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Abstract: Cold agglutinin disease (CAD) is a complement-dependent, classical pathwaymediated immune hemolytic disease, accounting for 15–25% of autoimmune hemolytic
anemia, and at the same time, a distinct clonal B-cell lymphoproliferative disorder of the
bone marrow. The disease burden is often high, but not all patients require pharmacological
treatment. Several therapies directed at the pathogenic B-cells are now available. Rituximab
plus bendamustine or rituximab monotherapy should be considered ﬁrst-line treatment,
depending on individual patient characteristics. Novel treatment options that target the
classical complement pathway are under development and appear very promising, and the
C1s inhibitor sutimlimab is currently being investigated in two clinical Phase II and III trials.
These achievements have raised new challenges and further prospects, which are discussed.
Patients with CAD requiring therapy should be considered for clinical trials.
Keywords: autoimmune hemolytic anemia, cold agglutinin disease, lymphoproliferative,
complement, complement inhibitors, therapy

Introduction
Over the last 15 years, considerable progress has been made in the understanding
and treatment of chronic cold agglutinin disease (CAD). CAD accounts for 15–25%
of cases of autoimmune hemolytic anemia (AIHA) and affects mainly elderly or
middle-aged people, but has been reported in patients as young as 30.1–4 The
prevalence in Northern Europe has been estimated to be 16 cases per million
inhabitants and the incidence rate to be 1 per million per year, both of which are
probably slight underestimations.3
CAD, also known as primary CAD, is a clonal B-cell lymphoproliferative
disorder (LPD).5–8 This well-deﬁned clinico-pathological entity should be distinguished from secondary cold agglutinin syndrome (CAS), a similar cold hemolytic
syndrome that occasionally complicates speciﬁc infections (typically Mycoplasma
pneumoniae pneumonia or Epstein–Barr virus infection) or malignancies (especially aggressive lymphoma).9 Only CAD will be further addressed here.
The involved autoantibodies, known as cold agglutinins (CAs), bind to their
antigen at an optimum temperature of 3–4°C, but are also able to react at a higher
temperature, depending on the thermal amplitude (TA). The TA is deﬁned as the
highest temperature at which the CA will bind to its antigen.10–12 CA activity is
assessed by the titer, expressed as the inverse value of the highest serum dilution at
which agglutination can be detected. CAs in CAD are monoclonal, usually of the
immunoglobulin (Ig) Mκ class and, in the vast majority of cases, speciﬁc for the
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erythrocyte surface carbohydrate antigen termed I.3,12–15
Complement activation via the classical pathway is essential for subsequent hemolysis.16–21
Recent advances in CAD include the demonstration of
a distinct clonal B-cell LPD, the documentation of effective B-cell-directed therapies, and the development of
novel complement-directed therapies. This review will
focus on these achievements, which also raise some
challenges.

Clinical presentation
According to a descriptive study, the median age of
patients with CAD is 76 years and the median age at
presentation is 67 years (lower range, 30 years).3 In the
same cohort, median hemoglobin (Hb) level was 8.9 g/dL
with a lower and upper tertile of 8.0 g/dL and 10.4 g/dL,
respectively. There are several reports of Hb levels as low
as 4 g/dL.3,4,10,22 At the other end of the spectrum, compensated hemolysis with a normal Hb is not
uncommon.3,4,22 Another large series found hemoglobinuria in 15% of the patients.4 An association between
low ambient temperatures and worsening of hemolysis
has been documented in individual patients.8,23
According to our data, exacerbations occur in 70% of
patients during febrile infections and, at least in some
cases, following major trauma or major surgery.3,24–26
Literature estimates on transfusion dependency show
a high degree of variability; the two largest series of
unselected patients with well-documented CAD found
that 40–50% had received transfusions for a shorter or
longer period of time. Cold-induced, agglutinationmediated symptoms from the capillary circulation have
been recorded in up to 90% of the patients, ranging from
slight acrocyanosis to disabling Raynaud phenomena.3
Less typical clinical features include gangrene, which is
uncommon, and cutaneous disorders, sometimes described
as livedo reticularis and sometimes as livedo
racemosa.20,27,28 Such atypical vascular manifestations
should warrant the exclusion of cryoglobulinemia as
a differential diagnosis or a concomitant property of the
cold-reactive IgM.3,27,29

Diagnostic criteria
Patients with biochemical evidence of chronic hemolysis
are diagnosed with CAD if the direct antiglobulin test
(DAT) is strongly positive for complement protein C3d
and negative (or only weakly positive) for IgG, combined
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with a CA titer of ≥64.3,4,12,30 Usually, the CA titer is
much higher, but it should nonetheless be acknowledged
that occasional patients with otherwise typical CAD may
have a CA titer <64.4,30,31 An additional diagnostic criterion is the absence of known causes of secondary CAS, for
example, speciﬁc infections or aggressive lymphoma.
A bone marrow low-grade clonal LPD (discussed below)
can be demonstrated in a majority of patients, but conﬁrmation of an LPD is sometimes a matter of sensitivity and
not required for diagnosis.5,8,32 A spuriously high mean
corpuscular volume and false reduction in red blood cell
counts are regularly seen, making estimated hematocrit
values unreliable, but these are not diagnostic criteria.33
Polyclonal CAs with TA <25–28°C and, mostly, in low
titers are detectable in some healthy individuals, probably
as remnants of a phylogenetically ancient, primitive adaptive immune system.30,34,35 In one study, CAs were found
in 0.3% of a cohort with unrelated disorders.36 Subjects
with detectable CA without hemolysis or circulatory symptoms do not have CAD.30,32
It is of critical importance that blood samples for CA
titration, TA determination, Ig quantiﬁcation, electrophoresis, and immunoﬁxation are kept at 37–38°C from sampling to separation of serum or plasma to avoid false low
values and low sensitivity (Table 1).12,30,32 Even automated cell counts and Hb levels in ethylene diamine tetraacetate (EDTA) blood are sometimes difﬁcult to obtain
because of agglutination in the tube. Prewarming at 37°C
for up to 2 hrs will usually overcome this problem; if not,
a short preheating at 41°C for 1 min may be tried.37

Pathogenesis
A clonal lymphoproliferative B-cell
disorder
In 1957, Christenson et al characterized the ﬁrst monoclonal
protein ever described, which was a CA from a patient with
CAD.38 Monoclonal IgM with κ light chain restriction was
recurrently found in subsequent studies.13 During the 1990s,
a British group demonstrated selective usage of the IGHV4-34
gene segment, followed by the description by a Norwegian
group of an abnormal bone marrow B-cell clone in a majority
of patients.39,40 In a subsequent multicenter cohort of 86
Norwegian patients, a clonal LPD was found by histology in
50 (76%) of 66 bone marrow biopsy samples and by ﬂow
cytometry in 36 (90%) of 40 bone marrow aspirates.3
A retrospective single-center study from the USA conﬁrmed
a clonal disorder in 69 (78%) of 89 patients.4 More recently, an
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Table 1 Cold agglutinin disease: handling of samples
Analysis

Material

Sampling

Handling of sample

Hemoglobin, blood cell counts

Blood

EDTA vacutainer

Prewarm at 37–38°C before analysis if problems
with agglutination

Cold agglutinin titer, thermal amplitude,

Serum

Blood is drawn into

Keep at 37–38°C until serum has been removed

prewarmed vacutainers
without additive. Place

from the clot, after which the sample can be
handled at room temperature

immunoglobulin quantiﬁcation, electrophoresis, immune ﬁxation

in warming cabinet or
Flow cytometry

Bone marrow aspirate

water bath at 37–38°C
Add EDTA or heparin

Prewarming before analysis will often be sufﬁ-

(too low sensitivity if

cient. If not, wash cells at 37–38°C (description:

performed in peripheral
blood)

see reference 12)

Abbreviation: EDTA, ethylenediaminetetraacetic acid.

Austrian group was able to show that even patients with no
electrophoretic, ﬂow cytometric, or histologic evidence of an
abnormal B-cell clone had a clonal rearrangement of their
heavy or light Ig chain genes.8
The two large retrospective studies interpreted these ﬁndings as consistent with a heterogeneous group of clonal
disorders.3,4 The LPD was most often classiﬁed as lymphoplasmacytic lymphoma (LPL)/Waldenström’s macroglobulinemia (WM), followed by marginal zone lymphoma (MZL)
and unclassiﬁed indolent LPD.3 In a more recent,

comprehensive study, however, bone marrow samples from
54 patients with CAD were systematically re-examined by
a group of lymphoma pathologists, using a standardized
panel of morphologic, immune histochemical, ﬂow cytometric, and molecular methods.5 The ﬁndings were consistent with a surprisingly homogeneous bone marrow disorder
that we termed “primary CAD-associated LPD” and found to
be distinct from LPL, MZL, and other previously recognized
lymphoma entities (Figure 1). Nodular B-cell aggregates
were found in biopsy specimens from 40 of 54 patients,

Figure 1 Cold agglutinin-associated lymphoproliferative bone marrow disorder. Bone marrow trephine biopsy showing intraparenchymatous nodular lymphoid lesions
(panels A and B, H&E staining, 40× and 200×, respectively). Immunoperoxidase staining for CD20 highlights intraparenchymatous nodular B-cell inﬁltration (panel C, 200×).
Mast cells are not discerned around the nodular lymphoid lesions (panel D, Giemsa staining, 200×).
Notes: Reproduced with permission from Randen U, Trøen G, Tierens A, et al. Primary cold agglutinin-associated lymphoproliferative disease: a B-cell lymphoma of the
bone marrow distinct from lymphoplasmacytic lymphoma. Haematologica. 2014;99(3):497–504.5 Copyright © 2014 Ferrata Storti Foundation.

Journal of Blood Medicine 2019:10

submit your manuscript | www.dovepress.com

DovePress

95

Berentsen et al

whereas the bone marrow of 14 patients showed only scattered clonal B-cells. In the samples showing aggregates,
median lymphoid inﬁltration was 10% of the intertrabecular
surface (range, 5–80%). Speciﬁc features of LPL, such as
paratrabecular growth, ﬁbrosis, lymphoplasmacytoid cell
morphology, or an increased number of mast cells surrounding the lymphoid aggregates, were not seen. Differences
between CAD and LPL were also observed by immunohistochemical and ﬂow cytometric analysis. It is noteworthy
that the MYD88 L265P mutation, previously shown to be
present in approximately 90% of cases of WM/LPL,41 could
not be demonstrated in CAD-associated LPD.5 Three subsequent studies have conﬁrmed the absence or infrequent
occurrence of this mutation in CAD.6,42,43
A British ﬂow cytometry study conﬁrmed signiﬁcant
immune phenotypic differences in clonal B-cells between
CAD and WM/LPL.6 In addition to the well-known, selective IGHV4-34 heavy chain gene usage in primary CAD,
a recent study found a highly restricted light chain gene
usage.42 Clonal rearrangement of the IGKV3-20 gene
sequence was seen in 16 (59%) of 27 patients; seven of
these displayed highly homologous CDR3 regions. In
another study of 16 patients with well-characterized primary CAD, using ﬂow cytometry–assisted cell sorting of
bone marrow followed by whole-exome and targeted
sequencing, recurrent mutations of KMT2D and CARD11
were detected in 11 (69%) and ﬁve patients (31%),
respectively.7 In contrast, KMT2D mutations have been
found in 26% of patients with WM/LPL and 5% of individuals with monoclonal IgM-gammopathy of undetermined signiﬁcance (IgM-MGUS).44
These ﬁndings conﬁrm that CAD is a clonal LPD of
the bone marrow in probably every case. This LPD should
be regarded as a distinct entity, well characterized by
a total of morphological, immune histochemical, ﬂow
cytometric, and molecular genetic ﬁndings.

A complement-mediated immune
hemolytic anemia
CA binds to its antigen at the erythrocyte surface during
passage through the cooler parts of the peripheral circulation, causing agglutination of red blood cells and complement activation by the classical pathway.12,16,17,45,46
IgM is a potent classical pathway trigger, and the antigen-IgM complex binds complement protein C1q. C1
esterase then activates C2 and C4, generating C3 con-

96

submit your manuscript | www.dovepress.com

DovePress

Dovepress

vertase which cleaves C3 into C3a and C3b. These steps
are critical for the hemolytic process; if they are
blocked, there is no hemolysis.19,21,47 Upon warming
to 37°C in the central circulation, CA detaches from
the cells, allowing agglutinated erythrocytes to separate,
while C3b remains bound. C3b-opsonized cells are
prone to phagocytosis by the mononuclear phagocytic
system, mainly in the liver, a process known as extravascular hemolysis18,45,46 On the surface of the surviving erythrocytes, C3b is cleaved, leaving high numbers
of C3d molecules which can be detected by the DAT.
Because there are no C3d receptors in the mononuclear
phagocyte system, these erythrocytes are protected from
phagocytosis.18 This is probably part of the explanation
why most patients do not develop life-threatening
anemia.
In most patients with CAD, the C3b-mediated phagocytosis is considered the predominant hemolytic
mechanism during steady-state disease.16,18,48 The
absence, or at least modest role, of terminal pathway
activation in stable patients can probably be attributed to
the protective effect of CD55 and CD59, which, unlike
in paroxysmal nocturnal hemoglobinuria (PNH), are
intact in CAD.16,20 At least in some patients and situations, however, C3 is supposed to initiate the terminal
complement cascade by binding and splitting C5, resulting in the formation of the C5b-9 complex (membrane
attack complex) and intravascular hemolysis.20,49 The
occurrence of hemoglobinuria in about 15% of the
patients4 and the rather frequent ﬁnding of
hemosiderinuria29 support this notion, as does the beneﬁcial effect of C5 inhibition with eculizumab.20,26,49,50
Due to continuous consumption, most patients have low
C3 and C4 serum levels, which is probably rate-limiting for
the complement-mediated hemolysis.12,25 During febrile
infections and following major surgery or major trauma,
acute phase reaction will increase the production of complement proteins. The low levels are replete and complement activity is enhanced,25 which explains the
exacerbations seen in a majority of CAD patients in such
situations.3,24–26
In general, AIHA as well as other diseases with
complement-mediated intravascular hemolysis are associated with an increased risk of venous and arterial
thrombosis.51,52 Such a risk has been well documented
in severely affected CAD patients,20 but it has been
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difﬁcult to show this in unselected cohorts. Registry
studies do indicate an increased risk, but these studies
have been based on hospitals' diagnosis rather than hard
diagnostic criteria and have not distinguished between
CAD and CAS.53,54
Each of the two main components of the pathogenesis –
clonal B-cell lymphoproliferation and classical complement
pathway-dependent hemolysis – provide a rationale for therapeutic approaches.

Therapy
Watchful waiting and
non-pharmacological management
The beneﬁcial effect of keeping warm has been recognized
for more than 50 years.13,30 Although the observed beneﬁt
is moderate and largely based on clinical experience, there
is no reason to change existing recommendations on protection against cold exposure, in particular of the head,
face, and extremities, and of avoidance of cold
infusions.30,32 To avoid an acute phase reaction-induced
exacerbation of hemolysis, any bacterial infection should
be treated promptly.24,25 Transfusions, when indicated, can
safely be given, provided the patient and the extremity
used for infusion are kept warm and an in-line blood
warmer is used.30,32 It may be necessary to perform the
screening for irregular antibodies and crossmatching (if
required) at 37°C, but the compatibility problems typical
for warm-AIHA are not encountered in CAD. Transfusion
of complement-rich blood products, eg, plasma, should
probably be avoided as this may replete the low C4 and
C3 levels and, at least in theory, enhance complementmediated hemolysis.25
Traditionally, it has been recommended to rely on nonpharmacological management in most cases and reserve
drug therapy for CAD patients with severe hemolytic
anemia.10,55 Although these recommendations have been
based on the poor effect of older therapies and an underestimation of the clinical symptoms, there is still no hard
evidence to support pharmacological treatment in patients
with only mild anemia and tolerable cold-induced circulatory symptoms. Descriptive studies have shown, however,
that drug therapy has been tried in 70–80% of unselected
patients, indicating that previous recommendations may
have been too restrictive.3,4 Increasingly, pharmacological
treatment is considered in patients with symptomatic anemia, severe cold-induced circulatory symptoms, and/or
thrombosis.20,30,32,56,57
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Unspeciﬁc and supportive therapies
At least in some countries, therapy with corticosteroids
remains frequently used in clinical practice.51,57 No trials
have been published, but retrospective series have
described low response rates and heterogeneous and
weak response criteria.3,4,51,57 Furthermore, the poor efﬁcacy will often lead to the use of unacceptably high maintenance doses in the few responders.3,55 It is, therefore,
widely agreed that corticosteroids should not be used to
treat CAD.30,32,55,56,58,59 Other unspeciﬁc immune suppression, for example, with azathioprine, has not proved
beneﬁcial.3,60 Therapy with interferon-α was ineffective in
a cohort of four patients although some conﬂicting evidence does exist.61–63
Based on theoretical considerations and clinical experience, folic acid supplementation has often been recommended as an adjuvant.30 In a small prospective trial,
erythropoietin was seen to produce a favorable effect in
all of 12 AIHA patients, ﬁve of whom had CAD.64 It is not
clear whether prophylaxis against thrombosis is indicated
in CAD and, if so, for which patients. Until more data
have been collected, it seems reasonable to consider
antithrombotic prophylaxis in the presence of additional
risk factors, severe intravascular hemolysis, or acute
exacerbation until the hemolytic process is under control.

B-cell-directed therapies
The ﬁrst treatment shown to be effective in CAD was
rituximab monotherapy, 375 mg/m2 once a week for four
weeks.65–67 A Norwegian prospective uncontrolled trial
described 37 courses of therapy in 27 patients, using strict
response criteria.66 The overall response (OR) rate was
54% and the responders achieved a median increase in
Hb levels of 4.0 g/dL. There was only one complete
response (CR), and the median time to response (TTR)
was 1.5 months. The median response duration was modest (11 months), but six of 10 relapsed patients responded
to re-treatment. The study drug was well tolerated.
A subsequent Danish prospective study reported similar
results.67 Rituximab and ﬂudarabine in combination,
investigated in a prospective trial in 2010, resulted in
a 76% OR rate with 20% CR, 56% partial responses
(PR), and an estimated median response duration of more
than 66 months, however with some toxicity.68
In 2017, a Nordic group published a prospective, nonrandomized study of rituximab (375 mg/m2 day 1) plus
bendamustine (90 mg/m2 day 1 and 2) for four cycles at 28-
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day interval in 45 patients.22 The OR rate was 71% and the
CR rate 40%, with a median Hb increase of 4.4 g/dL in the
CR group and 3.9 g/dL among those who achieved PR. The
observed response duration was long (less than 10% relapses
after a median of 32-month observation). Median TTR was
1.9 months (upper range, 12 months) with an even longer
time to optimal response in some patients. The toxicity
proﬁle was favorable as compared with the rituximab plus
ﬂudarabine regimen; neutropenia grade 3–4 was seen in 33%
of the patients; however, only 11% experienced infection
with or without neutropenia.
In a recent Italian prospective trial, six of 19 patients
responded to bortezomib monotherapy, administered as
a single cycle.69 Although this response rate may seem low,
the results should be considered a “proof of principle,” and an
extended duration and/or bortezomib-based combination
therapy may yield higher response rates.
In an early report, four patients treated with chlorambucil achieved a reduction in CA titer and IgM serum
concentration, but no signiﬁcant increase in Hb
levels.40,70 Another study described ﬁve patients who prospectively received cladribine monotherapy, none of
whom responded.71 There is a strong theoretic rationale
for the novel B-cell targeted therapies, of which ibrutinib
has become an established treatment for WM/LPL, showing favorable results even in MYD88 L265P-negative

CA

Sutimlimab
TNT003
ANX005
C1-INH

C1
C2, C4

APL-2

C3
C3b

Eculizumab

C3a
C5

C5a
C5b-9
(MAC)

C3b
Extravascular
lysis
C3d

Intravascular
lysis

Survival
Figure 2 Role of the classical and terminal complement pathways in cold agglutinin
disease and target levels of complement inhibitors. Black arrows, major pathway;
gray/dotted arrows, minor pathway.
Abbreviations: CA, cold agglutinin; C, complement protein; C1-INH, plasmaderived C1-esterase inhibitor; MAC, membrane attack complex.

98

submit your manuscript | www.dovepress.com

DovePress

cases.72,73 However, there are no published studies regarding the use of these drugs in CAD.

Complement-directed therapies
Complement modulation for treatment of CAD was ﬁrst
described in 2009 and is undergoing rapid development
(Figure 2).16,49,74 The anti-C5 monoclonal antibody, eculizumab, has proved able to inhibit intravascular hemolysis and
reduce lactate dehydrogenase levels and transfusion requirements in a prospective study of 13, mostly transfusiondependent patients with CA-mediated hemolytic anemia
(12 CAD and one severe CAS).20 Only a marginal increase
in Hb level was observed. This is not unexpected, as the C5
inhibition will not affect the C3b-mediated, extravascular
hemolysis. Eculizumab has also proved useful as a rapidly
acting rescue therapy for severe CAD/CAS and, according to
a case report, as prophylaxis against cardiac surgery-induced
exacerbation in CAD.20,26,75,76
Classical pathway inhibition would be expected to do
better. The ﬁrst available drug for blocking the classical
pathway was plasma-derived C1 esterase inhibitor (C1INH). Although approved only for hereditary angioedema,
which is not a complement-mediated disorder, pharmacological doses of C1-INH were shown to stop complement
activation and hemolysis and efﬁciently improve anemia
when used as rescue therapy in a patient with a severe,
IgM-mediated warm-AIHA.77,78 Recently, a similar effect
was observed in a patient with acute, severe CAS.21
However, levels of endogenous C1-INH are normal in
CAD and CAS; frequently repeated high doses are likely
to be required to maintain the effect, and, therefore, C1INH is probably not attractive as a long-term therapy.
Sutimlimab (previously known as TNT009 or BIVV009)
is a humanized monoclonal antibody against C1s.79 An
in vitro study of TNT003, the murine antibody from which
sutimlimab is derived, found complete inhibition of complement activation, C3 deposition, and phagocytosis of erythrocytes in the presence of patient sera as a source of CA and
normal human serum as a source of complement.19 In a recent
clinical Phase IB trial describing 10 patients with CAD,
weekly intravenous administration of sutimlimab increased
Hb levels by a median of 1.6 g/dL within the ﬁrst week of
treatment and by 3.9 g/dL within 6 weeks.80 The anti-C1s
antibody immediately abrogated extravascular hemolysis, normalizing bilirubin levels within 24 hrs in most patients, and all
of six previously transfusion-dependent patients became transfusion-free. Pharmacodynamics and pharmacokinetics were
favorable. Hemolytic anemia recurred 3–4 weeks after
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discontinuation, but re-introduction of sutimlimab restored the
control. Drug-related adverse events were not observed. The
patients were vaccinated against Neisseria meningitidis,
Streptococcus pneumoniae, and Haemophilus inﬂuenzae.80
Sutimlimab is now undergoing Phase II and III trials in
patients with CAD (ClinicalTrials.gov, NCT03347396 and
NCT03347422).
In vitro experiments have shown that ANX005,
a humanized monoclonal antibody that inhibits C1q, prevents C4 and C3 deposition on human erythrocytes
exposed to CAD sera, resulting in a dose-dependent reduction in hemolysis.81,82 A safety trial in healthy volunteers
has just been completed but has not yet been published
(ClinicalTrials.gov, NCT03010046).
APL-2 is a compstatin analog, a pegylated cyclic peptide that inhibits C3 and thereby prevents the formation of
C3b.83,84 Thus, APL-2, which is developed for subcutaneous administration, has the potential to block the entire
complement system. A safety study in healthy volunteers
has not shown a risk of infection thus far, but the experience
is limited and the participants were vaccinated.83 High
efﬁcacy and safety have recently been reported in a Phase
IB trial in PNH.85 APL-2 is currently being studied in
a Phase II trial comprising patients with AIHA, including
CAD (ClinicalTrials.gov, NCT03226678).

Challenges and future perspectives
Concepts and deﬁnitions
Deﬁnitions found in the literature are not uniform, which
may create some confusion.30,32,34 The terms CAD (or cold
hemagglutinin disease, CHAD) and CAS (or cold hemagglutinin syndrome, CHAS) have previously been used interchangeably, but these entities should be distinguished and
deﬁned as explained in the “Introduction“ section.9,20,56
The criteria for CR and PR used in this review are identical
to those applied in most prospective trials of B-cell-directed
therapies for CAD,22,66,68,71 but these response deﬁnitions
are not applicable to treatment with complement
inhibitors.16,20,80 Literature- or consensus-based deﬁnitions
would be appreciated.

Diagnosis and awareness
In 1970, only 13 patients had been diagnosed with CAD in the
whole population of Denmark, which was then 4.93 million
inhabitants.70 More recent Nordic population-based estimates
suggest a prevalence of 12–16 cases per million
inhabitants.3,54 These data, together with a discrepancy
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between prevalences found even in recent studies, may indicate that CAD is still underdiagnosed.3,54,86 Misdiagnosis has
therapeutic consequences because different types of AHIA
should be treated differently. Furthermore, even in large centers, CA titration, Ig quantiﬁcation, and electrophoresis may
yield misleading low values or even false negative results due
to incorrect handling of blood samples. Knowledge of the
clinical features seen in many patients may help increase
doctors’ awareness and facilitate correct diagnosis, as may
the correct handling of samples (Table 1).

Descriptive studies
In order to improve knowledge of epidemiology as well as
clinical and pathogenetic features, we should recognize the
strengths and weaknesses of different methodologies used
in descriptive studies of CAD. Good single institution or
multicenter studies have the advantage of exact diagnostic
criteria, whereas it may be difﬁcult to design such studies
to be population-based and selection bias may occur.3,4,34
This issue might be avoided by performing registry-based
studies, but until now, these studies have utilized insurance-based or hospital diagnosis registries.53,54,57
Therefore, patient inclusion has relied on doctors’ or hospitals’ diagnoses rather than well-deﬁned diagnostic criteria. The conﬂicting data on mortality and frequency of
thromboembolic incidents are typical examples that highlight these methodology issues. Establishing an international CAD patient registry would probably help overcome
these problems.

Evidence-based therapy for CAD:
a challenge?
Because CAD is a rare disease, it is difﬁcult to design and
conduct randomized studies with sufﬁcient statistical
power. Even uncontrolled prospective trials and large retrospective series are relatively few, and recommendations
found in the literature have often been based on pooled
case reports or very small cohorts.
Papers published between 1998 and 2003 illustrate the
problem. Rituximab monotherapy was ﬁrst described during this period, and several single-case observations were
published.65,87–89 A small, prospective trial was reported
in 2001;90 two Phase II trials appeared in 2004–2006,66,67
and a larger, retrospective series was published in 2006.3
Altogether, of the 23 cases reported by 2003, responses
had been observed in 21 patients (91%);91,92 the two nonresponders were described in 2001 in the only prospective
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cohort.90 In the three larger studies (2004–2006), however,
OR rates were between 45% and 58%.66,67 Remissions
were often classiﬁed as CR in the case reports, whereas
the systematic studies show that CR following rituximab
monotherapy is an uncommon event. The obvious explanation for these discrepancies is the well-known fact that
response rates calculated from pooled case reports are
likely to be inﬂuenced by publication bias and heterogeneous or poorly deﬁned response criteria.
Several publications have shown that it is possible to perform prospective trials using a multicenter approach.20,22,66–
69,71,80
As spontaneous remissions of chronic CAD are rare,3,4
a given therapy modality can be considered evidence-based if
supported by good non-randomized trials. Recent experience
indicates that even randomized trials are feasible when performed on an international scale (ClinicalTrials.gov,
NCT03347396 and NCT03347422). We should not accept
response data derived from single or pooled case reports as
a basis for treatment recommendations.
Due to these unmet needs, patients with CAD requiring
treatment should preferably be included in prospective
trials whenever possible.

Implementation of achievements
Many patients with CAD requiring therapy are still being
treated with corticosteroids. When reading case reports
and descriptive studies, we appreciate that clinicians
should be more familiar with the existing B-cell-directed
therapies in CAD. Although such therapy options should
be considered even when no B-cell clone has been
demonstrated,8,32 the consequent use of relevant diagnostic
procedures (serum electrophoresis, immunoﬁxation, bone
marrow ﬂow cytometry, and biopsy) in all patients with
AIHA would help to reveal the clonal nature of CAD in
a higher proportion of patients in clinical practice.5,59

Perspectives on B-cell-directed therapies
Rituximab plus bendamustine combination therapy has
proved safe and efﬁcacious and may be used in the ﬁrst
line for severely affected patients without major
comorbidities.22,32 For other patients requiring treatment,
rituximab monotherapy should be preferred. Like all other
therapies described here, these drugs are off-label for CAD
in most countries. Several options are available in
the second-line setting: rituximab plus bendamustine (if
not used in the ﬁrst line or if the patient has enjoyed
remission for more than a couple of years after having
received the same therapy); repeat rituximab monotherapy
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in relapsed patients; bortezomib-based therapy; and rituximab plus ﬂudarabine in selected, ﬁt elderly patients.30,32
Despite this, we should aim at developing less toxic and, if
possible, still more efﬁcacious therapies. The safety and
efﬁcacy of novel targeted B-cell-suppressive agents, such
as ibrutinib, second-generation Bruton tyrosine kinase
inhibitors, and venetoclax should be explored.72 It would
also be worthwhile to study proteasome inhibitor–based
combination therapies, hoping to improve on response
rates achieved by bortezomib monotherapy.69

Future perspectives on complement
modulation
nhibition of the classical complement pathway in CAD is still
investigational but very promising, and, currently, the most
developed option is therapy with sutimlimab. Further trials
and experience can be expected to clarify any remaining safety
issues, but until now, studies have not shown a risk of severe
infection provided the patients are properly vaccinated.80
Likewise, a theoretical risk of developing systemic lupus
erythematosus as a consequence of proximal complement
inhibition has not been conﬁrmed.80,93
However, complement modulation will not improve the
cold-induced circulatory symptoms, which are caused by
agglutination and not by complement activation.9 The novel
complement inhibitors will probably be expensive. It may also
be argued that complement inhibition will have to be continued indeﬁnitely to maintain its effect, in contrast to B-celldirected therapies, which are temporary.22 On the other hand,
at least 25% of the patients will fail on chemoimmunotherapy,
and some patients have contraindications to such treatment or
are reluctant to receive cytotoxic drugs. Furthermore, rapidly
acting therapies will be required in the most severe cases and
in some patients with acute exacerbation, whereas the TTR
can be long following chemoimmunotherapy.20,22 In such
patients, proximal complement inhibition will possibly be
used as a “bridge” that can allow the transition to B-celldirected therapy when remission has been achieved and the
condition is stabilized .75,80,94

Conclusion
“Primary” CAD is a complement-driven AIHA and, at the
same time, a clonal B-cell LPD of the bone marrow. The
disease burden is often high, but not all patients require treatment. For those who do, several B-cell-directed therapeutic
options are available. Rituximab plus bendamustine or rituximab monotherapy may be used in the ﬁrst line, depending on
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patient characteristics. The novel complement-directed therapies are still investigational but very promising, and the monoclonal anti-C1s antibody, sutimlimab, has entered clinical
Phase II and III trials. Patients with CAD requiring treatment
should be included in prospective trials whenever possible.
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