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Abstract

Autoimmune hemolytic anemia (AIHA) is an acquired, heterogeneous group of diseases which includes warm AIHA,
cold agglutinin disease (CAD), mixed AIHA, paroxysmal cold hemoglobinuria and atypical AIHA. Currently CAD is
defined as a chronic, clonal lymphoproliferative disorder, while the presence of cold agglutinins underlying other
diseases is known as cold agglutinin syndrome. AIHA is mediated by autoantibodies directed against red blood
cells (RBCs) causing premature erythrocyte destruction. The pathogenesis of AIHA is complex and still not fully
understood. Recent studies indicate the involvement of T and B cell dysregulation, reduced CD4+ and CD25+
Tregs, increased clonal expansions of CD8 + T cells, imbalance of Th17/Tregs and Tfh/Tfr, and impaired lymphocyte
apoptosis. Changes in some RBC membrane structures, under the influence of mechanical stimuli or oxidative
stress, may promote autohemolysis. The clinical presentation and treatment of AIHA are influenced by many factors,
including the type of AIHA, degree of hemolysis, underlying diseases, presence of concomitant comorbidities, bone
marrow compensatory abilities and the presence of fibrosis and dyserthropoiesis. The main treatment for AIHA is
based on the inhibition of autoantibody production by mono- or combination therapy using GKS and/or rituximab
and, rarely, immunosuppressive drugs or immunomodulators. Reduction of erythrocyte destruction via splenectomy
is currently the third line of treatment for warm AIHA. Supportive treatment including vitamin supplementation,
recombinant erythropoietin, thrombosis prophylaxis and the prevention and treatment of infections is essential.
New groups of drugs that inhibit immune responses at various levels are being developed intensively, including
inhibition of antibody-mediated RBCs phagocytosis, inhibition of B cell and plasma cell frequency and activity,
inhibition of IgG recycling, immunomodulation of T lymphocytes function, and complement cascade inhibition.
Recent studies have brought about changes in classification and progress in understanding the pathogenesis and
treatment of AIHA, although there are still many issues to be resolved, particularly concerning the impact of age-
associated changes to immunity.
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Background
Autoimmune hemolytic anemia (AIHA) is characterized
by hemolysis, i.e. the breakdown of red blood cells
(RBCs) which occurs with autoantibodies and/or
complement, together with activated macrophages, T-
lymphocytes and cytokines all contributing to the
process. All these immune parameters change with age,
and immunosenescence is one of the pathomechanisms
that has been associated with autoimmunity [1]. A posi-
tive direct antiglobulin test (DAT) confirms the presence
of immunoglobulins (most often of the IgG class, some-
times IgM and IgA and/or complement - usually C3d)
attached to erythrocytes [2].
The serological types of AIHA include warm auto-

immune hemolytic anemia (wAIHA), cold agglutinin
disease (CAD), mixed type AIHA (mixed AIHA) and
paroxysmal cold hemoglobinuria (PCH). Recently, an
atypical form of AIHA with DAT negative and the pres-
ence of IgA and warm IgM has been distinguished [2].
Primary CAD, according to the current modified defin-
ition, includes cases with low grade lymphoproliferative
disorder (LPD) or unclassified B-cell lymphoproliferation
in bone marrow [3]. The presence of cold agglutinins in
the course of other diseases (especially SLE, Mycoplasma
pneumoniae, Epstein-Barr infection or aggressive lymph-
oma) is defined as cold agglutinin syndrome (CAS) [4].
AIHA can be primary, when the underlying disease has
not been demonstrated, or secondary. In approximately
50% of cases, the primary form of AIHA is diagnosed,
while in other cases the autoantibodies are related to
autoimmune diseases, lymphoproliferative diseases, in-
fections (also SARS-CoV-2 infection), solid tumors or
solid organ transplantation (Table 1) [3, 5, 12, 13].
The condition is also seen in patients after allogeneic
stem cell transplantation (HSCT) with increasing inci-
dence (reaching 2–6%), severe course and a high
mortality rate [14–17]. Hemolysis which occurs after
drugs is known as drug-induced immune hemolytic
anemia (DIIHA), and is currently classified as a sec-
ondary form of AIHA [3].
Recently, in new data regarding the pathogenesis and

AIHA, treatment options have been discussed. There-
fore, this review is a summary of the current knowledge
about this heterogeneous and still not fully understood
disease, and how its characteristics may differ depending
on the immunological status of older adults with AIHA.

Main text
Epidemiology and risk factors for AIHA development
It is currently estimated that the incidence of AIHA is
1.77 cases per 100,000 per year [18], of which wAIHA is
the most common form and accounts for about 2/3 of
cases [19]. CAD is the second most common, accounting
for approximately 15–20% of AIHA cases [20]. CAD

usually occurs in people > 50 years of age, most often in
the 7th and 8th decades of life [21, 22]. PCH is a rare
disease which mostly affects children [23]. It is extremely
rare in adults and is often associated with infections in
this age group [24]. The risk of AIHA increases with
age, in wAIHA the risk is 5 times higher in the 7th dec-
ade of life compared to the fourth decade [21]. The main
reason for this age dependency could be immunosenes-
cence [25] or epigenetic abnormalities accumulated in
hematopoietic cells with aging [26]. The aging processes
as well as numerous comorbidities increase the probabil-
ity and severity of oxidative stress and eryptosis, i.e.
erythrocyte cell membrane changes leading to RBC
senescence and premature death [27, 28]. Genetic back-
ground, immunodeficiency, autoimmune disease, infec-
tions, medication - especially novel anti-cancer drugs,
neoplasia - especially CLL/NHL, and transplants have all
been suggested as important risk factors for AIHA de-
velopment [29]. The clinical course of AIHA can vary
from mild to severe and life-threatening forms. The
course of AIHA may be chronic or recurrent, and, very
rarely can be episodic. It is estimated that the mortality
in AIHA is about 10% [17, 30–32].

Pathogenesis of AIHA
It is generally thought that autoimmunity is a result of
the interaction of genetic predisposition and environ-
mental factors. All components of the immune system,
i.e. autoantibodies, cytokines, the complement system,
phagocytes, B and T lymphocytes including cytotoxic
CD8 + T cells and CD4 + T regulatory cells (Tregs), and
NK cells are important players in the pathogenesis of
AIHA, and all change with age. Similar to other auto-
immune disorders, the development of AIHA is associ-
ated with dysregulation of the central and peripheral
self-tolerance and the presence of autoreactive T and B
cells [33, 34]. Naturally occurring CD4+ and CD25+
Tregs contribute to immunologic self-tolerance by sup-
pressing potentially autoreactive T cells. A study on a
murine model of AIHA showed that defective suppres-
sive activity of CD4+ and CD25+ Tregs may be essential
for the induction of autoantibodies against RBC and the
maintenance of AIHA [35]. On the other hand, the find-
ings of Richards et al. based on a study of other murine
models of AIHA suggested that Tregs are not required
for the prevention of RBC autoimmunity [36]. Howi
et al. reviewed the current findings of existing animal
models of AIHA and pointed to oxidative stress as a risk
factor for AIHA and the reticulocytes as a target for
pathogenic autoantibodies [37]. In particular, it was
demonstrated in one model that reticulocytes had in-
creased autoantibodies on their surface, produced more
reactive oxygen species (ROS), and were preferentially
cleared from the circulation [38]. The same group of
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researchers showed that anti-RBC pathogenic autoanti-
bodies preferentially bound to reticulocytes and induced
phosphatidylserine expression [39]. These results may
thus explain why, in a subset of AIHA cases, reticulocy-
topenia is observed. Further findings from animal
models showed that peripheral tolerance mechanisms
may be more critical than thymic central tolerance [37].
T helper type 17 (Th17) cells and Treg cells share a

common precursor cell (the naive CD4+ T cell), but play
different roles in the immune response: Th17 cells are
engaged in the development of inflammation and auto-
immunity, whereas Treg cells inhibit these phenomena
and maintain immune homeostasis. Xu et al. observed
an increased number of Th17 cells in patients with
AIHA, and the frequency of Th17 was closely related to
the disease activity [40]. Furthermore, their results
showed a close correlation between interleukin 17 (IL17)

and the disease activity of patients with AIHA. They also
confirmed the findings that Th17 cells can contribute to
the development of AIHA [40]. It was demonstrated that
the immune dysregulation present in AIHA may be as-
sociated with specific cytokine gene polymorphisms,
which may then result in a Th17/Tregs imbalance [41–
43]. Recent research into the AIHA mouse model has
demonstrated the role of T follicular helper cells (Tfh)
and T follicular regulatory cells (Tfr) in participating in
B cell differentiation and regulation of anti-RBC anti-
body production [44]. The results of a recent study re-
vealed that AIHA is also associated with the presence of
clonal expansions of CD8+ T cells, yet the immune
clones persisted during remission of AIHA and did not
correlate with disease severity, duration, nor hemoglobin
level, and were probably induced and accumulated dur-
ing the autoimmune process [45].

Table 1 Most common secondary conditions associated with different types of AIHA [5–7]

Type of AIHA Etiology

Warm AIHA Hematologic disorders and lymphoproliferative diseases (CLL, Hodgkin’s and non-Hodgkin’s lymphoma)

Solid malignancy (thymoma, ovarian or prostate carcinoma)

Autoimmune diseases (SLE, Sjögren syndrome, sytemic sclerosis, rheumatoid arthritis, colitis ulcerosa, PBC)

Viral infections (HCV, HIV, VZV, CMV, SARS-CoV-2)

Bacterial infections (tuberculosisis, pneumococcal infections)

Leishmania parasites

Bone marrow or solid-organ transplantation

Primary immune deficiency syndromes (CVID, ALPS)

Sarcoidosis

CAD Lymphoproliferative diseases (Waldenström macroglobulinemia, non-Hodgkin’s lymphoma)

Solid malignancy

Infections (parvovirus B19, Mycoplasma sp., EBV, adenovirus, influenza virus, VZV infections and syphilis)

Autoimmune disease

Post-allogeneic HSCT

PCH Bacterial infections (Mycoplasma pneumoniae, Haemophilus influenzae, Escherichia coli infections and syphilis)

Viral infections (adenovirus, influenza A virus, VZV infection; mumps, measles)

Myeloproliferative disorders

Mixed AIHA Lymphoma

SLE

Infection

DIIHA Antibiotics (cephalosporins, beta-lactamase inhibitors, cotrimoxazole)

Antiviral drugs: HAART

Anti-PD-1 monoclonal antibodies (nivolumab, pembrolizumab)

Chemotherapy (carboplatin, oxaliplatin)

Non-steroidal anti-inflammatory drugs (diclofenac)

Others: methyldopa

AIHA autoimmune haemolytic anaemia, ALPS autoimmune lymphoproliferative syndrome, anti-PD-1 anti programmed death-1, CAD cold agglutinin disease, CLL
chronic lymphocytic leukaemia, CMV cytomegalovirus, CVID common variable immunodeficiency, DIIHA drug-induced immune hemolytic anaemia, EBV epstein-
barr virus, HAART highly active antiretroviral therapy, HCV hepatitis C, HIV human immunodeficiency virus, HSCT haematopoietic stem cell transplantation, PBC
primary biliary cirrhosis, PCH paroxysmal cold haemoglobinuria, SLE systematic lupus erytremathosus, VZV varicella zoster virus
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About half of the cases of warm AIHA are recognized
as secondary to underlying diseases, among others, in-
fections. Molecular mimicry between self-antigens and
pathogen antigens has been highlighted as one of the
potential mechanisms by which pathogens could be in-
volved in the induction and progression of AIHA [33,
34, 46]. It has been shown that a human immunodefi-
ciency virus (HIV) infection may induce production of
autoantibodies, owing to molecular mimicry [47]. More-
over, HIV infection is an independent risk factor for
AIHA and increases the incidence of AIHA more than
20-fold [8, 48]. In the case of HIV infection, as well as in
other immunodeficiencies (e.g. common variable
immunodeficiency - CVID and autoimmune lymphopro-
liferative syndrome - ALPS), loss of immunological toler-
ance is essential [49–51].
There is also increasing evidence on the role of react-

ive oxygen species (ROS) in AIHA pathogenesis [34].
Iuchi et al. showed that increased oxidative stress in
RBC caused by cytoplasmic Cu-Zn superoxide dismutase
(SOD1) deficiency is associated with anemia and triggers
autoantibody production [52]. In SOD1-deficient mice
an elevation of the ROS levels in RBCs, oxidation of
RBC components, and augmented production of auto-
antibodies in RBCs have been observed, with lipid perox-
idation products, such as 4-hydroxy 2-nonenal and
acrolein, present as epitopes for autoantibodies on RBC
membranes [53]. Moreover, increased autoantibodies
against RBCs correlated with elevated levels of ROS in
these cells [34]. Additionally, animal AIHA models re-
vealed that transgenic overexpression of human SOD1
in erythroid cells extended the life of mice and amelio-
rated AIHA symptoms [54], while antioxidants such as
N-acetyl cysteine suppressed autoantibody production,
supporting the oxidative stress theory of AIHA [34]. In
addition, plasma-free heme, a breakdown product of
hemoglobin released in the course of hemolysis, induces
the formation of neutrophil extracellular traps (NET)
through ROS signaling, thus affecting the regulation of
immune cell function [55].
A study by Buerck et al. pointed out the importance of

shear stress in the induction and progression of the
autoimmune response and accelerated senescence of
RBC [56]. Their results showed increased binding of IgG
to the RBC membrane exposed to high shear stress, indi-
cating conformational changes in the RBC membrane
protein, most probably the senescent antigen of band 3,
thus exposing epitopes to naturally occurring antibodies
(Fig. 1).
The microvesicles released from stored RBCs contain

lipid raft proteins and oxidized signaling components
commonly associated with the senescence of RBCs, the
vesiculation contributes to irreversible membrane changes
and activates an immune response [57, 58] (Fig. 2).

Current observations suggest that erythrocyte-derived
extracellular vesicles (EVs) from stored RBC units have
immunomodulatory properties, including B lymphocyte
vitality, plasma cell differentiation, and antibody produc-
tion [59], and thus could influence the course of AIHA in
patients receiving blood transfusions.
The genetic burden of AIHA has also been extensively

investigated. In 1995 Michaux et al. found that trisomy 3
is a consistent chromosome change in CAD preceding
lymphoproliferative malignancies [60]. Next-generation
sequencing of bone marrow B-cells revealed recurrent
KMT2D and CARD11 gene mutations in CAD patients
[61]. The findings of a current study using cytogenetic
microarrays and exome sequencing allowed for the iden-
tification of highly recurrent increases of chromosomes
3 and 12 or 18 in CAD-associated lymphoproliferative
disease [62]. Furthermore, these genetic features of
chromosome instability were similar to those demon-
strated in nodal and extranodal marginal zone lymph-
oma (MZL) [63]. Genetic predisposition and immune
dysregulation have also been reported in autoimmune
phenomena in patients with chronic lymphocytic
leukemia (CLL). It was observed that almost all patients
with CAD presented with monoclonal antibodies
encoded by the IGHV4–34 gene responsible for the
binding of I antigen [64–66]. Furthermore, microRNAs
(miRNAs) are another factor implied in the gene expres-
sion disturbances found in CLL, and they have been
found to be involved in both CLL and autoimmune cyto-
penia pathogenesis [64, 67, 68]. Regarding AIHA sec-
ondary to CLL, abnormalities in the regulatory
mechanisms of the immune response were observed, in-
cluding down-regulation of miRNAs [69], the presence
of autoreactive polyclonal B cells (mainly IgG class) and
neoplastic monoclonal B lymphocytes (mainly IgM class)
[64], induction of autoreactive Th cells through B cell
activator (BAFF) and a proliferation inducing ligand
(APRIL), formation of nonfunctional Tregs [70], reduc-
tion of Toll-like receptors (TLR4), a lower expression of
TLR2, and an increases of TLR7, TLR9, and TLR10 [71].

AIHA characteristic
The clinical picture of AIHA and the main pathological
mechanisms differ slightly depending on the type of
AIHA. In wAIHA (as with other types of AIHA), slight
hemolysis may occur unnoticed, but increased hemolysis
may lead to severe tissue hypoxia. Significant yellowing
of the skin is observed with extensive hemolysis. Mild to
moderate splenomegaly is often observed in active
hemolysis, but disproportionate splenomegaly or nodular
splenomegaly is characteristic in secondary forms, espe-
cially in lymphoproliferative diseases [9, 10, 32]. Auto-
antibodies in wAIHA, usually of class IgG, and/or
complement, are attached to and destroy RBCs at about
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37 °C, mainly in the process of extravascular hemolysis
in the spleen. Additionally, IgG antibodies also have the
ability to weakly activate complement and deposit C3
fragments on RBCs, which leads to their destruction by
Kupffer cells in the liver (Fig. 3). Moreover, activation of
the terminal complement pathway can lead to the for-
mation of a membrane attack complex (C5b-9; MAC)
on the surface of RBCs and cause intravascular
hemolysis [9, 73]. Hence, during diagnostics, DAT is
positive for IgG only or for IgG ± C3d, while cold agglu-
tinins are negative (Table 2).
In CAD, symptoms are associated with temperature

fluctuations, and rapid cooling can trigger hemolysis.
Usually, symptoms associated with the presence of

anemia dominate. Under the influence of cold, bruising
and/or redness of the skin on distal parts of the body ap-
pear, i.e. acrocyanosis. Prolonged cold exposure may re-
sult in ischemia and necrosis [74].
Cooling of distal parts of the body, such as fingers,

nose, and ears, leads to the activation and binding of
IgM autoantibodies to the erythrocyte membrane,
followed by agglutination of RBCs (Fig. 4). The antigen-
IgM complex present on the red blood cell binds the C1
component of the complement, which leads to the acti-
vation of the complement pathway and formation of the
C3b component. When the blood temperature rises to
about 37 °C IgM antibodies detach from the complex,
but the C3b component remains on the erythrocyte

Fig. 1 A schematic visualization of RBCs exposed to shear stress
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Fig. 2 A schematic visualization of erythrocyte senescence and microvesicle generation
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membrane. Enzymatic conversion of the C3b component
occurs on non-hemolyzed cells, and the C3d component
is detected in DAT [75, 76].
The mixed form of AIHA accounts for less than

10% of all cases, with the course of disease usually
chronic and not associated with cold. Antibody acti-
vation occurs in a wide temperature amplitude (usu-
ally > 30 °C) [73, 77].

PCH should be considered in the evaluation of any pa-
tient under 18 years old with hemolysis associated with
exposure to cold and concomitant infections. In addition
to the symptoms of the underlying disorder, the clinical
manifestations of PCH include back or leg pain, abdom-
inal cramping, fever or chills, jaundice, and dark (red to
brown) urine especially at the beginning of urination
[78, 79]. Since the hemolysis is mainly intravascular,

Fig. 3 Hemolysis in the course of warm AIHA: the main pathological mechanisms and sites of hemolysis, adapted and modified from Berentsen
and Sundic [72]. Antibody-coated RBCs are ingested and degraded by macrophages or destroyed by antibody dependent cell cytotoxicity in the
spleen. Some of the erythrocytes are only partially phagocytosed and form microspherocytes which return to the circulation. Microspherocytes
have rigid cellular membrane and lack flexibility which causes their sequestration in the spleen. Weak activation of complement by Ig G
antibodies leads to extravascular hemolysis in the liver
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patients with PCH do not always have severe signs or
significant clinical symptoms. PCH is caused by poly-
clonal IgG type antibodies that bind to RBCs in cold
temperatures (colder than normal body temperature)
and fix complement causing complement-mediated
intravascular hemolysis upon reheating. The thermal
amplitude is most commonly < 20 °C [20, 73, 77].

AIHA diagnosis
In AIHA, as in the course of other hemolytic anemias,
normocytic anemia with spherocytes is found in the

peripheral blood smear. Reticulocytosis (although reticu-
locytopenia sometimes occurs) is a typical finding in
hemolytic anemia but not a specific marker and indi-
cates an active and accelerated, compensatory produc-
tion of erythrocytes in the bone marrow in response to
hemolysis. The use of the bone marrow responsiveness
index (BMRI) - calculated as the absolute reticulocyte
count x patient’s Hb/normal Hb - in the assessment of
insufficient erythropoiesis has been proposed [80]. In-
creased indirect (unconjugated) bilirubin levels, low or
absent serum haptoglobin, elevated lactate

Table 2 Serologic characteristics of different types of AIHA [3, 11, 74]

Type of
AIHA

Antibody type Typical DAT RBC
eluate

Antigen specifity Antibody titre at
4 °C

Warm AIHA IgG (rarely IgA or
IgM)

IgG or IgG +
C3

IgG panreactive –

CAD IgM C3 nonreactive usually anti-Ia usually > 1:500

PCH biphasic IgG C3 nonreactive usually anti-P < 1:64

Mixed AIHA IgG, IgM IgG + C3 IgG usually lack specifity of warm IgG, cold antibody
differentlyb

cold antibodies < 1:
64

DIHA Ig G IgG or IgG +
C3

IgG often Rh-related –

asometimes anti-i, rarely anti-Pr
banti I, anti-i or lack specificity

Fig. 4 Hemolysis in CAD, adapted and modified from Berentsen et al. [72, 74]. Activation of the complement cascade caused by the reaction of
cold agglutinins with RBCs leads to intravascular and extravascular hemolysis. Extravascular hemolysis is associated with complement activation
and destruction of RBCs by the mononuclear phagocytic system, mainly in the liver. Intravascular hemolysis is a result of the formation of
membrane attack complex (MAC), composed of C5b, C6, C7, C8, and C9
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dehydrogenase (LDH) and an increase in urinary urobili-
nogen are all hallmarks of hemolysis. Hemoglobinuria,
which is an early symptom, indicates intravascular
hemolysis. After about a week, hemosiderin can be de-
tected in the urine [80]. The DAT confirms the immune
mechanism. Sometimes low autoantibody titeres below
the threshold of the test or no appropriate antibody test-
ing can give a negative DAT despite the presence of
AIHA. 5–10% of AIHA cases fail to obtain a DAT posi-
tive despite highly sensitive tests [2].
In the DAT, monospecific anti-globulins are used to

detect autoantibodies directed against immunoglobulins,
particularly IgG (IgG1 or IgG3) and a fragment of the
third complement of complements C3d and C3c, or
both, on the RBC surface. The study uses kits containing
anti-IgG monospecific antibodies specific for anti-IgA,
anti-IgM, anti-C3d, and anti-C3c. In contrast to the
DAT, confirmation of free anti-RBC antibodies in the
patient’s serum is possible by means of an indirect anti-
globulin test (IAT; indirect Coombs test), whereas free
IgM antibodies are examined in a low ionic strength so-
lution (LISS) or through cold washing, which may over-
come low-affinity autoantibodies. Obtaining the eluate
by detaching antibodies from RBCs and assessing their
reaction with donor erythrocytes confirms the presence
of these autoantibodies. Meanwhile, cold agglutinin titer
is a diagnostic test for CAD. Autoantibodies are mono-
clonal in CAD and in CAS secondary to lymphoma, but
polyclonal in CAS secondary to infection [74]. A pre-
dominance of kappa chains (κ) appears in CAD mono-
clonal IgM, sometimes a few percent of lambda light
chains (λ) are possible [22, 74]. For persons under the
age of 18, with atypical serology and/or hemoglobinuria
or cold-induced symptoms (acrocyanosis, livedo reticu-
laris, or Raynaud phenomenon), a Donath-Landsteiner
test is performed [9, 73, 77]. In the differential diagnosis,
secondary causes of AIHA and underlying conditions
and medications should be considered. Due to the sig-
nificantly increased risk of venous thromboembolism in
AIHA [81], immediate diagnosis is recommended. Bone
marrow examination is indicated in CAD patients aged
> 60 years, clinical presentation (weight loss, lymphaden-
opathy or hepatosplenomegaly) and/or peripheral blood
smear abnormalities (lymphocytosis, and/or cytopenias)
to exclude primary CAD-associated lymphoproliferative
disorders [73]. Bone marrow evaluation is also recom-
mended in relapsed or refractory wAIHA and in CAD at
diagnosis [29]. Bone marrow studies in patients with pri-
mary AIHA have yielded interesting observations.
Histopathological examination of bone marrow in 40
out of 54 patients with primary CAD revealed intrapar-
enchymatous nodules with small uniform monoclonal B
cells and sometimes scattered B-cells. The bone marrow
image and genetic test were different from the known B-

cell lymphoma [82]. In a study of 47 patients with differ-
ent types of AIHA, bone marrow fibrosis (BMF) was
found in more than 1/3 of the patients, while at least 2/3
of them had increased bone marrow cellularity (not only
the erythroid lineage) and dyserytropoiesis [83]. Patients
with fibrosis, hypercellularity and dyserytropoiesis more
often required second and subsequent treatment lines
[83]. In another study involving 99 patients with primary
AIHA, a paroxysmal nocturnal hemoglobinuria (PNH)
clone was found in 1/3 of them. Patients with accom-
panying PNH clones had higher LDH and a higher
hemolytic pattern [84].

AIHA treatment
AIHA treatment requires an individual approach to each
patient, sometimes with repeated evaluation of the clin-
ical condition and modification of therapy. Elderly pa-
tients have a lower tolerance for anaemia and therefore
more often require treatment, and the treatment is more
likely to have adverse drug reactions, drug interactions
and therapy toxicity. Treatment depends on the type of
AIHA, the presence and severity of clinical symptoms,
the underlying diseases that caused the AIHA, and the
presence of concomitant comorbidities. In general,
symptomatic anemia is primarily an indication for ther-
apy in both newly diagnosed and persistent AIHA. In
the treatment of secondary AIHA, it is crucial to treat
any underlying autoimmune diseases.
For all symptomatic cases, regardless of the severity

of AIHA, each patient should receive folic acid and any
other vitamin supplements necessary. Red blood cell
transfusions should be limited only to critical cases
with severe anemia (hemoglobin < 6 g/dL) and/or
hemodynamically unstable patients, which is particu-
larly common when treating the elderly [9]. Prevention
of gastrointestinal bleeding, osteoporosis and Pneumo-
cystis jirovecii infection should also be considered in
patients on chronic GKS therapy [3]. Prophylaxis of
VTE should be considered in inpatients and outpatients
in the presence of hemolysis and additional risk factors
for VTE. This is often considered during acute
hemolysis or after a splenectomy [3, 81]. Intravenous
immunoglobulin, plasma exchange, emergency splenec-
tomy or partial splenic embolization are rescue therap-
ies for emergency situations. In patients with severe
AIHA, with a frequent need for blood transfusions and
significant reticulcytopenia, an erythropoiesis-
stimulating agent may be considered [3, 85].
Infections may underlie secondary AIHA, or may also

be a result of therapy, and worsen the course of AIHA.
Therefore, active testing for and prompt treatment and
prevention of infections (especially Mycoplasma pneumo-
niae, hepatitis B and C, HIV, EBV, CMV, parvovirus B19,
tuberculosis) is recommended [3, 29, 74, 86]. B-cell
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depleting therapies (e.g. RTX) are associated with possible
reactivation of a hepatitis B infection, therefore antiviral
prophylaxis is advised [87]. Before splenectomy, vaccina-
tions against Haemophilus influenzae, Meningococcus
and Pneumoccoccus species are recommended [9].

Warm AIHA treatment
GKS is a first-line therapy in newly diagnosed patients
with wAIHA [3]. Prednisone is usually administered or-
ally at a starting dose of 1 mg/kg, or optionally an
equivalent dose of methylprednisolone administered
intravenously. Approximately 80% of patients improve
within 2–3 weeks [88, 89]. Long-term remissions after
GKS withdrawal are achieved only in 20–30% of cases
[30, 32]. When there is no improvement after about 3
weeks of GKS therapy, other medications are usually
added. It has been reported that combined therapy of ri-
tuximab (RTX - a chimeric human IgG1-κ monoclonal
antibody against the protein CD20) with GKS, as a first-
line treatment, gives a better response than GKS mono-
therapy [90, 91]. Furthermore, based on a recently
published meta-analysis, RTX treatment is more effect-
ive than treatments without RTX, for AIHA and micro-
angiopathic hemolytic anemia [92].
It is important to note that adding rituximab therapy

reduces the need for repeated GKS treatment, also in
steroid-dependent patients, which is particularly benefi-
cial for old patients with co-morbidities. In these groups
especially, GKS therapy increases the risk of numerous
adverse effects when given for a prolonged period, in-
cluding gastrointestinal bleeding, osteoporosis, diabetes,
etc. In order to reduce the effects of chronic steroid
therapy, it is recommended to prevent osteoporosis in
all patients over 50 years of age and proton pump inhibi-
tors in patients aged over 60 years old and regardless of
the age when using non-steroidal anti-inflammatory
drugs (NSAID), anticoagulant or antiplatelet agents [77].
RTX gives a response rate of 70–80% in the second-line
treatment of AIHA [91, 93, 94] administered usually at
doses of 375 mg/m2 once weekly for 4 weeks. A 10-year
prospective study showed the efficacy (both short-term
and long-term outcome) of low doses of RTX (100mg
fixed dose once weekly for 4 weeks) in primary AIHA,
with better effects in wAIHA [95], however, with a sig-
nificant rate of relapses within 2 years. The effectiveness
and safety of RTX therapy has also been demonstrated
in older patients [96]. Based on a study of 23 elderly pa-
tients (median age 78 years) with refractory wAIHA, the
response was 86.9% and median overall survival (OS)
was 87 months [96]. Unfortunately, a significant percent-
age had relapses within 2 years. An extremely rare com-
plication of RTX therapy is progressive multifocal
leukoencephalopathy caused by JV virus reactivation [9].

Splenectomy may be considered as the third line op-
tion of wAIHA treatment [3]. Of patients with primary
wAIHA, 40–90% achieve a response after splenectomy,
but relapse occurs in about 80% of patients [32, 80, 97,
98]. Splenectomy is an invasive and irreversible form of
treatment and carries an increased risk of thrombosis
and encapsulated bacterial infections. In recent years,
however, the risk of complications and mortality associ-
ated with splenectomies has been reduced, however,
there are no data on the efficacy and safety of this ther-
apy in elderly wAIHA patients [99].
Immunosuppressive drugs, especially azathioprine and

mycophenolate-mofetil are an alternative to RTX in
wAIHA associated with SLE [3]. Furthermore, previously
suggested treatment lines such as cyclophosphamide or
autologous bone marrow transplantation [9] have a
weaker evidence base and carry greater risks of potential
complications [3]. Combination therapy with various
drugs shows better results, as demonstrated by Kaufman
and colleagues in the case of immune cytopenias in CLL.
CTX plus rituximab plus dexamethasone gave a 100%
response [100]. Treatment of CLL associated AIHA de-
pends on the stage of CLL. Management of AIHA in the
early stage of CLL is the same as in primary AIHA. Pa-
tients with CLL requiring therapy (stage III/IV according
to Rai or Binnet C stage) or who do not respond to GKS
and RTX need CLL target therapy [3].

CAD and PCH treatment
Treatment of mild CAD is not recommended, especially
for patients when Hb is > 10 g/dl. Patients with coexist-
ing diseases such as ischaemic heart disease, cardiomy-
opathy, or chronic obstructive pulmonary disease and
symptoms indicating hypoxia may require treatment
with higher levels of Hb [3]. In CAD patients, thermal
protection of distal parts of the body against cooling is
advised. Rituximab alone or in combination with other
drugs, especially bendamustine, is currently the first-line
treatment for severe CAD [3, 74]. Based on two pro-
spective RTX studies, an overall response rate (ORR) of
between 45 and 54% was achieved, but remissions were
not durable [86, 101]. Berentsen reported the longest
median response of 11 months [22]. Based on a meta-
analysis by Reynaud et al. the ORR for RTX in CAD was
57%, but the complete response rate (CRR) was only
21% [94]. Combined therapy of RTX with bendamustine
gave a response of 71%, including 40% CRR with accept-
able toxicity in fit patients [102]. In contrast, after
immunochemotherapy based on RTX with fludarabine
the observed response rate was 76% of patients (includ-
ing 21% CRR) and with a median remission of 66
months [103]. Another treatment option is eculizumab,
a humanized monoclonal antibody that inhibits C5 level
complement. In a prospective, non-randomized phase 2
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trial with eculizumab in patients with CAD, a decrease in
hemolysis severity and a decreased necessity for blood
transfusion were demonstrated [104]. The high efficacy of
eculizumab in fulminant hemolytic anemia in primary
CAD has also been reported [105]. There have also been re-
ports of the effective inhibition of hemolysis by eculizumab
in severe, idiopathic wAIHA cases which did not respond
to GKS, intravenous immunoglobulin, mycophenolate mo-
fetil and RTX [106]. In the case of severe hemolysis,
plasmapheresis is considered, which is highly effective in re-
moving cold agglutinins, however, only for a short time. In
order to avoid complement activation induced by plasma
infusion, plasmapheresis must be performed with albumin
as a replacement fluid [107].
Splenectomy is not recommended for CAD because

the liver is the main location for extravascular hemolysis.
Transfusion of RBCs using warmer blood may be neces-
sary when indicated in severe symptomatic anemia [74].

Future prospects of AIHA therapy
Along with a better understanding of AIHA pathogen-
esis, a need for new and more effective AIHA therapies

arises. The targets of new therapies in AIHA are mainly
the B lymphocytes, T lymphocytes and the complement
cascade, but they also include the spleen tyrosine kinase
(SYK) on macrophages and the neonatal crystallizable
fragment of the receptor (FcRn) present on many cells,
including endothelial cells and macrophages (Fig. 5).
New groups of drugs are in different phases of clinical
trials, as shown in Table 3.
Regarding treatment modulating the function of

lymphocytes, the interleukin 2 receptor (IL2R), the phos-
phatidylinositol 3-kinase (PI3K), and mTOR (mamma-
lian target of rapamycin) axis are considered to be
promising treatment targets. Sirolimus and IL2 disrupt
the function of pathological lymphocytes T. Idelalisib
and PI3K δ inhibitor alter the PI3K axis and lead to
pathological lymphocyte B dysregulation. Sirolimus has
been shown to be effective in the management of AIHA
in children after transplantation [109] and resistant
AIHA [110]. Plasma cells are especially targeted by pro-
teasome inhibitors and anti-CD38 antibodies. In a retro-
spective study, bortezomib (the first registered
proteasome inhibitor) together with other drugs elicited

Fig. 5 New, potential drugs targeting mainly immune cells, adapted and modified from Michalak [108]. BTK - Bruton’s tyrosine kinase, CD - cluster
of differentiation - cell surface antigen, FcRn - neonatal crystallizable fragment of the receptor, IL 2 - interleukin 2, IL 2R - interleukin 2 receptor,
mTOR - mammalian target of rapamycin kinase, PI3K - hosphatidylinositol 3-kinase, PI3K/AKT - intracellular signaling pathway, SYK - spleen
tyrosine kinase, SYNT001 - monoclonal antibody (Orilanolimab)

Michalak et al. Immunity & Ageing           (2020) 17:38 Page 11 of 16



a positive response in patients with refractory wAIHA
[111, 112]. Daratumumab (anti CD38 monoclonal anti-
body) has shown a rapid and sustained response in the
treatment of refractory AIHA after HSCT in children
[113] and in adults [114]. Proliferation disorder and
apoptosis of pathological B lymphocytes is obtained by
means of bruton tyrosine kinase (BTKs) inhibitors and
antibodies directed against CD20 or CD52. Recent single
reports indicate that acalabrutinib, a new BTK inhibitor,
used in therapy for relapsed/refractory CLL, may also re-
duce the incidence of concomitant autoimmune cytopenia
including AIHA [115]. New anti-CD20 antibodies with
potential significance for AIHA have been developed, in-
cluding ofatumumab [116]. It has been shown that treat-
ment based on alemtuzumab (anti CD52 monoclonal
antibody) and RTX induced a short-term response in a
group of 8 patients with primary AIHA [117].
Macrophages are the target of SYK inhibitors and fos-

tamatinib is the first drug from this group. Fostamatinib
impairs macrophage function and blocks off the phago-
cytosis of RBCs coated with antibodies. Orilanolimab
(SYNT001) is a humanized monoclonal antibody which
blocks the interaction between the neonatal crystallizable
fragment receptor (FcRn) and IgG. FcRn is responsible
for salvaging IgG from lysosomal degradation. By pre-
venting FcRn/IgG binding, orilanolimab blocks the
FcRn-mediated rescue of IgG, enables IgG degradation
and also reduces the serum concentrations of the total

IgG [118]. In a review of current clinical trials, there are
other anti-FcRn monoclonal antibodies that reduce the
amount of IgG: M281 (nipocalimab) and RVT-1401.
Complement modulation in AIHA therapy is currently

possible at 3 levels: at the C1 complex level (which in-
cludes C1q, C1 r, C1 s), at the C3 and at the C5 conver-
tases of the complement pathway (Table 4).
Drugs which block the initial classical complement

pathway, but also the lectin pathways, include peptide C1
complement inhibitors (PIC1) [119]. TNT003 is a murine
monoclonal antibody which targets the specific serine pro-
tease C1s, and its effectiveness has been investigated
in vitro and in vivo [120, 121]. Sutimlimab - a humanized
anti-C1 monoclonal antibody (formerly called BIVV009 or
TNT009) rapidly inhibits hemolysis in patients with CAD,
increases Hb and resolves anemia, furthermore the pa-
tients remain transfusion-free [122, 123].
No clinical trial results have yet been published with

regard to ANX005 (a humanized anti-C1q antibody) use
in CAD. For now the studies have been conducted
in vitro with mouse erythrocytes and also with human
serum patients with CAD [124]. Inhibiton of C3 activa-
tion of the complement system does not prevent
hemolysis via the classical pathway, but it can eliminate
hemolysis mediated by an alternative pathway. The ef-
fects of Compstatin Cp40, which inhibits opsonization
by C3b of erythrocytes, have been shown in in vitro and
preclinical studies [125–127]. Eculizumab blocks the

Table 3 Ongoing clinical trials of new drug groups in AIHA
Intervention/ treatment Group of agents Condition or disease Phase of study ClinicalTrials.gov

Sirolimus plus ATRA mTOR inhibitor plus tretinoin refractory AIHA 2 and 3 NCT04324411

Idelalisib vs. ibrutinib PI3Kδ inhibitor vs. BTK inhibitor autoimmune cytopenia in the course of CLL retrospective NCT03469895

Parsaclisib PI3Kδ inhibitor AIHA 2 NCT03538041

Ibrutinib BTK inhibitor steroid refractory warm AIHA 2 NCT03827603

refractory/relapsed AIHA 2 NCT04398459

Ibrutinib or idelalisib BTK inhibitor AIHA associated with CLL retrospective NCT03469895

Interleukine-2 cytokine resistant, warm AIHA 1 and 2 NCT02389231

Low dose rituximab plus alemtuzumab anti CD20 antibody plus anti CD52
antibody

refractory autoimmune cytopenias 2 and 3 NCT00749112

Fostamatinib SYK inhibitor warm AIHA 3 NCT03764618

2 NCT02612558

SYNT001 (ALXN1830) anti-FcRn antibody warm AIHA 1 and 2 NCT03075878

SYNT001 (ALXN1830) vs. placebo 2 NCT04256148

M281 2 and 3 NCT04119050

RVT-1401 2 NCT04253236

Levamisole plus prednisolone immunomodulatory drug plus GKS warm AIHA 2 NCT01579110

BIVV009 (Sutimlimab) complement C1 inhibitor CAD 3 NCT03347422

3 NCT03347396

APL2 complement C3 inhibitor warm AIHA, CAD 2 NCT03226678

AIHA autoimmune hemolytic anemia, ATRA all trans-retinoic acid, BTK Bruton’s tyrosine kinase, CLL chronic lymphocytic leukemia, FcRn neonatal crystallizable
fragment of the receptor, mTOR mammalian target of rapamycin kinase, PI3K phosphatidylinositol 3-kinase, SYK spleen tyrosine kinase
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complement at the C5 level and is sometimes used in
persistent, severe AIHA [104–106]. In silico and in vitro
research is ongoing to find new compounds that could
inhibit the initial complement pathways. Studies showed
that potentially the highest activity compound was 1,2,4-
triazole [128].

Conclusions
AIHA is a rare, heterogeneous group of diseases in
which, despite the wealth of research on its pathogenesis
and treatment, there are still many issues to be resolved.
The complex diagnostics and treatment of AIHA require
an individual approach. In refractory or recurrent cases,
sequential treatment lines are used. AIHA is still a dis-
ease that causes difficulties in the treatment and this is
why it is important to develop research into new drugs
in AIHA. Research into new drugs in the treatment of
AIHA targeting B cell and plasma cells, T cells and mac-
rophages is developing intensively. An increase in know-
ledge on the role of the complement in autohemolysis
has contributed to the development of drugs that inhibit
the complement pathways at various levels. It would be
advisable to keep an AIHA registry in each country,
which would facilitate data collection, monitoring and
awareness of this disease. To collect data, it would be
necessary to use not only consistent terminology, includ-
ing recognition and classification criteria, but also uni-
form response criteria. Studies comparing the effects of
different therapies on the quality of life and the need for
blood transfusions would be useful. Further clinical and
basic research on treatment options is warranted and
the paucity of data on special characteristics of older pa-
tients requires more attention.
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