); iron both
deficiency
Hemoglobin Alc Unexpectedly low (limited Present in Present in both
time for RBC glycation) both
Carboxyhemoglobin High (CO a breakdown Present in Present in both
product of heme both

metabolism)

Diagnostic approach to suspected
AIHA - 1. Hemolysis

Haptoglobin {, + LDH 1 -
95% specific for hemolysis diag

I

N haptoglobin + N LDH
92% sensitive for absence of
hemolysis

Reticulocytopenia in 20 -37%
Of pts at diagnosis

there may be confounding factors as these
laboratory tests are not highly specific !

Low haptoglobin is also observed in liver disease, prior transfusion therapy, rigorous exercise, and, rarely, in
ahaptoglobinemia, a genetic condition affecting 1:1000 whites and as many as 4% of African Americans



Test blood counts and hemolytic markers (“f*unconjugated bilirubin, 4* LDH, T
reticulocytes, J- haptoglobin)

Perform blood smear morphology: possible spherocytes, agglutinates in CAD
Consider confounding factors of hemolytic markers (Gilbert syndrome, hypo-
haptoglobinemia, tissue necrosis or increased turnover, vitamin B12, folic or
iron deficiency)
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Y
Test blood counts and hemolytic markers (“f*unconjugated bilirubin, f* LDH,T* "
reticulocytes, J- haptoglohin)

Perform blood smear morphology: possible spherocytes, agglutinates in CAD
Consider confounding factors of hemolytic markers (Gilbert syndrome, hypo-

haptoglobinemia, tissue necrosis or increased turnover, vitamin B12, folic or

iron deficiency)

Perform the direct antiglobulin test (DAT) with
monospecific antisera anti-IgG, -IgA, -lIgM, -C (C3d)
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Diagnostic approach to suspected

AIHA - 1. Hemolysis

Legend

S

\ {
Y

Antigens on the
red blood cell's
surface

Muman anti-RBC
antibody

Antihuman
antibody
(Coombs reagent)

Blood sample from a patient with The patient’s washed RBCs agglutinate: antihuman
immune mediated haemolytic anaemia: RBCs are incubated with antibodies form links between
antibodies are shown attached to antihuman antibodies RBCs by binding to the human
antigens on the RBC surface. (Coombs reagent). antibodies on the RBCs.

Direct Antiglobulin (Coombs ) Test
Detects the presence of immunoglobulins
and/or complement (C3d) on tested RBCs

IgG IgA IgM C3cJ C3d ctl
A : : st Shmte

ok

AIHA 7 n'manax np'1a - DAT

i m=

VR B [ e S =5




Warm type AIHA cold type AIHA (CAD) Mixed type AIHA Paroxysmal cold AIHA Atypical AIHA

60-70% 20-25% 5-10% 1-5% 1-5%
. o : :
(0) o
Secondary (50%) Secondary (CAS) Secondary Secondary V[\)/AT — :\Iiﬁatlve
Neoplasia (CLL, Lymphoma, ) ) arm-ig
Solid organ) MallgnancY (e.g. CLL, Infection Lymphoma, SLE
_ NHL, Solid organ) (e.g. Adenovirus, :
Immune dysregulation Infection
c YT —— Influenza A,
onnective tissue disorders (e.g. . -
SLE, Sijogren syndrome, Infection Syphilis, CMV, 1M,
Scleroderma) (e.g. Mycoplasma, VZV, Measles,
Ulcerative colitis, PBC, Y|ral Ir.]feCtlonS’ Mumps,
Sarcoidosis including IM) Mycoplasma
pneumoniae,
Immune deficiency syndromes Autoimmune disease Haemophilus
(e.g. CVID) Post-allogeneic HSCT  influenzae, E. coli)

Post transplantation

Infection

(e.g. Hepatitis C, HIV, CMV, VZV,
Pneumococcal

infection, Leishmaniasis,
Tuberculosis)

Drugs



wAIHA pathogenesis
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Extra- Vascular Hemolysis
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Indirect antiglobulin test
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Genetic factors
*HLA-B8 and BW6
*IGHV4-34, IGHV3,

and /IGKV3-20 genes
*CTLA-4 and LT-a

gene polymorphism
*Congenital
immunodeficiencies

wAIHA pathogenesis

Environmental

e [*Infections [Parvovirus B19,

R A hepatotropic virus, HIV, EBV,
CMV,Mycoplasma
pneumoniae,
Mycobacterium
tuberculosis, Brucella,
Syphilis)

(CLL, NHL,
ovarian teratoma, thymoma,

aevad !(}):Y Castelman disease)
S e e e — »Solid organ and
(O (Fsopng) "t “. o S ‘ hematopoietic stem cell

|' A :asﬂ );::?':1 f transplants

Naghh - S »Immune checkpoint
inhibitors (anti-PD-1, PD-L1
and -CTLA-4)

—

\__ (Macropnage’

Immune dysregulation

o Molecular mimicg,lgolyclonal B cell actlvatlon,l emergence of forbidden clones and

* b reakdown of both central and perlpheral tolerance unbalance of CD4+/CD25+

|_regulatory T cells (Treg) hnd CD8+ suppressor T lymphocytes, cytokine abnormalities

ure 1. Genetic, immunologic, and environmental factors involved in the pathogenesis of autoimmune hemolytic anemia (AIHA).
: chronic lymphocytic leukemia, NHL: non-Hodgkin lymphoma, PD1/-L: programmed death 1 and its ligand, CTLA-4: cytotoxic THymphocyte-associated protein 4.

Multifactorial

EXPERT REVIEW OF HEMATOLOGY
2020, WOL. 13, NO. &, 585-597

W. BARCELLINI ET AL.
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* Test blood counts and hemolytic markers (I unconjugated bilirubin, 4 LDH, ™

* Consider confounding factors of hemolytic markers (Gilbert syndrome, hypo-

.h\\\

Perform the direct antiglobulin test (DAT) with
monospecific antisera anti-IgG, -IgA, -IgM, -C (C3d)

reticulocytes, | haptoglobin)
Perform blood smear morphology: possible spherocytes, agglutinates in CAD -

haptoglobinemia, tissue necrosis or increased turnover, vitamin B12, folic or
iron deficiency)

. J L. -

| v
Cold agglutinin titer > 1/ 64 ]
) [ ¥ e v /I—f AlHA is still suspected \
perform more sensitive

wAIHA Mixed AIHA methods in reference labs

(60-70% of cases) (5-10% of cases) (washes with cold or LISS,
eluate, flow cytometry,

= ELISA, Dual-DAT, MS-DAT,
/Diagnﬂstic test if secondary forms are suspected: \ Donath-Landsteiner test,

IgGﬂ IgG+ plus C+ ] { C+ negative
g [

(20-25% of cases)

chest x-rays, abdomen ultrasound or TC scan, | Qrug-dependent AlHA 4

bone marrow evaluation (morphology, cytometry, l ~

cytogenetics, and biopsy), serum and urine 4 If DAT still negative, reconsider

electrophoresis, serum lgG, IgA and IgM levels, other causes of hemolysis

lymphocyte subpopulations by cytometry, (congenital, toxic, mechanical,

autoimmune screening (ANA, anti-DNA, anti-ENA, LAC, drugs, infections, PNH).

ACA, anti-beta2 glycoprotein 1), infectious screening

{parvovirus B19, mycoplasma pneumonia, f

mycobacterium tuberculosis, brucellosis, syphilis, EBV, { If all negative )
QMU, hepatotropic virus, HIV, SARS-CoV-2) / \ .

DAT-negative AIHA
Consider DAT positive for alloantibodies in recently (5-10% of cases) |

transfused patients

Consider a false positive DAT (hypergamma-
globulinemia, paraproteins. therapy with Ivig or
Kdaratu mumab) /
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wAIHA

Nol 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

. 1000 mg on days 1and 15
Failure esponse
r l Response Failure
Rapid tapering and v
discontinuation of Pred.
Rituximab 375 mg/m? weekly Start slow taper of Pred after 2-3 waeks
for 4 weeks, OR
1000 mg on days 1 and 15. Sustained | Loss of - - A :
Considectreating associated response | response thuxu;nab if not given in the 1*'line.
di : od AIHA. Considerrepeating initial treatment.
B L meC R Considertreating associated

Y

= Follow-up

Response Stoptreatment | | Stop Pred within ~8 months |

= Follow-up

disease in secondary wAIHA.

Re'spaﬁﬁe

-~

Failure

Y

Failure
v

A

y

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

Failure

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

Berentsen et al
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wAIHA

Not severe Severe (Hb<8 gidL, 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 for 4 weeks, OR
1000 mg on days 1 and 15
Failure Response
(D' . j 'n) Jn' 'j r Response Failure
TNl UO YIT OI_”U — Rapid tapering and v L4
sagontinuation of Pred.
1 S | 1
71N0 NN'MD DN — Y 719'0 |7 = o Start slow taper of Pred after 2-3 weeks
for 4 weeks, O
111 1000 mg on days 1and 15. \-wg\ Loss of Rituximab if not given in the 1=!i
Moy TR [ | ke | St | S O L0
I i bl DL b A Considertreating associated
¥ disease in secondary wAIHA.
Response | Stoptreatment | | Stop Pred within ~8 months | Response
“1 = Follow-up = Follow-up B
Failure Failre
¥ \ L 4
NIDWYT7 X7 Consider unspecific immunosuppresion (azathioprine, mycophenolate, CyA, etc.): splenectomy; or clinical trail.
n'1e 'n Faikwe
? nwynM |7 TAa1 I7 19'0 Consider splenectomy if not done in previous line.
) I'0'[9NVIX Consider ESA + long-term low-dose Pred (<10 mg/day); bortezomib-based combination; clinical trial




Rituximab? '\

1%t line

Folic acid supplementation
rEPO if reticulocytopenia
Transfusions in acute and symptomatic patients
Prophylactic anticoagulation if severe hemolysis
(LDH > 1.5 x ULN and Hb <8 g/dL)

'

Steroids (prednisone 1 mg/kg/day for 3 weeks) then
slow tapering and stop in 4-6 months
Consider adjunctive IVIG if no response to steroids
and/or transfusions

In severe cases (Hb <8 g/dL) consider high dose steroids
and PEXif no response to steroids and/or transfusions

- ‘ -

| Mo Re cnonen |

| MNo Response |

£ 1
—1 Response |

Alternative
immuno-
suppressants

Splenectomy

[ ST a
WEaWw

| [ Response |
! WEW

| Response |

(if <65 years &no —* [ ARESPOnSE i
WEW

comorbidities)

Consider new/experimental treatments or clinical trials:

SyK inhibitors (fostamatinib, sovleplenib)

Other (ianalumab, obexelimab, povetacicept, nipocalimab)

B cell-directed therapies ( parsaclisib, ibrutinib, rilzabrutinib, zanubrutininb)
Plasma cell-directed therapies (bortezomib, daratumumab)

Figure 2. Therapeutic algorithm of warm autoimmune hemolytic anemia (wAIHA). IVIG, intravenous immunoglobulins; PEX, plasma
exchange; rEPO, recombinant erythropoietin; ULN, upper limit of normal; W&W, wait and watch.

Management of autoimmune hemolytic anemia

‘Wilma Barcellini' and Bruno Fattizzo'?
TFondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, italy; and Department of Oncology and Hemato-Oncology, University of

Milan, Milan, Italy

ASH educational 2025
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Steroid —sparing Agents
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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
+ fituximab 375 mg/m? weekly for4 weeks, OR
1000 mg on days 1and 15
Failure Response
r Response Failure
Rapid tapering and ¥ l
discontinuation of Pred,
Rituximab 375 mg/m2 weekly Start slow taper of Pred after 2.3 weeks
for 4 weeks, OR
1000 mg on days 1and 15. ~
FRE | S | Lo Rituximab if not given n the 1% lne.
d.° qm';%“”;'ﬁ i » Considerrapeating initial treatment.
IR0 AL FCCRCNIY Considertreating associated
Y disease in secondary wAIHA.
Response Stoptreatment | | Stop Pred within ~8 months | Response
“1 = Follow-up = Follow-up e
Failure Faikre
¥ ¥ ¥

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

l Failure

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




Route of

Drug Phase/status Mechanism of action administration Efficacy

Agents targeting B-cells

Parsaclisib Phase 2/3 PI3K inhibitor Oral 75% response rates in a phase 2 study of
rel/ref wAlHA. Phase 3 study withhold.

Ibrutinib/rilzabrutinib Phase 2 BTK inhibitor Oral Effective in reducing AIHA flares in CLL
patients. Phase 2 of rilzabrutinib in
primary rel/ref wAlHA showed a 64%
response rate.

Obexelimab Phase 2/3 Anti-CD19 and FeyRllb bispecific MoAb | IV/SC /A

Drug Phase /status Mechanism of action i ol Efficacy

administration

Inhibitors of lgG-mediated extravascular hemolysis

Fostamatinib Phase 2/3 SyK inhibitor Oral 45% of patients responded in phase 2;
35.6% of fostamatinib treated patients
achieved a durable Hb response
=10 g,/dL at week 24 vs 246.7% on placebo
in phase 3.

Sovleplenib Phase 2,/3 SyK inhibitor Oral &7% of sovleplenib treated patients had
a Hb response versus 0% on placebo.

MNipocalimab Phase 3 Anti-FcRn MoAb IV Phase 3 study for rel/ref wAlHAs.

Mo results posted.

Complement inhibitors

Pegcetacoplan Phase 2 C3 inhibitor SC About 1/3 of wAlHA patients with
lgG+C3d+DAT responded in a phase 2
study

ANX005 Phase 2 Anti-Clg MoAb v The study included IgG+C3+wAlIHA,

withhold.

All trials enrolled a variable proportion of patients relapsed /refractory to first (steroids with or without IVIG) or second line therapy (rituximab,
splenectomy, immunosuppressants). APRIL, a proliferation-induced signal; BAFF, B-cell activating factor; BTK, Bruton's tyrosine kinase; FoyRIlb,
inhibitory Fc gamma receptor; FcRn, neonatal Fc receptor; IV, intravenous; MoAb, monoclonal antibody; PIZ3K, phosphoinositide 3-kinase; rel /ref,
relapsed refractory to first- or second-line therapy; SC, subcutaneous; SyK, spleen tyrosine kinase.

mmune hemolytic anemia

Milan, italy; and “Department of Oncology and Hemato-Oncology, University of

025



Standard therapies

@ Immune activation
O  cytokine secretion

o

Coagulation Complement
cascade cascade

Y . .
o ' o

o W el 4 2\ w

® - ymphocyte |‘ T»’))) /, 9
” T lymphocyte
O ( plasmacell

Macrophage/APC Y‘ ‘ anti-erythroblast

I antibodies

REC phagocytosis
ADCC/ CDC

06

ANXO005 (C1q inhibitor)
APL-2 (C3 inhibitor)

J RBC lys.s

[ steroids azathioprine, cyclosporine, cyclophosphamide splenectomy ]
v v v v
i >N
Target theraples '/Rituximab (anti-CD20)
Belimumab (BAFF-April system inhibitor)
- Bortezomib (proteosome inhibitor)

Alemtuzumab (anti-CD52) Idelalisib (PI3Kd inhibitor)

MMF (purine synthesis inhibitor) Daratumumab (anti-CD38)

Sirolimus {anti-mTOR) Ibrutinib (BTK inhibitor) Fostamatmlb (Syk inhibitor)
Venetoclax (anti-Bcl2 ) SYNTOOI/ALXN1 830/M281 (anti-FcRn)

~

J

4

Spleen (ADCC)
Liver(cDC)

.’

BM compensation
(reticulocytosis)

Figure 3. Standard and target therapies for wAHA. This figure represents the varous immunologic mecdchanisms inwehed in AIHA pathogenesis, including macophages,
T and B lynphootes, cytokines, activation of the complement cascade, ADCC in the splesn, andfor complement-dependent oytatosddty (CDC) in the liver, and lad of BM
compensation. Standard thespies include steroids and immunosuppressors that do not act spedfically on the varous mechanisma and splenectomy. Target therapies are
directed against specific immunological mechanisms. APC, antigen-presenting cell; BAFF, B-cell-activating factor; BTE, Bruton tyrosine kinzse; CAD, cold aggutinin dise sse;
M, membrane attack comples:; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamydn; PI3K, phosphoinositide 3-kinase; Syk, spleen tyrosine kinase.
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Warm type AIHA
60-70%

Primary (50%)

Secondary (50%)

Neoplasia (CLL, Lymphoma,
Solid organ)

Immune dysregulation

Connective tissue disorders (e.g.

SLE, Sijogren syndrome,
Scleroderma)

Ulcerative colitis, PBC,
Sarcoidosis

Immune deficiency syndromes

(e.g. CVID)

Post transplantation

Infection

(e.g. Hepatitis C, HIV, CMV, VZV,
Pneumococcal

infection, Leishmaniasis,
Tuberculosis)

Drugs

cold type AIHA
20-25%

Primary (CAD)

Secondary (CAS)

Malignancy (e.g. CLL,
NHL, Solid organ)

Infection

(e.g. Mycoplasma,
Viral infections,
including IM)

Autoimmune disease

Post-allogeneic HSCT

Mixed type AIHA Paroxysmal cold AIHA Atypical AIHA
5-10% 1-5% 1-5%
1gA,
Secondary Secondary DAT - Negative
, Warm-igM
Infection Lymphoma’ SLE
(e.g. Adenovirus, ,
Infection
Influenza A,

Syphilis, CMV, IM,
VZV, Measles,
Mumps,
Mycoplasma
pneumoniae,
Haemophilus
influenzae, E. coli)




CAD — RetrOS peCtive StUdy (Berentsen S, et al Blood. 2020,-136(4))

e 232 CAD pts with a median follow-up of 6 years, median age at
diagnosis was 68 years (range 33—96) with a 60% of patients
diagnosed within 1 year of clinical onset but with the longest time to
diagnosis of 32 years.

* Median hemoglobin at onset was 9.3 g/dL (range 4.5-15.3) with 27%
of patients having Hb <8 g/dL

* The main symptoms, about 70% of patients had hemolytic anemia
with no or mild peripheral circulatory symptoms, 21% hemolytic
anemia with severe circulatory symptoms, and 9% circulatory
symptoms with compensated hemolysis.



CAD — RetrOSDECtive StUdy (Berentsen S, et al Blood. 2020,-136(4))

* Around half of patients required transfusions during the chronic
course/acute exacerbations of the disease

* Fatigue is a hallmark of chronic CAD, greater than expected for a given
hemoglobin value, possibly related to continuous complement
activation and production of pro-inflammatory mediators.

* An increased risk of thrombosis has been reported in this disease as
in other complement-mediated hemolytic conditions



Cold Agglutinin Disease (CAD)

* AIHA (chronic hemolysis + exacerbations )

Mean: Mean:
LDH 534 U/L LDH 450 U/L
Bilirubin 47 umol/L Bilirubin 43 pmol/L
IgM 5.5 g/L IgM 4.2 g/L
Severe anemia
(Hb < 8.0 g/dL)
27%

Moderate anemia
(Hb 8.0-10.0 g/dL)

Compensated 37%
hemolysis
(Hb > LLN)
e Mild i

Mean: Ild anemia Mean:
LDH 291 UL (Hb 10.0g/dL - LLN) LDH 385 UL
Bilirubin 31 umol/L 24% Bilirubin 37 umol/L
IgM 5.8 g/L IgM 6.7 g/L

FIGURE 4 | Severity of anemia in cold agglutinin disease (percentages of patients). Severity of anemia correlates nicely with markers of hemolysis (LDH and bilirubin
levels), but not with IgM levels, which may be associated with complement-independent RBC agglutinating activity as well as complement-mediated hemolysis. Hb,
hemoglobin level; LDH, lactate dehydrogenase; LLN, lower limit of normal (Hb 11.5 g/dL in women and 12.5 g/dL in men). Based on data from Berentsen et al. (18).




Cold Agglutinin Disease (CAD)

* AIHA (chronic hemolysis + exacerbations )

* a specific clonal B-cell disorder of the bone marrow, and a
monoclonal gammopathy of clinical significance



Cold Agglutinin Disease (CAD)

* a specific clonal B-cell disorder of the bone marrow, and a
monoclonal gammopathy of clinical significance

Infiltrates of mature lymphoid
cells expressing B-cell markers

Recurrent molecular changes mutations:
of KMT2D (69% of samples)
CARD11 (31%), while the

frequent cytogenetic abnormality:
Trisomy 3 combined with trisomy

YQ\;“ P L
Figure 1. Cold agglutinin-associated lymphoproliferative bone marrow disorder. A, B. Bone marrow trephine biopsy showing inter-
trabecular nodular lymphoid lesions (hematoxylin-eosin staining, 50x and 280x, respectively). C. CD20 staining shows nodular and MYD88 Lz 65 P m utatio n

diffuse infiltration of B cells (35x). D. IgM-positive B cells within the infiltrate; scattered IgM-positive plasma cells around the infiltrate

and diffuse throughout the bone marrow (145x). Courtesy of Dr. Ulla Randen Haave. IgM, immunoglobulin M. . . .
is typically not found in CAD



LYMPHOMA

The 5th edition of the World Health Organization Classification

of Haematolymphoid Tumours: Lymphoid Neoplasms

WHO Classification, 5" edition WHO Classification, revised 4™ edition

Plasma cell neoplasms and other diseases with
paraproteins

Monoclonal gammopathies

Cold agglutinin disease

Not previously included

IgM monoclonal gammopathy of undetermined significance

Non-lgM monoclonal gammopathy of undetermined
significance

Monoclonal gammopathy of renal significance

Diseases with monoclonal immunoglobulin deposition

(Same)

(Same)

Not previously included

IIUHIUUUIIII UCPU.}ILD arc HIUUPCU LU'I:’CI.IICI. e IICI:l\I')" rrannn

diseases (HCD) are now included in the plasma cell neoplasms
section.

Cold agglutinin disease (CAD) is an autoimmune haemolytic
anemia mediated by monoclonal cold agglutinins and driven by
an underlying clonal B-cell lymphoid proliferation not fulfilling
criteria for a B-cell lymphoma. The annual incidence of this rare
disease is estimated at 1-1.8 per million; its prevalence is four-fold
higher in colder countries [182-184]. Monoclonal gammopathy
of renal significance (MGRS) represents a plasma cell or B-cell
proliferation that does not meet accepted criteria for malignancy

bat carratac a3 manaclanal immrmomnaalabholin A iraAeonAaalakbaalin

Leukemia (2022) 36:1720-1748



Cold Agglutinin Diseaes (CAD) pathogenesis
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Peripheral circulation Core circulation

(1l temperature) ( 1] temperature)

Phagocytosi
liver MPs)

C3b receptor




NINJ2N - CAD

A negative DAT for C3 rules out CAD (and CAS)!!!

Table 1. Diagnostic criteria for CAD

Level

Criteria

Procedures and comments

Required for diagnosis

Chronic hemolysis

As assessed by high bilirubin, low haptoglobin, high LDH, and,
often, high absolute reticulocyte count

Monospecific DAT strongly positive for C3d

DAT is usually negative for IgG but occasionally weakly positive

Cold agglutinin titer zé4 at 4°C

Specimen must be kept at 37-38°C from sampling until
serum/plasma has been removed from the clot/cell pellet

Mo overt malignant disease or relevant infection

Clinical assessment for malignancy. Radiclogy as required.
Exclude recent infection with Mycoplasma or Epstein-Barr virus

Confirmative criteria not
required for diagnosis

Monoclonal IgMk in plasma,/serum
(or, rarely, IgG or A phenotype)

Specimen must be kept at 37-38°C from sampling until
serum/plasma has been removed from the clot/cell pellet

Ratio between k- and A- positive B cells =3.5
(or, rarely, =0.9)

Flow cytometry in bone marrow aspirate

Cold agglutinin-associated lymphoproliferative
disorder by histopathaology

Bone marrow biopsy

MYD88 L245P mutation not found

As assessed in bone marrow

CAD, cold agglutinin disease;

DAT, direct antiglobulin test; IgMk, immunoglobulin M kappa; LDH, lactate dehydrogenase.

* Clinical assessment should not be
forgotten:

CAD or CAS should be suspected in patients

with cold induced circulatory symptoms

and hemolytic anemia, although circulatory

Symptoms are absent in 20% to 50% of

patients

* Blood smear

Diagnosis and management of
cold agglutinin disease

Sigbjern Berentsen

| Hematology 2025 | ASH Education Program
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CAD diagnosis

Asymptomatic disease or very mild symptoms Symptomatic anemia, fatigue, or bothersome circulatory symptoms
¥
Watch and wait. Thermal protection Treat
Fulminant hemolysis Moderate to severe hemolytic anemia Hemolytic anemia Marked CICS with
il 3 with no or very mild CICS with marked CICS compensated hemaolysis

Prefer sutimlimab if available
If not,

- consider eculizumab

- consider plasmapheresis =* BR Consider R in frail patients

Consider sutimlimab
Consider BR in fit patients

Consider clinical trial

Prefer B-cell directed therapy: B-cell directed therapy:
- Consider BR in fit patients - Consider BR in fit patients with severe symptoms
- Consider R in frail patients or mild disease - Consider R in frail patients or mild disease
Consider clinical trial Consider clinical trial
Response to first-line therapy Failure on first-line therapy »| If treated with BR or R:
"I" 4’ Wait for late response
It treated with sutimlimab: Consider options not used first-line Failure
Continue indefinitely or «bridge» to B-cell directed therapy | | Consider ibrutinib or bortezomib-based therapy
It treated with BR or R: Stop therapy after 4 cycles Consider clinical trial &

219'0 - CAD

Figure é. Therapeutic algorithm in CAD. BR, bendamustine plus rituximab; CICS, cold-induced circulatory symptoms; R, rituximab

monotherapy.

Diagnosis and management of
cold agglutinin disease

Sigbjern Berentsen

Hematology 2025 | ASH Education Program



Sutimlimab for treatment of cold agglutinin

disease: why, how and for whom?
Sigbjern Berentsen* " Wilma Barcellini?, Shirley D'Sa® & Bernd Jilma*

Graphical abstract:

‘ Potential indications for sutimlimab in cold agglutinin disease

Timely response to
treatment needed

B-cell
E reductive
/ therapy

Hemoglobin

Treatment because of
circulatory symptoms

‘,\Lz’]- \ B"‘"‘“""/

/
Acute exacerbation

requiring immediate
treatment effect

Factors that
favor B-cell

directed
therapy

Hemoglobin
T

‘Sutimimad |
Factors that favour s
timlimat ‘Bridging therapy’ Immunochemotherapy
aie Husapy (e.g. to rituximab) failed or contraindicated

Immunotherapy (2022) 14(15), 1191-1204



B cell directed therapy

e Rituximab monotherapy is still the most used option

e Overall response rate (ORR) ~ 50%, very few complete responses (CR), median
response duration >1 year

* Rituximab plus bendamustine combination therapy (a prospective
uncontrolled trial)

* 71% ORR and 40% CR rate, which increased to 78% and 53%,
respectively, after longer observation, median response duration

e was more than 88 months.



Table 2. Novel drugs for cold agglutinin disease (CAD)

Drug Phase/status Target Comments

Plasma cell targeting agents

Bortezomib Phase 2/case Proteasome 30% response after one course; some patients repeated treatment
re ports inhibitor with efficacy

Daratumumab/ Case reports Anti-CD38 MoAb Case reports of daratumumab efficacy in severe multi-refractory

Isatuximab CAD. Efficacy on cold induced symptoms reported

B-cell targeting agents

Ibrutinib Retrospective BTK inhibitor Effective in a recent case series of 15 patients, 4 CAD and 11 CAS.
study 13 responded, 2 died due to underlying disease. Benefit on
peripheral symptoms too
Parsaclisib Phase 2/3 PI3K inhibitor 64% response rates in a phase 2 study of rel/ref wAIHA and CAD.
Phase 3 study withhold
Complement inhibitors
Eculizumab Phase 2 study Anti-C5 MoAb  Improved hemolysis and transfusion need in about 1/3 of CAD
patients. No effect on peripheral symptoms
Sutimlimab FDA and EMA Anti-C1s MoAb  =80% anemia response in two phase 3 studies open label and
approved placebo controlled. No effect on peripheral symptoms
Riliprubart Phase 1b Anti-active C1s  Rapid and sustained improvement of hemoglobin and bilirubin
MoAb
Pegcetacoplan Phase 2/3 C3 inhibitor About 2/3 of CAD patients responded in the phase 2 study. A
phase 3 study was withheld
Iptacopan Phase 1 Factor B /
inhibitor

Transfus Med Hemother 2024;51:321-331
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