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Chronic lymphocytic leukemia (CLL) patients have a greater predisposition to develop autoimmune complications. The
most common of them is autoimmune hemolytic anemia (AIHA) with a frequency of 7-10% of cases. Pathogenesis is
multifactorial involving humoral, cellular, and innate immunity.
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| 1. Introduction

1.1.CLL

CLL is one of the most common types of leukemia in the western world, representing approximately 20% of all
hematological diagnoses [L. The median age at diagnosis is between 67 and 72 years. CLL is a malignant lymphoid
neoplasm characterized by progressive accumulation of functionally incompetent lymphocytes, which are usually
monoclonal in origin. CLL has an extremely heterogeneous clinical course, ranging from years of stable disease to rapidly
progressive disease 2.

1.2. CLL and Dysregulation

CLL patients have defects in humoral and cell-mediated immunity, represented by hypogammaglobulinemia, and
functional alteration in T cell subsets, complement, neutrophils, and monocytes. CLL B-cells allow activation and
propagation of immune dysregulation through immunosuppressive cytokines or by downregulation of surface molecules.
Thus, defects in immunoglobulins class switching and B-cell function generate a progressive hypogammaglobulinemia
that is typical for CLL patients, in particular regarding subtypes IgG3 and IgG4 generating risk of recurrent infection
sustained by encapsulated organisms. Moreover, in a CLL progression setting, there is an expansion of circulating T cells
that may be anergic, and with compromised proliferative potential, but able to produce cytokines B4, |mmune
dysregulation generates a raised risk of cancers and opportunistic infections such as herpes zoster virus and
cytomegalovirus and also autoimmune phenomena, in particular cytopenia, in CLL patients 4,

| 2. CLL and AIHA

Growing evidence since 1960s highlights how blood components are the main target of autoimmunity in CLL. The most
frequent autoimmune cytopenias (AICs) are autoimmune hemolytic anemia (AIHA, 7-10%) and immune
thrombocytopenia (ITP, 1-5%), while pure red cell aplasia (<1%) and autoimmune neutropenia (0.17%) are unusual. AIHA

can present in up to a third of patients with CLL during the course of their disease, while in 10-15% cases at diagnosis &
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2.1. Pathogenesis of AIHA

From a clinical point of view, AIHA is a heterogeneous condition, from fully compensated to life threatening. It is caused by
autoantibodies directed against red blood cells (RBCs), with or without complement activation. In general, AIHA can be
primary (idiopathic, 50%) or secondary to an underlying condition, such as lymphoproliferative disease (20%), infections
(20%), immunodeficiency, and cancer.

The mechanisms for RBC destruction may be represented by intravascular or extravascular hemolysis. AIHA is defined
according to autoantibody thermal characteristics B warm AIHAs (WAIHAs) is 70-80% of cases; involved
antibodies are polyclonal IgG and direct antiglobulin test (DAT) is positive for IgG or 1gG plus complement fraction 3d
(C3d). This type of AIHA is called warm because antibodies act at 37 °C. Density of these RBC antigens is usually not



high enough to fix complement. Macrophages clear opsonized RBC in extravascular sites 111, Cold AIHAs (CAIHA) are
usually sustained by monoclonal IgM able to fix complement at low temperatures generating complement-mediated RBC
intravascular lysis and DAT is usually positive only for C3d. A small number of patients have a mixed form of AIHA with a
positive DAT for both IgG and C3d indicating presence of warm IgG autoantibodies and high titer cold agglutinine. Cold
agglutinin disease (CAD) is due to clonal or oligoclonal IgM antibody binding to RBC antigens at low temperatures.
Complement binding is defined by IgM structure and high antigen density on RBC, with RBC aggregation and
complement activation. This may be complete causing intravascular hemolysis or incomplete with extravascular one 12
(131 AIHA pathogenesis involves humoral, cellular, and innate immunity. As regard the first, polyclonal high-affinity 1gG
autoantibodies produced by non-malignant B cells are fundamental. Auto-antibodies, usually IgM type, can also be
produced by CLL B cells. They may interfere not only with mature B cells but also with precursor maturation. For the
second type, T cells are considered essential. CLL-B cells and T cells in the context of CLL express altered patterns of
surface molecules and CLL patients present an imbalanced cytokine environment. CLL B-cells have impaired apoptosis
and immunoglobulins production, and they may present antigen and release inflammatory cytokines. A T-cell subsets
imbalance may cause the emergence of autoreactive B-cells producing anti-RBC. T-reg expansion could reduce anti-
tumor immune response and compromise immunosurveillance. A decrease in TLR2 and TLR4 and an increase in TLR9
expression are described in CLL patients. Regarding biological CLL parameters, unmutated immunoglobulin heavy-chain
variable region gene (IGHV) status, stereotyped IGHV frames, and unfavorable cytogenetics represented by chromosome

17p and/or 11q deletions and nine down-regulated miRNAs are risk factors for developing AIHA in the context of CLL [3
(14],

2.2. Diagnosis of CLL-AIHA

In the context of CLL, the diagnosis of AIHA could be difficult because blood parameters such as hemoglobin, hemolytic
markers, and DAT which are relevant for AIHA may be altered by CLL progression or concomitant treatment. Regarding
anemia, it could be secondary to bone marrow infiltration or failure, gastrointestinal blood loss secondary to use of
corticosteroids, thrombocytopenia, mucositis or coagulopathy, hypersplenism, vitamin or iron deficiencies, renal disease,
and marrow suppression secondary to chemotherapy. Regarding hemolytic signs, LDH may be elevated for CLL
progression, haptoglobin for inflammatory response, bilirubin levels for treatment, and reticulocytosis could be absent or
inadequate for bone marrow infiltration or suppression by cytokine and/or anti-erythroblasts antibodies and chemotherapy.
Regarding the DAT, it is not enough to diagnose AIHA because it may be positive in normal subjects, also without
hemolysis. Thus, around 10% of patients can present negativity of DAT but they show clear evidence of AIHA, probably
due to the low-affinity or to very small autoantibodies titer I,

| 3. Treatment

Treatment in CLL-associated AIHA is individualized and it depends on the presence of clinical symptoms (acuteness of
the onset, grade of anemia, and degree of hemolysis) and their severity, disease status, and concomitant comorbidities.
Anemia, if symptomatic, is primarily an indication for therapy in newly diagnosed and also persistent AIHA. B3] | ower
tolerance for anemia is typical of elderly patients who therefore more frequently require treatment, and whose adverse
drug reactions, drug interactions, and therapy toxicities are more common. RBC transfusions are usually indicated in
critical cases with deeper levels of hemoglobin (usually Hb < 6 g/dl) and/or symptomatic anemia, if hemodynamically
unstable. To reduce the risk of alloimmunization blood transfusion should be administered only if indicated. In CLL cases,
the requirement could be higher than primary cases due to BM impairment and inadequate reticulocytosis. It is also
necessary to exclude the presence of alloantibodies before giving red cells. In critical cases, it is not possible to avoid or
delay transfusion because of uncertainty in matching, but immediate corticosteroids treatment should be administered. In
cases of CAD, warming coils to transfuse blood should be used RURZMLSIIEILT |n emergency situations, although the role
of blood transfusion is crucial, immunoglobulins (0.4 g/kg for 5 days or 1 g/kg for 2 days) could be used as a bridging
treatment but immunosuppressive drugs could be added. Similar to other autoimmune diseases, the administration of a
bolus of intravenous methylprednisolone 500 mg may be used in fulminant and severe situations. Methylprednisolone boli
is an option with or without intravenous immunoglobulins, in patients with signs of acute hemolysis and slow response to
steroid treatment 829 By analogy with ITP in which is possible to use thrombopoietin receptor agonists, the transient
and off-label use of an erythropoiesis-stimulating agent (ESA) at a high dose may be added in patients with severe AIHA,
with a high need of blood transfusions and reticulcytopenia [1220[21122]  Fina|ly, management of AIHA if CLL-associated
must consider the stage of the hematological malignancy: in patients with stage A CLL it is the same as AIHA, whereas in
patients with active CLL, it is the treatment of the neoplastic disease.
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