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A virtuosic CADENZA
played by sutimlimab
Satheesh Chonat1,2 and Sean R. Stowell3 | 1Children’s Healthcare of
Atlanta; 2Emory University School of Medicine; and 3Harvard Medical School

In this issue of Blood, R€oth et al1 report on the results from a phase 3 pla-
cebo-controlled study to assess the efficacy and safety of sutimlimab in par-
ticipants with primary cold agglutinin disease (CAD) without a recent history
of blood transfusion (CADENZA). The results of this study demonstrate the
efficacy of sutimlimab in treating nontransfusion-dependent patients with
CAD.

CAD is a rare autoimmune hemolytic
anemia first described nearly 70 years
ago. However, despite its early discov-
ery, treatment options for CAD have
often been indirect and of limited effi-
cacy. CAD is initiated by binding immu-
noglobulin M (IgM) autoantibodies to the
I antigen on erythrocytes at #37�C tem-
perature (cold agglutinins), resulting in
agglutination.2 This antibody–antigen
complex triggers the activation of the
classical complement pathway, leading
to marked C3b-mediated extravascular
hemolysis (EVH) and, to a lesser degree,
C5b-9–mediated intravascular hemolysis
(IVH), mostly during acute exacerbations
(see figure). Clonal lymphocytes produce
these predominantly monoclonal IgM
antibodies in the bone marrow of
patients with indolent clonal B-cell lym-
phoproliferative disorder.3 Patients with
CAD can present with chronic anemia
requiring blood transfusions and periodic
acute hemolytic crisis, chronic fatigue,
and cold-induced circulatory symptoms
such as acrocyanosis, Raynaud-like symp-
toms, and even gangrene/ulcerations. In
addition, some of these patients are at
risk of thrombosis.3 It is paramount to
distinguish this from transient cold agglu-
tinin syndrome, which occurs secondary
to infections (Mycoplasma pneumonia

and Epstein-Barr virus) or cancer (aggres-
sive lymphoma).

Immunomodulators have been the first-
line agents to reduce clonal lymphoprolif-
eration and monoclonal IgM antibody
production. Rituximab to deplete B cells
alone induced remission in approximately
50% of patients with a median response
time of 1.5 months and a duration of 11
months.4 The addition of fludarabine, a
nucleoside analog, to rituximab, as tried
in other diseases such as Waldenstrom
macroglobulinemia and lymphoma, was
used in CAD with improved overall
response rates to 76%, including an
increased median response duration of
5.5 years. Unfortunately, this regimen was
met with grade 3 or 4 hematological tox-
icity in about 40% of patients.5 A second
combination therapy using bendamustine,
an alkylating agent, with rituximab
showed a similar overall response rate of
about 70% with a slightly higher remission
rate (40%) with a median response dura-
tion of just over 2.5 years. In addition, the
rates of neutropenia and infections were
slightly lower when compared with the
rituximab–fludarabine combination.6 While
these approaches can reduce antibody
concentrations, none of these approaches
directly target the ability of antibodies to
induce hemolysis.

Although a key driver in CAD is antibody-
mediated complement activation, very
few therapeutics have historically been
designed to directly modulate comple-
ment. This completely changed in recent
years. Driven in part by the success of the
monoclonal antibody against complement
factor C5, eculizumab, an entire array of
complement inhibitors is under investiga-
tion. The importance of targeting distinct
components of the complement cascade
is evident by an inadequate treatment
response of CAD with eculizumab. A non-
randomized phase 2 study of terminal
complement inhibition using eculizumab
to block IVH in CAD therapy of chronic
cold agglutinin disease with eculizumab
(DECADE) demonstrated that C5 inhibi-
tion could reduce lactate dehydrogenase
concentrations and transfusion depen-
dency in 13 individuals but only resulted
in modest improvement in hemoglobin
(Hb), likely as a result of ongoing EVH.7

The inability of eculizumab to target
proximal complement activation and,
therefore, C3b-mediated EVH suggested
that proximal complement inhibition may
be necessary to effectively treat CAD. As
a proof-of-concept study that the proxi-
mal classical pathway of complement
inhibition may reduce EVH, Shi and col-
leagues reported that treating plasma
samples from patients with CAD using a
monoclonal antibody (TNT003) that tar-
geted C1s inhibited the cold agglutinin-
mediated C3 fragment deposition on
normal erythrocytes, prevented subse-
quent complement anaphylatoxin (C4a,
C3a, and C5a) production and down-
stream phagocytosis.8 Then sutimlimab,
a humanized anti-C1s IgG monoclonal
antibody, was studied in a phase 1b and
phase 3 open-label, single-arm CARDI-
NAL study.9,10 Both of these studies
showed the benefit of C1s inhibition in
improving Hb by halting EVH and reduc-
ing fatigue. However, the CARDINAL
study only included patients who had
received transfusion within 6 months
before enrollment.
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In this paper, Roth and colleagues provide
further evidence of the benefit of sutimli-
mab in CAD. A rigorously performed
phase 3 randomized, placebo-controlled
clinical trial was conducted at 27 sites
across 13 countries and involved 42
patients with a confirmed diagnosis of
CAD with Hb #10 g/dL and excluded
patients with a history of blood transfusion
within 6 months of screening or a history

of .1 transfusion within 12 months.
Sutimlimab was shown to meet the study-
defined composite endpoint in 73% com-
pared with 15% in the placebo group.
This result is significant as all the respond-
ers to the drug demonstrated sustained
rapid increase in their Hb concentrations
by $2 g/dL associated with a reduction in
hemolysis and improved fatigue scores.
This is important as the study protocol

prohibited immunomodulator therapies.
There was no difference in adverse events
between the groups. Of note, 3 patients
in the sutimlimab group discontinued the
study drug prematurely because of pro-
gression of underlying disease, a new
diagnosis of lymphoma, and infusion-
related reaction.

These findings give insight into the
mechanisms of proximal complement
pathway inhibition and how early or
prompt initiation of complement inhibit-
ing therapy can potentially be beneficial
in such diseases. Furthermore, like stud-
ies using terminal complement inhibi-
tion, complement blockade in this study
resulted in the improvement in fatigue,
which along with amelioration of chronic
anemia, could reflect inhibition of
complement-mediated inflammation.
While there was no difference in the
infections between the groups, treating
providers need to remain cautious. Addi-
tional real-world studies are needed to
more fully define the benefits and risks
associated with sutimlimab treatment.
Equally important, future clinical trials
should identify the patients who would
likely benefit from such complement inhi-
bition and how baseline patient charac-
teristics affect the response. However,
given the unique ability of sutimlimab to
block proximal complement activation,
this approach holds promise in providing
another avenue of complement inhibition
that may be useful not only for CAD but
other disease states with complement
involvement that are less responsive to
more terminal complement inhibitors.
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Sutimlimab reduces intravascular and extravascular hemolysis in CAD by inhibiting C1s. CAD results from
monoclonal IgM antibodies that target carbohydrate antigens on the surface of red blood cells, leading to
complement fixation. Early IgM-induced complement activation can lead to extravascular hemolysis by
facilitating macrophage engagement or can lead to intravascular hemolysis by proceeding to terminal
complement activation and membrane attack complex (MAC) formation. Sutimlimab inhibits early comple-
ment activation by targeting C1s, thereby protecting cells from complement-mediated extravascular and
intravascular hemolysis. Professional illustration by Patrick Lane, ScEYEnce Studios.
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HSCs: slow me down
with PLAG1
Yu Wei Zhang and Nina Cabezas-Wallscheid | Max Planck Institute of
Immunobiology and Epigenetics

In this issue of Blood, Keyvani Chahi et al1 have described the transcription
factor PLAG1 as a positive regulator of human cord blood (CB) hematopoietic
stem cell (HSC) dormancy and self-renewal by repressing the expression of
translational machinery that is customarily activated in response to ex vivo
cultivation stress.

HSCs are capable of generating all blood
cell lineages throughout a person’s life-
time.2 To preserve life-long stem cell

functionality, HSCs primarily reside in a
state of dormancy and quiescence charac-
terized by low levels of protein

synthesis.3,4 Under stress conditions, such
as ex vivo cultivation or transplantation,
dormant HSCs are forced into a state of
activation.5 However, little is known about
the preventative machinery that sup-
presses activation and promotes quies-
cence in human HSCs.

Previously, PLAG1 was shown to bind to
the promoter of MSI2 to enhance in vitro
expansion of hematopoietic stem and
progenitor cells (HSPCs).6 In their study,
Keyvani Chahi et al showed that PLAG1
expression is restricted to non-cycling
HSCs, which suggests a role for PLAG1
in modulating human HSPC function that
is independent of the PLAG1/USF2-MSI2
regulatory axis. There are 3 human
PLAG1 transcript variants encoding 2
protein isoforms. The shorter isoforms of
PLAG1 (B and S) are enriched in CB
HSCs, while the longer isoform (A) is
expressed at much lower levels.6 Knock-
down of PLAG1 reduced the output of
human HSPCs and was accompanied by
impaired long-term bone marrow recon-
stitution, whereas the ectopic overex-
pression (OE) of the PLAG1-S isoform
enhanced in vivo self-renewal of human
HSCs.

From genomic binding and transcrip-
tomic profiling of PLAG1-SOE HSPCs,
the authors found that PLAG1-S can
act as both a positive and a negative
regulator of gene expression. For in-
stance, ribosomal protein expression
was downregulated in PLAG1-SOE,
which pointed toward the ability of
PLAG1-S to attenuate protein synthesis
machinery and thus regulate stem cell
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PLAG1 overexpression PLAG1-S attenuates protein synthesis to maintain human HSPCs

Loss and gain of PLAG1 function in human CB CD341 HSPCs (left). Mechanisms by which PLAG1-S represses protein synthesis to maintain human CB HSC dormancy
and self-renewal (right). mRNA, messenger RNA; NIA, no information available. Figure created by BioRender.com.
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