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Autoimmune hemolytic anemia (AIHA) is defined as increased 
destruction of red cells through autoimmune mechanisms, usually mediated 
by autoantibodies against erythrocyte surface antigens.1-3 During the past 

decade, important new findings have emerged regarding the cause, pathogenesis, 
diagnosis, and treatment of this group of disorders. Historically, clinical practice 
was based on theoretical considerations, case reports, and expert opinion, but more 
recently, several prospective and other systematic clinical studies have been con-
ducted. The first international consensus on diagnosis and therapy was published 
in 2020,1 and British guidelines have also been reported.4,5 Challenges remain, how-
ever, including a wider application of current knowledge, an improved understand-
ing of pathogenesis, development of new therapies, and management of refractory 
cases. AIHA is a common term for several diseases that differ from one another 
with respect to cause, pathogenesis, and clinical presentation, and the individual 
disorders should be addressed according to these differences (Table 1).1,6,7

Wa r m A IH A

In warm AIHA, antibodies have the highest affinity to the antigen at 37°C. The 
autoantibodies are polyclonal (i.e., produced by nonclonal B lymphocytes and 
plasma cells).1,8 They are usually of the IgG class, but IgM warm antibodies may 
be involved, and in rare cases, IgA warm antibodies may be involved.3,8-10

The pathogenesis of warm AIHA is complex (Fig. 1). The mononuclear 
phagocytic system in the spleen plays a major role in the breakdown of opsonized 
erythrocytes (extravascular hemolysis).11,12 The complement system, activated by 
the classical pathway, is involved in approximately half the cases.6,13 Most of the 
complement-mediated erythrocyte destruction occurs through phagocytosis of 
complement fragment 3b (C3b)–coated cells (extravascular hemolysis). To a lesser 
extent, cleavage of C5 and activation of the terminal complement cascade may 
occur, resulting in formation of the membrane attack complex and intravascular 
hemolysis. The pathogenesis of this disorder also involves the T-lymphocyte 
system.14-16 The signal substance cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
activates regulatory T cells, which are critical for immune tolerance.17 Polymor-
phism of the CTLA-4 gene can confer a predisposition to immunologic disorders, 
including autoimmune cytopenias.15 The programmed cell death 1 (PD-1) signal 
pathway is another checkpoint for immune tolerance, and pharmacologic inhibi-
tion of PD-1 carries an increased risk of autoimmune disease.18

In nearly 50% of cases of warm AIHA, no underlying or associated disorder can 
be identified, and the hemolytic disease is classified as primary.1,6 Slightly more 
than 50% of the cases are secondary to immunologic or lymphoproliferative 
disorders (e.g., chronic lymphocytic leukemia, systemic lupus erythematosus, or 
common variable immunodeficiency).5,6,14,19 Occasionally, a lymphoproliferative 
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1. Epidémiologie AHAI: quoi de neuf ?
Prévalence Incidence Age médian Sex ratio

(F/H)
Mortalité

AHAI toutes
confondues

? 2,44 / 100 0001 * (France) !
1,8/100 000 (Danemark)

(en augmentation ++)
69,5 ans1 

[ICQ: 51-81]
55% F 1

40 % à 5 ans 1
15% à 5 ans1 AHAI Iaire

entre 15 et 64 ans

AHAI à Ac. 
chauds 17/100 000 2 ? 58 ans 50 à 60% 8-21%5,6

MAF 1,26/100 000 
(Danemark)

entre 0,5 et 20 / 100 000
avec un gradient 

décroissant Nord-Sud

0,18/100 000 2,3

(estimée entre 0,28 et 1,5 / 106)4

Variabilité saisonnière ++
67 ans 2F/1H

39% à 5 ans 3
Mortalité

accrue / pop.Gle: 
adjusted hazard ratio 

[aHR], 1.84; 95% 
confidence interval [CI], 

1.10-3.06; P 5 .020

1. Maquet J et al. Am J Hematol 2021 2. Hansen DL et al. Clin. Epidemiol 2020
3. Byslma SC et al. Blood Adv 2019 4. Berentsen S. et al. Blood 2020; 136:480-88
5. Barcellini W et al; Blood 2014. 6. Roumier M et al. Am J Hematol 2014

MAF: risque de thrombose à 5 ans ≈ 
11,5% vs 5,8% pop. contrôle appariée 3
Moindre que pour AHA chaude ~ 20%  
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Epidemiology of autoimmune
hemolytic anemia: A
nationwide population-based
study in France

To the Editor:

Autoimmune hemolytic anemia (AIHA) is characterized by the destruc-

tion of red blood cells by warm or cold autoantibodies. Its epidemiol-

ogy is not well known. The incidence rate of AIHA has been estimated

at 1.77 per 100 000 person-years between 2008 and 2016 in Den-

mark.1 However, these results need to be confirmed and variations by

age and sex are not known. The main causes of secondary AIHA

among adults are hematological malignancies and especially B-cell

lymphomas, systemic autoimmune diseases and some chronic infec-

tions.2 However, their prevalences deserve to be evaluated on a large

scale with recent data. Mortality has been estimated in retrospective

clinical cohorts between 8 and 21% in adults, with median or mean

follow-ups between 1.8 and 3.3 years.2,3 However, mortality com-

pared to the general population, as well as mortality over time, are not

established. Moreover, AIHA has been associated with an increased

risk of venous thrombosis.2,3 The cumulative incidence of arterial

thrombosis has not been measured. Infections, including opportunistic

infections, are also expected to be more frequent in patients with

AIHA.3 This study aimed to assess the overall incidence rate of AIHA

in France, the incidence rate by age, sex and seasons, the prevalence

of secondary AIHA causes, mortality and the cumulative incidence of

hospitalization for thrombosis and infections compared to the general

population.

The data source was the French health insurance database,

named Système National des Données de Santé (SNDS). This database

links individualized and anonymous data covering the entire French

population (>66 million inhabitants) including sociodemographics, out-

hospital and hospital data.4 Data from 2010 to 2018 were available.

We built the AHEAD cohort (Autoimmune HEmolytic Anemia: a

population-baseD study), including all patients with an incident AIHA

in France between 2012 and 2017. Patients with AIHA were identi-

fied using the international classification of disease, tenth version

(ICD-10) code D59.1 as hospital discharge diagnosis or long-term

disease. This code yielded a positive predictive value (PPV) of 90.0%

in the SNDS.5 The date of AIHA diagnosis (index date) was defined by

the first occurrence of D59.1 code after a prior observation period of

at least 2 years. Warm and cold AIHA are not distinguishable in the

SNDS. Each patient was matched on year of birth, sex and index date

to five comparisons randomly selected from the general French popu-

lation. Causes of secondary AIHA were searched during the year

before the diagnosis of AIHA using specific long-term disease and

hospital discharge diagnosis codes (Table S1). Evans syndrome,

defined with the ICD-10 code D69.3 of immune thrombocytopenia,

was described separately. The included population was subdivided

into three subgroups defined at index date: primary AIHA, secondary

AIHA associated with hematological malignancies and other second-

ary AIHAs. Death and first hospitalization for thrombosis and for

infection were assessed between the index date and December

31, 2018 (end of follow-up). They were identified in the SNDS by pri-

mary hospital discharge diagnoses using appropriate ICD-10 codes

(PPVs indicated in Tables S2 and S3). Statistical analyses are detailed

in supplementary material.

We identified 9663 patients with incident AIHA between 2012

and 2017. Patients were matched with 47 700 comparisons. Patients’
and comparisons’ characteristics are described in Table S4. The

median age was 69.5 years and 55.6% of patients were women. Evans

syndrome represented 5.8% of AIHAs. The Charlson comorbidity

index score was ≥3 in 42.4% of patients with AIHA versus 13.6% of

comparisons (Table S5).

The overall incidence rate of AIHA was 2.44 per 100 000 person-

years (95% confidence interval – 95% CI: 2.39 to 2.48). The incidence

rate of AIHA was more than 10 times higher in the elderly (≥75 years)

than in people aged <50 years (Figure S1). It was higher in women

than in men between 15 and 45 years of age. The same pattern was

observed for primary AIHAs (Figure S2). Incidence rates of AIHA by

months revealed a trend for a higher incidence rate during winter

(Figures S3 and S4).

Note, AIHA was primary in 55.2% of the cases at the time of

AIHA diagnosis. In adults, AIHA was associated with hematological

malignancy in 31.9%, including lymphoma in 24.1%, B-cell chronic

lymphocytic leukemia in 11.3% and myelodysplastic syndrome in

5.4%. Systemic lupus erythematosus accounted for 5.3% of AIHA

in adults (Table S6).

During follow-up (27 682 patient-years and 173 370 comparisons-

years; median follow-up: 31 months and 43 months, respectively), 3354

patients died, 956 had a hospitalization for thrombosis and 3278 for infec-

tion. The categories of thrombosis and infection are shown in Tables S7

and S8, respectively. Infections were opportunistic in 180 patients (5.5%),

including 65 Pneumocystis jirovecii pneumonias and 32 zosters.

The 1-year mortality was 20.5% (95% CI: 19.7 to 21.3) in AIHA

(primary AIHA: 17.9%, 95% CI: 16.8 to 18.9), versus 3.3% (95% CI: 3.1

to 3.5) in comparisons (Figure 1, Table S9 and Figure S5). The hazard

ratio (HR) of death adjusted for Charlson comorbidity index score was

3.3 (95% CI: 3.1 to 3.4). It was 2.9 (95% CI: 2.7 to 3.1) in primary

AIHA. We observed a higher mortality in all categories of age. The

5-year mortality was 18.2% (95% CI: 16.7 to 19.7) in patients with
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Overcoming TKI resistance in
a patient with chronic myeloid
leukemia using combination
BCR-ABL inhibition with
asciminib and bosutinib

To the Editor:

A 43-year-old female was diagnosed with chronic myeloid leukemia

in chronic phase (CML-CP) in 2001 when she presented with leuko-

cytosis and a subsequent bone marrow biopsy confirmed the pres-

ence of BCR-ABL1 t(9;22) fusion oncogene. She was initially treated

with interferon alpha and cytarabine before being placed on imatinib

once commercially available. She achieved hematologic remission

without cytogenetic remission of her CML with an imatinib dose of

800 mg per day. She experienced progressive disease in 2008, and a

BCR-ABL1 kinase mutation analysis demonstrated the presence of a

F317L mutation. Subsequently, she was switched from imatinib to

nilotinib dosed at 400 mg twice daily and achieved a hematological

remission with a partial cytogenetic response. She continued on

nilotinib until mid-2015 but unfortunately lost hematologic remission

and was switched to dasatinib. However, dasatinib was relatively

ineffective in controlling her leukocytosis, likely due to the presence

of the F317L mutation. Thus, she switched to bosutinib 500 mg per

day in August 2015. While taking bosutinib she developed

angioedema in her lower lip and hives on her forehead. Fortunately

she did not have any further angioedema events and was able to con-

tinue therapy with use of daily oral antihistamines. The patient

reached and maintained a complete hematologic response on

bosutinib, although her BCR-ABL1 transcript detected via polymerase

chain reaction (PCR) remained in the 2%–6% range despite increasing

the dose up to 600 mg daily. A tyrosine kinase inhibitor (TKI) domain
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• Données issues du Système National des Données de Santé (SNDS)
2010-18

• Cohorte AHEAD incluant tous les cas incidents d’AHAI entre 2012
et 2017 (code ICD-10:  D59.1 => VVP 90% en sortie d’hospitalisation) 
ou ALD => N = 9 663 patients

• Pas de distinction entre AHAI à Ac. “chauds” ou “froids”
• Identification des cas d’AHAI IIaires selon codes ICD-10 dans l’année

suivant le diagnostic d’AHAI
• Données des patients  comparées à celles de 5 témoins issus de la 

pop. Gle appariées sur âge et sexe et par département (n = 47 700)
• Incidence de thromboses veineuses / artérielles et infections sévères

AIHA between 15 and 65 years old versus 2.4% (95% CI: 2.1 to 2.7) in

comparisons of the same age (Figure S6).

The 1-year cumulative incidence of hospitalization for thrombosis

was 6.0% (95% CI: 5.6 to 6.5) in AIHA (in primary AIHA: 5.7%, 95%

CI: 5.1 to 6.4) versus 1.8% (95% CI: 1.7 to 1.9) in comparisons

(Figure S7 and Table S10). The subdistribution HR (sHR) of hospitali-

zation for thrombosis was 1.9 (95% CI: 1.8 to 2.0). The increased risk

of hospitalization for thrombosis was observed for both arterial and

venous events (Figure S8), in all categories of age (Figures S5 and S6).

The risk increased with higher age, more for arterial thrombosis than

for venous thrombosis.

The 1-year cumulative incidence of hospitalization for infection

was 22.9% (95% CI: 22.1 to 23.8) in AIHA (in primary AIHA: 20.9%,

95% CI: 19.8 to 22.0) versus 3.5% (95% CI: 3.3 to 3.6) in comparisons

(Figure S7 and Table S11). The sHR of hospitalization for infection

was 4.1 (95% CI: 3.9 to 4.3). The cumulative incidences of hospitaliza-

tion for infection in patients were similar across age groups, and

higher than in comparisons in all categories of age (Figures S5 and S6).

This nationwide study with recent data (2012–2017) consisted in

the largest cohort of patients with incident AIHA to date (9663

patients). The incidence rate of AIHA was estimated at 2.4 per

100 000 person-years (95% CI: 2.4 to 2.5) and was more than 10 times

higher in the elderly and the very elderly compared to people under

50 years of age. The size of the cohort allowed incidence rate calcula-

tions by months and age subgroups. In addition, this study confirmed

that AIHA patients have a high risk of death, hospitalization for

thrombosis and for infection compared to the general population.

The overall incidence rate was slightly higher in our study than in

Denmark between 2008 and 2016 (1.8 per 100 000 person-years,

95% CI: 1.7 to 1.9).1 Of note, patients with a diagnosis of Evans syn-

drome were excluded in this Danish study.1 The all-cause mortality

was high in our study (40% at 5 years; 15% in patients with primary

AIHA patients aged between 15 and 64 years). French and Italian ret-

rospective series, with younger patients, reported 8 and 21% of death

with a mean follow-up of 3.8 and a median follow-up 2.8 years,

respectively2,3 versus 50% at 6.3 years in the population-based Danish

study.1 Interestingly, hospitalization for thrombosis mostly occurred

during the first year after AIHA diagnosis, suggesting that thrombosis

occurs mostly during active hemolysis, as previously reported.2,3 It is

noteworthy that the risks of hospitalization for thrombosis and for

infection had similar magnitudes in both primary and secondary AIHA,

indicating the high severity of AIHA regardless of associated diseases.

Our study has some limitations. Although PPVs of ICD-10 diagno-

sis codes for AIHA, thrombosis and infections have been validated in

the SNDS with values mostly greater than 90%,5 we cannot exclude

some misclassifications. The SNDS could not distinguish warm AIHA

from cold AIHA. Of note, a recent Danish study found very close esti-

mates of mortality and thrombosis at 5 years in a population of

72 patients with cold agglutinin disease, suggesting similar risks in

both subtypes of AIHA.6 Because laboratory findings such as hemoly-

sis parameters, blood cell counts, reticulocytosis and characteristics of

direct antiglobulin tests were not available in the SNDS, we were

unable to stratify our analyses by severity of AIHA, although it may

impact the prognosis.3

In conclusion, the incidence rate of AIHA was more than 10 times

higher in the elderly and very elderly compared to people under

50 years of age, suggesting a potential role for immunosenescence.

Secondary AIHAs were frequent in adults. Mortality, hospitalizations

for infection and for thrombosis were very frequent in both primary

and secondary AIHAs.

ACKNOWLEDGMENTS

The authors thank Marjorie Boussac and the Caisse Nationale de

l'Assurance maladie des Travailleurs Salariés engineers who performed

raw data extraction from the SNDS database. This study was aca-

demic, funded by Société nationale française de médecine interne

(SNFMI) and the University hospital of Toulouse.

CONFLICT OF INTEREST

This study was academic. M.M. participated to educational sessions

and boards for Amgen, Novartis, UCB, Argenx. G.M. received meeting

attendance grants from Amgen and Novartis, is coordinator of

research studies granted by Amgen, CSL Behring, Grifols and Novartis.

He participated to educational sessions funded by Amgen and

Novartis, and to boards for Amgen, Novartis and Sobi. All other

authors declare having no competing interest.

AUTHOR CONTRIBUTIONS

Julien Maquet, Margaux Lafaurie, Ondine Walter, Agnès Sommet,

Maryse Lapeyre-Mestre and Guillaume Moulis designed the study. Julien

F IGURE 1 Survival in patients with autoimmune hemolytic
anemia and their matched comparisons from the general population

E292 CORRESPONDENCE

The 1-year mortality was 20.5% (95% CI: 19.7 to
21.3) in AIHA (primary AIHA: 17.9%, 95% CI: 16.8 to
18.9), versus 3.3% (95% CI: 3.1 to 3.5) in comparison

The 1-year cumulative incidence of hospitalization for thrombosis was 6.0% (95%
CI: 5.6 to 6.5) in AIHA (in primary AIHA: 5.7%, 95% CI: 5.1 to 6.4) versus 1.8% (95%
CI: 1.7 to 1.9) in comparisons , of severe infections = 22,9% versus 3,5%
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du Biermer

Acanthocytose

Frottis normal ou anomalies non spéc. (sphérocytes…)

TDA neg TDA +

- recherche clone HPN
- Sphérocytose (EMA*, Ektacyt.)
- Déficit enz.: G6PD, PK
- Thalassémie
- Hb instable (rare ++)
- Toxique: intoxication au Pb, 

surcharge en Cu (Wilson)
- AHAI à TDA neg

-AHAI
- DIIHA
-Allo-immunisation

TDA (= Coombs direct)

Si AH chronique ou intermittente
inexpliquée

Bleu de Cresyl (corps de Heinz)

Þ Pannel NGS
dédié

Atcd familiaux ?

Electr. Hb





SARS-COV2
bartonella

Formes IIaires
≈ 50-60% des cas

Causes/ maladies associées des/aux  AHAI à Ac. « chauds » = formes secondaires 

1

2

3



AHAI sous Inhibiteurs de check-
point immunologiques (ICIs)

• Effet secondaire non exceptionnel (0,25-0,5%)
• Plus fréquemment observé avec les anti-PD1 et notamment le nivolumab
• Délai de survenue de plusieurs semaines (3- 5 semaines en médiane)
• Anémie hémolytique parfois sévère, le TDA (Coombs direct) peut être 

négatif
• Le plus souvent cortico-sensible, rituximab peut se discuter en 2ème ligne
• Pas de corrélation claire avec le niveau de réponse anti-tumoral (1/3 de 

bon répondeurs)
• Rapport bénéfice / risque de la reprise de l’ICI à discuter au cas par cas  en 

RCP (récidive dans 20-40% des cas)

Delannoy N et al. Lancet Hematol 2019. Leaf RK et al. Am J Hematol 2019. Tanios GE et al. Eur J Hematol 2019



MAF: modes de révélation

Phénotype N %
Anémie hémolytique avec SF circulatoires grade 1 ou 
absents

146 69.5%

Anémie hémolytique avec SF circulatoires grade 2-3 44 21%
SF circulatoires avec hémolyse compensée 20 9.5%
Total 210 100%

Parfois, découverte fortuite sur hémogramme (agglutination ++)

Berentsen S et al. Blood. 2020;136(4):480-488.



Maladie chronique des agglutinines froides

Berentsen et al., Blood March 2021

N =232

Prévalence 16/ milion
Incidence 1/million/an
15-25% des AHAI

Age 67 ans

Acrocyanose/Raynaud
Fatigue, ictère
Livedo
Parfois gangrène

IgM kappa>>>lambda
Activité anti-I
TDA + C3d
Titre agglu > 1/64

Hémolyse extra vasc.> intra vasc.

MAF: modes de révélation (2)Maladie chronique des agglutinines froides

Berentsen et al., Blood March 2021

N =232

Prévalence 16/ milion
Incidence 1/million/an
15-25% des AHAI

Age 67 ans

Acrocyanose/Raynaud
Fatigue, ictère
Livedo
Parfois gangrène

IgM kappa>>>lambda
Activité anti-I
TDA + C3d
Titre agglu > 1/64

Hémolyse extra vasc.> intra vasc.



Caractéristiques immuno-histochimiques de la MAF primitive vs MW

MAF MW
Composant monoclonal IgMk (90% des cas) de faible intensité (< 10 g/l) IgM d’intensité variable, parfois 

très élevé avec Sd d’hyperviscosité

Restriction des chaines 
lourdes et légères de l’IgM

IgH 24-34 (> 85%)
IgK V3-20 (59%)

IgHV3 (83%), IgH V3-23 (24%)

Syndrome tumoral Absent dans la majorité des cas Présent au diagnostic dans 20-25%

Type d’infiltrat médullaire Infiltration nodulaire (≤10%) de petits Ly. B CD19+,CD20+,CD22+, Bcl6 -, 
CD27+, CD79+, FMC7+, IgMk+, IgD+, CD5±,CD23-, CD38-

Absence de lymphoplasmocytes, infiltrat plasmocytaire extra 
nodulaire faible (<5%), pas de fibrose, d’infiltrat para-trabéculaire

Infiltrat lympho-plasmocytaire
(mixte) > 10% CD20 et CD138+

interstitiel et paratrabéculaire
CD19+,CD20+,CD22+, CD25+, CD27+, 
FMC7+, IgM+, CD5±,CD23-, CD10-

Mutations somatiques MYD88 L2659: 0 à 20% des cas, KMT2D (MLL2) et CARD11 (30%), MYD88 L2659 > 90%
CXCR4: 30-35%

Cytogénétique Pas d’anomalie spécifique décrite, +3 +3q,+18q décrits dans MAF IIaire Délétion 6q (30-50%)

Transformation en LMNH à 
grande cellules

Non Possible: 5-15% des cas

Lamarque M, Michel M. Hematologie 2018
Randen U et al. Haematologica 2014



2. Physiopathologie / facteurs 
pronostiques



MACROPHAGE

LB

TFH ?

GR

AUTO
ANTICORPS

RATE

MACROPHAGE
DC

2. Physiopathologie de l’AHAI
Hémolyse 

intravasculaire

Th1

CDC
ADCC

CR
Cpt
FcγR

CDC

Th17

Xu 2012

Th2

Th17
Th17

Th17
Th17

↗IL-2, IL-12
↘IFN-γ ↗IL-4, IL-13 ↗IL-17

----------------------------- Culture LT ------------------------------

Barcellini 2015 (revue)
Toriani 2005 (revue)

Hémolyse 
intratissulaire

↗TGF-β

Salama 1983
Barros 2009

Ruiz-Argüelles 2007

Mahevas 2015

Ahmad 2011XTregMeinderts 2017

PNN

XTreg Mqadmi 2005
Richards 2016

Courtesy from Pr S Audia CHU Dijon



Facteurs associés à la sévérité de l’AHAI ? 

• Facteurs influençant le degré/la sévérité de l’hémolyse et la pathogénicité des Ac. :

- Isotype de l’auto Ac. (Ig1 et IgG3 surtout ++, IgG4 n’activent pas le Ct, IgG2 faiblement, 
variabilité de l’affinité de liaison aux FcgRs)

- Degré de glycosylation de l’auto Ac. (affecte le degré d’interaction avec les 
macrophages)

- Concentration d’auto-Ac fixés à la surface des GR (?)
- Expression CD47/SIRPa à la surface des GR (discordances entre modèles murins et 

résultats neg. chez l’H)
- Etat d’activation du SRE
- Degré d’activation du Ct / Hémolyse intra-vasculaire
- AHAI « mixtes » réputées + graves 
- Degré d’activation de l’érythropoïèse => réticulocytes ?

Garratty G/ Transf. Med 2008; 18:321-34



Barcellini W et al. Am J Hematol. 2018 Sep;93(9):E243-E246.

Concept de BMRI = bone marrow reticulocytes Index => retic count (G/L) x patient Hb (g/dL)  / normal Hb
*BMRI < 121 => érythropoïèse inadaptée

Le degré d’activation
de l’érythropoïèse

influe sur la sévérité
initiale de l’AHAI

*Russo R et al. Am J Hematol 2014;89(10):E169-E175



3. Aspects thérapeutiques



Traitement symptomatique / de support 

• Apports systématique de folates
• Si MAF, mesures de protection vis-à-vis du froid
• (Attention si CEC)
• Prophylaxie optimisée de la thrombose en période d’hémolyse active ++
• Ne pas reculer devant la nécessité d’une transfusion si besoin ++ (anémie sévère 

et/ou mal tolérée, sujet âgé ± comorbidités)

• En collaboration étroite avec l’EFS
• CGR les « moins incompatibles » avec le 

profil des auto-Ac. (RAI souvent +)

• Classiquement CGR infusés à 37°C à l’aide d’un
réchauffeur adéquat si AHAI à Ac. froids

• Avenir ?: hemoglobin-based oxygen carriers (HBOCs).
Orin W et al. Curr Op Hematol 2003



Q: Efficacité et tolérance de la
Transfusion dans l’AHAI ?

Transfusion efficiency and HTR risk estimation
269/450 (59.7%) patients received RBC
transfusions, and the Hb level increased from 52.0
± 9.3 g/L to 65.1 ± 11.9 g/L. Each patient received a
median of 5 (quartile 5–10) units RBC during the
hospital stay. Transfusion efficiency was evaluated
in 352 transfusion episodes, and 58.5% of them
were considered efficient.

• Retrospective observational study
A total of 450 hospitalized patients with a median
age of 51 years (quartile 34 –64 years) and a median
hospital stay of 17 days (quartile 11–29 days).
438/450 (97.3%) had warm AIHA, and 321/450
(70.7%) had AIHA secondary to an underlying
disorder or condition.

Transfusion reaction assessment
A total of 2509.5 U RBCs were transfused to 269 patients in
1112 episodes. In total, 14/885 (1.6%) led to transfusion-
related adverse reactions, including 13 cases of febrile
reactions, 1 case of an allergic reaction, and 1 case of
somatic symptoms (headache and blood pressure elevation)
but no other hemolytic blood transfusion reactions.

The transfusion was defined as effective when there was
an increase in the Hb level of at least 5 g/L per unit of 
RBC. A scoring system was created to estimate the risk
for potential masked alloantibody-related HTR: When a 
patient’s HTR score reached 3, the least-incompatible 
blood was selected Patients with an HTR score of 2 were
provided with ABO-compatible units, 



73% de réponse globale à M3

Réticulocytose inadaptée dans 73% des cas

Taux médian d’Epo sérique
= 32 U/ml (9.3-1328)

inadapté/Hb
dans 88% des cas

Q: Intérêt d’un tt de 
support par ASE dans 

l’AHAI ?



AHAI graves: intérêt des IgIV ? Echanges Plasmatiques ? 

• IgIV: efficacité nettement moindre (≈ 32%) que dans le PTI1 risque thrombotique majoré 
intérêt dans le formes graves à Ac. froids ? Aucun essai contrôlé

=> Etude rétrospective observationnelle multicentrique CeReCAI en cours
• E.P: peu de données dans la littérature et données contradictoires 2-4

• Les échanges plasmatiques ont une indication dans :
- les situations menaçant le pronostic vital / hémolyse intravasculaire massive (Ac. froids) 

avec souffrance d’organe nécessitant un support transfusionnel massif: recommandations 
grade C (PNDS) dans l’attente d’efficacité des immunosuppresseurs

- Intérêt aphérèses sur colonne d’immunoadsorption ?

ÞNe pas faire d’échanges avec du PFC mais avec albumine ++ 

1. Flores et al. Am J Hematol 1993; 44:237
2. Mc Leod BC et al. Curr Opin Hematol 2007
3. Schwartz et al. J Clin Apheresis 2016
4. Fatizzo B et al. Am J Hematol 2015



Tt de 1ère ligne des AHAI à anticorps « chauds »

Corticoïdes

• ≥ 1 mg/kg/j:  > 80% de réponses à 3 semaines
• Arguments pour une meilleurs efficacité à J21 des bolus de solumedrol ou des 

« blocs » de DXM*
• Durée de 3 à 6 mois suffit chez les patients bien cortico-sensibles
• Problème = cortico-résistance (15-20%) et surtout cortico-dépendance +++ 

(seuil:10-15 mg/j) chez 40-50% des patients 
• => Seul ~ 30%  35% de RC prolongée 
• Pas de différence AHAI « idiopathiques » vs IIaires

Michel M et al. Am J Hematol 2017 Jan;92(1):23-27.

Roumier M et al. Am J Hematol 2014 Sep;89(9):E150-5.
Jaeger U et al. Blood Rev 2019
*Ghada EM et al. Blood C Molec and Dis 2021



Tt de 2eme ligne: Rituximab et AHAI à Ac. Chauds de l’adulte => 2 études
prospectives contrôlées dont l’une en double aveugle vs placebo

Auteur / Schéma Patients inclus Nbre de patients / 
caractéristiques

Réponse à 1 an Tolérance / mortalité

• Birgens et al. 1
Etude prospective randomisée ouverte
comparant prednisolone + ritux 375 mg/m2 
/sem x 4 vs prednisolone seule (1,5 mg/kg/j 
puis décroissance )

AHAI primaire ou 
secondaire
nouvellement
diagnostiquée

N = 64 (32 dans chaque
bras (2 et 4 formes II
aires)
Age median 65 ans (41-
89), 58% d’hommes

ORR = 75% bras ritux
vs 38% en RC dans bras pred.
seule (p = 0,003)

8 SAE bras ritux vs 4 bras 
sans ritux (NS)

7 décès au total, 4 dans
bras ritux (1 pneumonie), 
3 dans bras pred.

• Michel M et al. 2
Etude prospective multicentrique
randomisée en double aveugle comparant
Rituximab 1g J1 J15 vs Placebo.
Prdn 1 mg/kg/j x 2 semaines dans chaque
bras avec schéma de décroissance et arrêt
sur 3 mois

AHAI
nouvellement
diagnostiquée

N= 32 (16 patients dans 
chaque bras)

Age moyen = 76 ± 16 ans

53% de femmes

ORR = 75% bras rituximab 
(11RC, 1RP)
Vs
31% bras placebo (5RC)
(p =0,032)
A 2 ans, 10 pts toujours en RC 
bras ritux vs 3 dans bras 
placebo

6 infections sévères dans 
bras placebo,
2 dans bras rituximab 
(NS) 1 cas de PCP

6 décès à 2 ans dans le 
bras placebo vs 0 dans les 
bras ritux.

1. Birgens H et al. Br J Haematol 2013; 163: 393-99

2. Michel M et al. Am J Hematol 2017 Jan;92(1):23-27.



Option, médicament / 
dose 

Réponse globale Avantages Inconvénients / limites

Splénectomie 60%-70%  de 
réponse globale
initiale

Traitement curateur à long terme
chez ~ 30 à 50% des patients

Pas de facteur prédictif de réponse et 
Risque accru de thrombose et de 
sepsis 1

Azathioprine / 2-4 mg/kg/j
(AMM)

~ 60% Epargne cortisonique
Peu coûteux

Délai de réponse souvent > 2-3 mois
Risque de neutropénie

Mycophenolate mofetil / 
2000 mg /j

~ 25-50% 
(petites series)2

Epargne cortisonique, Intérêt si
AHAI du Lupus en échec de 
rituximab ou avec atteinte extra-
hémato

Effets secondaires gastro-intestinaux

Ciclosporine 3

3-5 mg/kg/j
~60% Epargne cortisinique, intérêt

notamment si Sd d’ Evans ou en cas
d’hypoplasia médullaire. Rapiditié
d’action (2-6 semaines)

Toxicité rénale, HTA, hirsutisme
Intérêt de contrôler la 
cyclosporinémie ?

Tt de 3ème ligne dans l’AHAI à Ac “chauds”: quelles options  ?

1. Gwendlolyn A et al. Blood Cells Mol Dis 2020
2. Howard J Br J Haematol 2002
3. Emilia G, Br J Haematol 1996
4. Barcellini W and Fattizo B. Blood 2021;137;1283–94



Btz 1,3 mg/ m² J1 J4 J8 J11
repété tous les 21j

+  Dex 20 mg /semaine



Traitement des  AHAI à Ac. froids ?

• Traitement avant tout symptomatique (transfusion Qs)
• Formes aigues post-infectieuses => tt de la cause si possible ± courte corticothérapie si sévérité ++ (non-

evidence based)

• MAF:
- Prévention (vaccins), dépistage et tt précoce des épisodes infectieux 
- Pas de tt nécessaire chez ≈ 50% des patients si Hb > 10 g/dl => « watch and wait »
- Corticoïdes peu (10-15%) ou pas efficaces
- Splénectomie: notoirement inefficace donc inutile

• 2 études prospectives ouvertes non contrôlées:

- Rituximab => 50% de réponse globale à 1 an mais rechutes dans la majorité des cas 1

- Ritux + Bendamustine => 75%-78% ORR (53% de RC) mais toxicité accrue 2

1. Berentsen S et al. Blood 2004
2. Berentsen S et al. Blood 2017



Cibles thérapeutiques dans la MAF

*

* Berentsen S et al. Blood 2017

Ibrutinib



4. Quel(le)s développements / perspectives 
thérapeutiques dans les AHAI ?



Médicament Mécanisme/cible Voie d’administration Niveau de preuve/
Stade de dvpt

indications

Ofatumumab Anti-CD20 humanisé I.V Cas cliniques AHAI secondaires

Alemtuzumab Anti-CD52 S.C Cas cliniques AHAI secondaires

Daratumumab Anti-CD38 S.C Cas cliniques MAF / wAHAI /AHAI IIaires

Ibrutinib Inhibiteur de btk p.o Cas clinique /séries rétrospectives 
(ASH 2020)

MAF /AHAI secondaires

Venetoclax Inhibiteur de Bcl2 p.o Cas cliniques AHAI secondaires

Parsaclisib Inhibiteur de PI3kinase p.o Phase 2 wAIHA / MAF

Eculizumab Anti-C5a I.V Phase 2, cas cliniques MAF / AHAI mixte

Sutimlimab Anti-C1s MoAb (IgG4) I.V Phases 2 et 3 MAF

ANX005 Anti-C1q I.V Phase 1b/2 MAF, AHAI mixte

Pegcetacoplan Anti-C3 S.C Phase 2 et 3 *MAF / wAHAI chaude

Iptacopan Inhibiteur du facteur B p.o Etude ouverte phase 1b/2 MAF

Bortezomib + DXM Inhibiteur du protéasome S.C Phase 2 pilote ouverte / étude 
observationnelle

MAF/ wAHAI réfractaire

Sirolimus Inhibiteur de mTor p.o Séries de cas Evans / AHAI secondaires

Fostamatinib Inhibiteur de syk p.o Phase 2 et 3 wAHAI

Orilanolimab, nipocalimab Inhibiteur du FcRn I.V Phase 1b wAIHA

Adapté de Barcellini W et al. J.Clin. Med.2020,9,3859*Rossi G et al. Blood 2018
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BACKGROUND
Cold agglutinin disease is a rare autoimmune hemolytic anemia characterized by 
hemolysis that is caused by activation of the classic complement pathway. Sutimli-
mab, a humanized monoclonal antibody, selectively targets the C1s protein, a C1 
complex serine protease responsible for activating this pathway.

METHODS
We conducted a 26-week multicenter, open-label, single-group study to assess the 
efficacy and safety of intravenous sutimlimab in patients with cold agglutinin 
disease and a recent history of transfusion. The composite primary end point was 
a normalization of the hemoglobin level to 12 g or more per deciliter or an in-
crease in the hemoglobin level of 2 g or more per deciliter from baseline, without 
red-cell transfusion or medications prohibited by the protocol.

RESULTS
A total of 24 patients were enrolled and received at least one dose of sutimlimab; 
13 patients (54%) met the criteria for the composite primary end point. The least-
squares mean increase in hemoglobin level was 2.6 g per deciliter at the time of 
treatment assessment (weeks 23, 25, and 26). A mean hemoglobin level of more 
than 11 g per deciliter was maintained in patients from week 3 through the end 
of the study period. The mean bilirubin levels normalized by week 3. A total of 17 
patients (71%) did not receive a transfusion from week 5 through week 26. Clini-
cally meaningful reductions in fatigue were observed by week 1 and were main-
tained throughout the study. Activity in the classic complement pathway was 
rapidly inhibited, as assessed by a functional assay. Increased hemoglobin levels, 
reduced bilirubin levels, and reduced fatigue coincided with inhibition of the clas-
sic complement pathway. At least one adverse event occurred during the treatment 
period in 22 patients (92%). Seven patients (29%) had at least one serious adverse 
event, none of which were determined by the investigators to be related to sutimli-
mab. No meningococcal infections occurred.

CONCLUSIONS
In patients with cold agglutinin disease who received sutimlimab, selective up-
stream inhibition of activity in the classic complement pathway rapidly halted 
hemolysis, increased hemoglobin levels, and reduced fatigue. (Funded by Sanofi; 
CARDINAL ClinicalTrials.gov number, NCT03347396.)
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event, none of which were determined by the investigators to be related to sutimli-
mab. No meningococcal infections occurred.

CONCLUSIONS
In patients with cold agglutinin disease who received sutimlimab, selective up-
stream inhibition of activity in the classic complement pathway rapidly halted 
hemolysis, increased hemoglobin levels, and reduced fatigue. (Funded by Sanofi; 
CARDINAL ClinicalTrials.gov number, NCT03347396.)
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Cardinal: An Open-label Phase 3 Multicenter Study of Sutimlimab
in Patients with CAD and a Recent History of Transfusion 

Objectives for Part B
Primary Objectives
• Evaluate the long-term efficacy* and safety of sutimlimab in patients with CAD
Secondary Objectives 
• Assess the durability of response over time with sutimlimab, including laboratory 

parameters and QOL, in patients with CAD 

Key Endpoints for Part B
Efficacy Endpoints
• Evaluation of disease-related markers (such as hemoglobin and bilirubin) 

and QOL (FACIT-F patient-reported outcome)
Safety Endpoints
• Included the incidence of TEAEs and TESAEs

Key Eligibility Criteria

• Baseline Hb ≤10 g/dL

• Active hemolysis: total bilirubin above normal

• ≥1 blood transfusion within 6 months of enrollment

• No treatment with rituximab within 3 months or combination 
therapies within 6 months

• CAS excluded

Dosing

• IV, weight-based dosing at Days 0 and 7 and then every 2 weeks

• <75 kg: 6.5 g; ≥75 kg: 7.5 g

26 weeks
(Dosing at Weeks 0, 1, 3, 5…25)

Safety extension period 
(2 years after last patient completes Part A)

All patients completing Part A (22/24) continued to Part B

Sutimlimab 
biweekly

Screening/
Observation 

period 26-Week treatment period

Part A Part B

6 
weeks

*The primary efficacy end point was a composite of a normalization of the Hb
level to 12 g or more per deciliter or an increase in the Hb level of 2 g or more per deciliter
from baseline at the treatment assessment time point (with the value at the treatment assessment
time point defined as the mean of the values at weeks 23, 25, and 26)



Baseline

Patients, n 24

Mean (range) age, years 71 (55–85)

Female, n (%) 15 (62.5)

Mean (SD) transfusions in the prior 6 months 3.2 (4.0)

Patients with ≥1 prior targeted therapy within the last 5 years, n (%) 15 (62.5)

Patients with a history of ≥1 thromboembolic event, n (%) 8 (33.3)

Mean (SD) Hb, g/dL 8.6 (1.6)

Mean (SD) total bilirubin, μmol/L 51 (23)

Mean (SD) LDH, U/L 438 (285) 

Mean (SD) absolute reticulocytes, ×109/L 138 (68)

Mean (SD) haptoglobin, g/L 0.3 (0.3)

Essai CARDINAL: caractéristiques des patients 
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BACKGROUND
Cold agglutinin disease is a rare autoimmune hemolytic anemia characterized by 
hemolysis that is caused by activation of the classic complement pathway. Sutimli-
mab, a humanized monoclonal antibody, selectively targets the C1s protein, a C1 
complex serine protease responsible for activating this pathway.

METHODS
We conducted a 26-week multicenter, open-label, single-group study to assess the 
efficacy and safety of intravenous sutimlimab in patients with cold agglutinin 
disease and a recent history of transfusion. The composite primary end point was 
a normalization of the hemoglobin level to 12 g or more per deciliter or an in-
crease in the hemoglobin level of 2 g or more per deciliter from baseline, without 
red-cell transfusion or medications prohibited by the protocol.

RESULTS
A total of 24 patients were enrolled and received at least one dose of sutimlimab; 
13 patients (54%) met the criteria for the composite primary end point. The least-
squares mean increase in hemoglobin level was 2.6 g per deciliter at the time of 
treatment assessment (weeks 23, 25, and 26). A mean hemoglobin level of more 
than 11 g per deciliter was maintained in patients from week 3 through the end 
of the study period. The mean bilirubin levels normalized by week 3. A total of 17 
patients (71%) did not receive a transfusion from week 5 through week 26. Clini-
cally meaningful reductions in fatigue were observed by week 1 and were main-
tained throughout the study. Activity in the classic complement pathway was 
rapidly inhibited, as assessed by a functional assay. Increased hemoglobin levels, 
reduced bilirubin levels, and reduced fatigue coincided with inhibition of the clas-
sic complement pathway. At least one adverse event occurred during the treatment 
period in 22 patients (92%). Seven patients (29%) had at least one serious adverse 
event, none of which were determined by the investigators to be related to sutimli-
mab. No meningococcal infections occurred.

CONCLUSIONS
In patients with cold agglutinin disease who received sutimlimab, selective up-
stream inhibition of activity in the classic complement pathway rapidly halted 
hemolysis, increased hemoglobin levels, and reduced fatigue. (Funded by Sanofi; 
CARDINAL ClinicalTrials.gov number, NCT03347396.)
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Sustained Improvements in Hb, Bilirubin, and QOL up to Week 53

• Mean Hb >11 g/dL maintained from Week 5 to Week 53

• Mean total bilirubin normalized by Week 3;  remained <20 µmol/L 
(below ULN) up to Week 53

• Near-complete inhibition of CP activitya (baseline mean [SD] CP: 20.0% 
[16.7]; Week 25: 3.0% [3.1])

• FACIT-F scores remained >40 from Week 3 to Week 51, consistent with a 
clinically meaningful improvement

• Reductions in absolute reticulocyte count (baseline mean [SD]: 138 [68] 
× 109/L; Week 3: 65 [40] × 109/L) were observed alongside normalized 
haptoglobin levels and reductions in LDH, all of which were maintained 
during Part B
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complex serine protease responsible for activating this pathway.
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treatment assessment (weeks 23, 25, and 26). A mean hemoglobin level of more 
than 11 g per deciliter was maintained in patients from week 3 through the end 
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patients (71%) did not receive a transfusion from week 5 through week 26. Clini-
cally meaningful reductions in fatigue were observed by week 1 and were main-
tained throughout the study. Activity in the classic complement pathway was 
rapidly inhibited, as assessed by a functional assay. Increased hemoglobin levels, 
reduced bilirubin levels, and reduced fatigue coincided with inhibition of the clas-
sic complement pathway. At least one adverse event occurred during the treatment 
period in 22 patients (92%). Seven patients (29%) had at least one serious adverse 
event, none of which were determined by the investigators to be related to sutimli-
mab. No meningococcal infections occurred.
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Résultats (1): Efficacité A total of 17/24 (70.8%) and 19/22 (86.4%) patients 
remained transfusion-free from Week 5 to Week 26 and 

from Week 26 to Week 53, respectively

• Gain moyen d’Hb = 2,6 g/dL
• Augmentation d’au moins de 2 g/dl

chez 62% des patients, et de plus de
3g/dL pour 33% d’entre eux.

Pas d’effet evident sur l’acrocyanose



Résultats (2): Tolérance ?

• Infections:
• One TESAE (viral infection) was assessed by the investigator as related to sutimlimab
• No meningococcal infections were identified (patients vaccinés)
• Other serious infections, including encapsulated bacterial infections (Streptococcus 

pyogenes, Streptococcus pneumoniae, Escherichia coli and Staphylococcus species) were 
reported, but assessed by the investigator as unrelated to sutimlimab

• Type and frequency of TEAE infections generally consistent with demographics, medical 
history and prior/concomitant medication use of study population

• No patients developed systemic lupus erythematosus
• 1 TEAE of device-related thrombosis (assessed as unrelated to study drug)
• 1 unrelated death (carcinoma)



Figure 1. Effect of sutimlimab on a composite primary endpoint 
comprising hemoglobin levels, transfusions, 
and need for CAD medications in patients with CAD

Sutimlimab in patients with cold agglutinin disease: results of the randomized placebo-controlled phase 3 
CADENZA trial 

• N = 42 patients with CAD and Hb ≤ 10g/dl included,  
22 sutimlimab arm /20 placebo arm

No new safety signal

Roth A et al. Hematologica 2021 (in press) 

AMM aux USA Fev 2022





Principes du traitement de la MAF en 2021

Forme Iaire de MAF

Tt symptomatique (Qs)

Anémie partiellement
Compensée avec Hb > 10 g/dl

« watch and wait »

Anémie < 10g, transfusions,
Impact sur QdV ++

Rituximab 375 mg/m2 x 4
± Bendamustine
(si patient « fit »)

Echec ou rechute
Tt experimental (ibrutinib, bortezomib, venetoclax..)

à venir C1s inhibiteur..
Ou  essai thérapeutique

MAF secondaire à 
Une hémopathie lymphoïde caractérisée

Traitement de l’hémopathie
ss-jacente si MAF symptomatique

Et/ou hémopathie évolutive

Urgence vitale
Discuter eculizumab et/ou

Échanges plasmatiques

Adapté de Jaeger U et al. Blood Rev. 2019 Dec 5

± Epo séquentiel

https://www.ncbi.nlm.nih.gov/pubmed/31839434


Le fostamatinib dans l’AHAI à Ac. chauds 

;
Newland A, et al. Immunotherapy 2018;10:9–25. 

Le fostamatinib a l’AMM dans le PTI de l’adulte 







Perspectives thérapeutiques (2): Ac. Monoclonaux
ciblant le  récepteur FcRn

Roopenian DC & Akilesh S. Nat Rev Immunol 2007;7:715–725

• Accounts for normal transplacental IgG transfer
• FcRn protects IgG from lysosomal degradation
• FcRn results in long IgG half-life: Normal: 

~28 day, FcRn-deficient: 1–2 days
• FcRn-/- mice protected autoimmune diseases by

accelerated catabolism of pathogenic IgGs
• Does not bind IgA, IgM or IgD, IgE

Plusieurs MoAbs en développement:
- Nipocalimab (NCT04119050)
- orilanolimab (NCT04256148)2



Prise en charge AHAI à 
Ac.«chauds »

(formes Iaires)

Jaeger U et al. Blood Reviews 2020 

Formes associées à hémopathies lymphoïdes
B évolutives => R-CDex, btk inhibiteurs…
Formes associées au Lupus => plaquenil, ritux



Conclusions / « take home messages »
• Importance de distinguer AHAI à ac. « chauds » vs « froids »
• AHAI peut mettre en jeu le pronostic vital, faire attention au risque thrombotique ++
• Ne pas négliger le tt symptomatique (transfusion) en cas d’anémie sévère => Dialogue étroit 

entre EFS et clinicien ++
• Pas de consensus sur la place des EP, IgIV dans les formes graves mais EP à privilégier
• Dans les AHAI à ac. « chauds », le rituximab = tt de choix de 2ème ligne en l’absence de 

réponse franche  à la corticothérapie
• Dans les formes réfractaires, le ciblage des plasmocytes auto-réactifs semble prometteur, la 

place du fostamatinib est en cours d’évaluation (rapport bénéfices /risques ) 
• Dans la MAF, ne traiter que les patients franchement anémiques
• L’efficacité du rituximab est moindre et le + svt transitoire dans la MAF 
• L’inhibition du Ct est une voie thérapeutique prometteuse et en plein essor dans les formes 

sévères de MAF et dépendante des transfusions et dans les AHAI mixtes ou Ac. « chauds » 
graves avec activation du C3


