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KEY PO INT S

� Sutimlimab reduced
hemolysis, anemia, and
fatigue in patients with
CAD without
transfusion
requirement.

� Sutimlimab treatment
was generally well
tolerated, with adverse
events consistent with
an older and medically
complex patient
population.

Sutimlimab, a first-in-class humanized immunoglobulin G4 (IgG4) monoclonal antibody that
selectively inhibits the classical complement pathway at C1s, rapidly halted hemolysis in
the single-arm CARDINAL study in recently transfused patients with cold agglutinin
disease (CAD). CADENZA was a 26-week randomized, placebo-controlled phase 3 study
to assess safety and efficacy of sutimlimab in patients with CAD without recent (within 6
months prior to enrollment) transfusion history. Forty-two patients with screening
hemoglobin £10 g/dL, elevated bilirubin, and ‡1 CAD symptom received sutimlimab (n 5

22) or placebo (n 5 20) on days 0 and 7 and then biweekly. Composite primary endpoint
criteria (hemoglobin increase ‡1.5 g/dL at treatment assessment timepoint [mean of
weeks 23, 25, 26], avoidance of transfusion, and study-prohibited CAD therapy [weeks
5-26]) were met by 16 patients (73%) on sutimlimab, and 3 patients (15%) on placebo
(odds ratio, 15.9 [95% confidence interval, 2.9, 88.0; P < .001]). Sutimlimab, but not
placebo, significantly increased mean hemoglobin and FACIT-Fatigue scores at treatment
assessment timepoint. Sutimlimab normalized mean bilirubin by week 1. Improvements

correlated with near-complete inhibition of the classical complement pathway (2.3% mean activity at week 1) and C4
normalization. Twenty-one (96%) sutimlimab patients and 20 (100%) placebo patients experienced ‡1 treatment-
emergent adverse event. Headache, hypertension, rhinitis, Raynaud phenomenon, and acrocyanosis were more
frequent with sutimlimab vs placebo, with a difference of ‡3 patients between groups. Three sutimlimab patients
discontinued owing to adverse events; no placebo patients discontinued. These data demonstrate that sutimlimab has
potential to be an important advancement in the treatment of CAD. This trial was registered at www.clinicaltrials.gov
as #NCT03347422.

Introduction
Cold agglutinin disease (CAD) is a rare type of autoimmune
hemolytic anemia characterized by chronic hemolysis that is
entirely mediated by activation of the classical complement
pathway.1-3 CAD is a clonal, low-grade lymphoproliferative dis-
order that can be detected in blood or marrow in patients with
no clinical or radiologic evidence of malignant conditions.4-6

CAD is distinguished from cold agglutinin syndrome, which is

transient and secondary to infections, overt malignant, or auto-
immune conditions.6,7 In CAD, immunoglobulin M (IgM) autoan-
tibodies (cold agglutinins) preferentially bind to the “I” antigen
on erythrocytes at temperatures #37�C and may result in eryth-
rocyte agglutination.1,8-10 The antigen-IgM antibody complex, a
potent trigger of the classical complement pathway, binds to
the C1 complement complex, resulting in activation of C1s (a
C1 complex serine protease), which activates C2 and C4, and in
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turn generates C3 convertase, resulting in cleavage of C3 into
C3a and C3b.1,11 C3b deposition on erythrocytes results in
extravascular hemolysis in the liver, the predominant mechanism
of erythrocyte destruction in CAD.12-14 Although hemolysis is
primarily driven by classical complement and extravascular
hemolysis in CAD, severe disease may see further, terminal com-
plement activation, with increased C3b deposition contributing
to C5 convertase formation, membrane attack complex produc-
tion, and intravascular hemolysis. However, this occurs to a
much lesser extent than in paroxysmal nocturnal hemoglobin-
uria, because of intact CD55- and CD59-mediated regulation in
CAD.4,15,16 Recognition of the mechanism of hemolytic anemia
identified components of the classical complement pathway as
a promising therapeutic target in CAD.16-18

Patients with CAD may experience complement-mediated
symptoms, including chronic hemolysis resulting in anemia, pro-
found fatigue, and jaundice; non-complement-mediated symp-
toms include transient, cold-induced agglutination-mediated
circulatory symptoms, such as acrocyanosis and Raynaud phe-
nomenon.4 Patients with CAD also have an increased risk of
thromboembolism and early mortality.19,20 As with other causes
of anemia,21-24 patients with CAD are more likely to have
reduced quality of life, depression, and anxiety.25

Prior to the recent approval of sutimlimab in the United States
(Sanofi 2022), there were no approved therapies for CAD.26 Sup-
portive care with cold avoidance alone is often inadequate and
does not address complement-mediated symptoms, as chronic
hemolytic anemia persists year-round.2,3 Rituximab broadly
depletes B cells and induces partial responses in �50% of patients
after a median delay of 1.5 months, and relapses usually occur
within 1 year.27-31 Addition of cytotoxic agents, such as fludarabine
or bendamustine, to rituximab is associated with higher response
rates but is accompanied by more serious toxic effects, including
severe neutropenia.32,33 Eculizumab, a C5 inhibitor, reduces the
need for transfusion and reduces lactate dehydrogenase (LDH) lev-
els but elicits only a modest increase in hemoglobin (Hb) levels in
patients with CAD because it does not inhibit extravascular hemo-
lysis.34 Despite not being recommended because of poor
response rates and often requiring unacceptably high doses, corti-
costeroids are often used in CAD management.2,35 Other
approaches such as azathioprine, cyclophosphamide, and splenec-
tomy are not effective in CAD and are also not recommended.6,36

Consequently, there is a substantial unmet need for an approved,
noncytotoxic pharmacotherapy with faster onset of action,
higher response rates, longer duration of response, and a favor-
able safety and tolerability profile.8,37 Sutimlimab (BIVV009;
TNT009) is a first-in-class, humanized, monoclonal antibody
designed to target C1s.38,39 By selectively inhibiting the classical
complement pathway at C1s, sutimlimab leaves the immune
functions of the lectin and alternative complement pathways
intact.18,39-41 In the pivotal, phase 3, open-label, single-arm
CARDINAL study, sutimlimab for 26 weeks had a rapid and sus-
tained therapeutic effect in patients with CAD with a recent his-
tory of blood transfusion.38 Sutimlimab increased mean Hb
levels, normalized mean bilirubin levels, and reduced transfu-
sions.38 Moreover, sutimlimab-treated patients experienced clin-
ically meaningful reductions in fatigue as early as week 1.38 This
article presents findings from CADENZA, the first randomized,
placebo-controlled phase 3 trial investigating the efficacy and

safety of sutimlimab vs placebo in patients with CAD without a
history of recent blood transfusion.

Methods
Trial overview
This was a 26-week, phase 3, randomized, placebo-controlled,
double-blind trial (part A; completed), with an open-label exten-
sion period (part B; ongoing) in which patients continue to
receive sutimlimab for a minimum of 1 year after the last patient
completed part A. Only the results of part A are reported here,
which was conducted between March 6, 2018 and September
29, 2020 at 53 sites across 14 countries (Australia, Austria, Bel-
gium, Canada, France, Germany, Israel, Italy, Japan, The Neth-
erlands, Norway, Spain, United Kingdom, and United States) in
accordance with the Declaration of Helsinki protocol and the
International Council for Harmonisation guidelines for Good
Clinical Practice. All patients provided written informed consent
for study participation. Sanofi Biostatistics analyzed the data.

Patients
At screening, adult patients with confirmed CAD diagnosis, Hb
# 10.0 g/dL, bilirubin level above the normal reference range,
and ferritin level above the lower limit of normal were eligible.
A confirmed diagnosis of CAD was defined as the presence of
chronic hemolysis, positive polyspecific direct antiglobulin test,
monospecific-direct antiglobulin test strongly positive for C3d,
IgG-direct antiglobulin test #11, a cold agglutinin titer $64 at
4�C, and no evidence of overt malignant disease. Patients were
required to have symptomatic disease within 3 months of screen-
ing, defined as one or more of the following: symptomatic ane-
mia, acrocyanosis, Raynaud phenomenon, hemoglobinuria,
disabling circulatory symptoms, and/or major adverse vascular
event, including thrombosis. Patient exclusions included: cold
agglutinin syndrome secondary to infection, rheumatologic dis-
ease, or active hematologic malignancy; a history of blood trans-
fusion within 6 months of screening or a history of .1 blood
transfusion within 12 months, diagnosis of systemic lupus erythe-
matosus or other autoimmune disorders; erythropoietin defi-
ciency; any clinically relevant infection; recent rituximab (within
3 months)/rituximab combination therapies (within 6 months); or
concurrent treatment with corticosteroids other than a stable dose
equivalent to 10 mg/d prednisone for the 3 months prior. A full
list of study inclusion and exclusion criteria are provided in the
supplemental appendix, available on the Blood Web site.

Eligible patients were randomized 1:1 to receive 26 weeks of
either sutimlimab or placebo by a permuted block randomiza-
tion (block size fixed at 4) using Pharm-Olam’s Interactive
Web Response System. Sutimlimab (6.5 g if body weight was
,75 kg; 7.5 g if body weight was $75 kg) or placebo was
administered by IV infusion (500 mL) over 60 minutes on day 0,
day 7, and every 14 days thereafter through week 25. Patients
were to receive red blood cell transfusions if they were symp-
tomatic with Hb , 9 g/dL or asymptomatic with Hb , 7 g/dL.

Study endpoints
The primary efficacy endpoint was a composite of Hb increase
from baseline of $1.5 g/dL at the treatment assessment time-
point (mean value from weeks 23, 25, and 26), absence of blood
transfusions from week 5 to week 26, and avoidance of
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protocol-prohibited CAD medications from week 5 to week 26.
In addition, the proportion of patients who met each of the 3
response criteria, and number of blood transfusions by study
period (ie, before week 5, and between week 5 and week 26)
and by treatment arm, were summarized.

Key secondary endpoints were mean change from baseline in Hb
level at treatment assessment timepoint and in Functional Assess-
ment of Chronic Illness Therapy (FACIT)-Fatigue Scale at treat-
ment assessment timepoint (FACIT-Fatigue scores range from
0 to 52, with a higher score indicating less fatigue; an increase
from baseline of$5 points was considered clinically significant42).
Additional secondary endpoints were mean change from base-
line at treatment assessment timepoint for total bilirubin level
(excluding patients with either a positive Gilbert syndrome
genetic test [UGT1A1 gene] or no test result recorded during
screening), LDH level, haptoglobin level, and reticulocytes,
and number of patients achieving mean increases of $1 g/dL,
$1.5 g/dL, $2 g/dL, and $3 g/dL in Hb levels. Pharmacody-
namic endpoints included changes in classical complement
pathway activity (assessed using the Wieslab Complement Sys-
tem Classical Pathway assay [Svar Life Science, Malm€o, Sweden]),
complement component C4 (first soluble cleavable substrate of
C1s; quantified by turbidimetry using the ADVIA 1800 Auto-
mated Chemistry analyzer with kits and reagents supplied by Sie-
mens), C1q concentration (determined in immunoenzymatic
assays with the following antibodies: capture antibody was
mouse anti-C1q monoclonal antibody, clone 3R9/2 [Bio-Rad];
detection antibody was goat anti-C1q polyclonal antibody
[Quidel]; secondary detection antibody was mouse anti-goat IgG
(H1L)-HRP [Southern Biotech]), and hemolytic activity of the
classical complement pathway (CH50) up to week 26.

Treatment-emergent adverse events (TEAE), treatment-
emergent serious adverse events (TESAE), changes in autoim-
mune disease panel parameters, and other clinical laboratory
evaluations were recorded up to week 26. Adverse events were
classified according to the Medical Dictionary for Regulatory
Activities, version 23.0.

Statistical analyses
A sample size of �40 patients (20 patients per arm) was chosen
to provide statistical power .85% to detect a treatment differ-
ence of 50% improvement in response rate between sutimlimab
and placebo for the composite primary endpoint, which is
deemed clinically relevant. All efficacy and safety analyses were
conducted using the full analysis set and safety analysis set,
respectively; both sets comprised all randomized patients who
received at least 1 dose of sutimlimab or placebo. To detect a
treatment difference for the composite primary endpoint, the
pooled 2-sided P value based on a stratified Cochran-Mantel-
Haenszel test had to be ,.05. Sequential closed testing was
performed on key secondary endpoints with a of 0.05 for each
test to protect the type I error. Tests were performed using
hypothetical estimand for sutimlimab vs placebo in the following
order: mean change from baseline in Hb at the treatment
assessment timepoint, followed by mean change from baseline
in FACIT-Fatigue score at treatment assessment timepoint. Phar-
macodynamic analyses were conducted for all patients who had
$1 dose of sutimlimab and $1 evaluable pharmacodynamic

sample. Statistical analysis was performed using SAS version 9.4
or higher (SAS Institute Inc, Cary, NC).

Results
Baseline demographics and disease
characteristics
Sixty-six patients were screened, and 42 patients were random-
ized to receive sutimlimab (n 5 22) or placebo (n 5 20) (supple-
mental Figure 1). Nineteen (86.4%) patients and 20 (100%)
patients in the sutimlimab and placebo arm, respectively, com-
pleted part A and continued into part B. Three patients (13.6%)
from the sutimlimab and none from the placebo arm discontinued
part A early, owing to TEAEs. One patient (4.5%) on sutimlimab
and 2 patients (10%) on placebo missed 1 or more treatment vis-
its because of limitations imposed by the COVID-19 pandemic.

Baseline patient demographics and disease characteristics were
consistent with a CAD patient population (Table 1). Most
patients were female (n 5 33, 78.6%), with median (range) age
of 66.0 (46-88) years. At baseline, mean (standard deviation
[SD]) Hb was 9.2 g/dL (1.1) and 9.3 g/dL (1.0), and mean (SD)
FACIT-Fatigue score was 31.7 (12.8) and 33.0 (10.9), in the
sutimlimab and placebo arms, respectively. Mean (SD) baseline
bilirubin, excluding 4 patients with confirmed or undetermined
Gilbert syndrome (2 patients in each group), was 41 (27) mmol/L
and 36 (12) mmol/L in the sutimlimab and placebo arms, respec-
tively. Nine patients (40.9%) in the sutimlimab group vs 4
patients (20.0%) in the placebo group had acrocyanosis, and 5
patients (22.7%) vs 3 patients (15.0%), respectively, experienced
Raynaud phenomenon. Three patients in the sutimlimab group
and none in the placebo group had disabling circulatory symp-
toms. Mean (SD) IgM load was 5.7 g/L (7.8) in the sutimlimab
group and 2.7 g/L (2.0) in the placebo group (norm: 0.5-3.0
g/L). No patients had received a blood transfusion within
6 months of screening; 3 patients (13.6%) had each received a
single transfusion within the previous 12 months. Thirty-one
(73.8%) patients had received $1 CAD therapy within the previ-
ous 5 years (mostly corticosteroids and rituximab), and 5 (11.9%)
patients were hospitalized for disease-related reasons within the
previous 2 years.

Primary endpoint
Sixteen patients (72.7%; 95% confidence interval [CI]: 49.8, 89.3)
treated with sutimlimab vs 3 patients (15.0%; 95% CI: 3.2, 37.9)
who received placebo met the prespecified criteria for the com-
posite primary endpoint and achieved the protocol-defined
responder criteria (Figure 1). Patients who received 26 weeks of
sutimlimab treatment had significantly greater odds of achieving
the response criteria defined in the composite primary endpoint
than patients receiving placebo (odds ratio [OR] 15.9; 95% CI:
2.9, 88.0; P , .001). At treatment assessment timepoint, 16
patients (72.7%) treated with sutimlimab vs 3 patients (15.0%)
with placebo had an increase in Hb levels $1.5 g/dL from base-
line. All 16 (72.7%) sutimlimab-treated patients had increased
Hb levels $2.0 g/dL from baseline, compared with 2 (10.0%)
patients on placebo (supplemental Table 1). Between weeks 5
and 26, 18 patients (81.8%) in the sutimlimab arm and 16
patients (80.0%) in the placebo arm did not receive blood trans-
fusions. Most patients did not require use of protocol-prohibited
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Table 1. Patient demographics and disease characteristics at baseline

Sutimlimab Placebo

Patients, n 22 20

Age, y

Mean (SD) 65.3 (10.9) 68.2 (10.1)

Median (range) 64.0 (46-88) 69.0 (51-83)

Female, n (%) 17 (77.3) 16 (80.0)

Geographic location, n (%)

Europe 15 (68.2) 13 (65.0)

North America 3 (13.6) 3 (15.0)

Asia 3 (13.6) 2 (10.0)

Other* 1 (4.5) 2 (10.0)

Patients with transfusions, n (%)

In the prior 6 mo NC NC

In the prior year 3 (13.6) 0 (0)

Patients with disabling circulatory symptoms,† n (%) 3 (13.6) 0 (0)

Patients with acrocyanosis, n (%) 9 (40.9) 4 (20.0)

Patients with Raynaud phenomenon, n (%) 5 (22.7) 3 (15.0)

Patients with ‡1 prior CAD therapy within
previous 5 y, n (%)‡

16 (72.7) 15 (75.0)

Single-agent rituximab 12 (54.5) 9 (45.0)

Any previous rituximab 12 (54.5) 12 (60.0)

Patients with history of hospitalization related to CAD
within previous 2 y, n (%)

2 (9.1) 3 (15.0)

Patients with history of $1 thromboembolic event
within previous 1 y, n (%)

0 (0) 0 (0)

Baseline Hb, g/dL

Mean (SD) 9.2 (1.1) 9.3 (1.0)

Median (range) 9.3 (6.5-11.1) 9.3 (7.7-11.7)

Baseline total bilirubin, mmol/L§

Mean (SD) 41 (27) 36 (12)

Median (range) 35 (19-145) 34 (17-59)

Baseline LDH, U/L

Mean (SD) 422 (195) 381 (243)

Median (range) 359 (215-8 93) 294 (169-1 239)

Baseline absolute reticulocytes, 109/L

Mean (SD) 159 (70) 145 (46)

Median (range) 176 (4-274) 151 (65-245)

NC, not calculated.

*Other includes Australia and Israel.

†Reporting of disabling circulatory symptoms was based on the medical judgment of the investigators. The presence of disabling circulatory symptoms was collected at each visit in
a dedicated questionnaire. If serious adverse event criteria were met (including severity grade 3), the event was additionally reported as a serious adverse event.

‡Including corticosteroids (n 5 20; 47.6%), rituximab monotherapy (n 5 21; 50.0%), combination regimens (n 5 6; 14.3%), any previous rituximab (n 5 24; 57.1%), and other chemo-
therapy (n 5 6; 14%). Patients may be included in .1 category.

§Excluding patients with positive or unknown Gilbert syndrome test result (sutimlimab, n 5 20; placebo, n 5 18).

||Scores on the FACIT-Fatigue Scale range from 0 to 52, with higher scores indicating less fatigue.
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CAD medication from week 5 to week 26 (sutimlimab n 5 19,
86.4%; placebo n 5 20, 100%).

Three patients in the sutimlimab arm did not meet the response
criteria (supplemental Table 2). The patients did not achieve the
required $1.5 g/dL increase in Hb from baseline to treatment

assessment timepoint, and 1 patient received a blood transfu-
sion. Two of these patients had an increase in Hb $ 1.5 g/dL
over baseline on at least 1 occasion that was not associated with
a blood transfusion (supplemental Figure 2). Baseline character-
istics between the 2 groups are shown in supplemental Table 3.
An additional 3 patients in the sutimlimab arm were excluded

Table 1. (continued)

Sutimlimab Placebo

Baseline haptoglobin, g/L

Mean (SD) 0.2 (0.0) 0.2 (0.0)

Median (range) 0.2 (0.2-0.2) 0.2 (0.2-0.3)

Baseline IgM, g/L

Mean (SD) 5.7 (7.8) 2.7 (2.0)

Median (range) 2.9 (0.5-33.0) 1.9 (0.4-8.7)

Cold agglutinin titer at 4�C

Median (range) 2 560 (40-2 621 440) 1 280 (40-1 310 720)

FACIT-Fatigue||

Mean (SD) 31.7 (12.8) 33.0 (10.9)

Median (range) 32.6 (9.0-51.0) 35.4 (14.0-51.0)

NC, not calculated.

*Other includes Australia and Israel.

†Reporting of disabling circulatory symptoms was based on the medical judgment of the investigators. The presence of disabling circulatory symptoms was collected at each visit in
a dedicated questionnaire. If serious adverse event criteria were met (including severity grade 3), the event was additionally reported as a serious adverse event.

‡Including corticosteroids (n 5 20; 47.6%), rituximab monotherapy (n 5 21; 50.0%), combination regimens (n 5 6; 14.3%), any previous rituximab (n 5 24; 57.1%), and other
chemotherapy (n 5 6; 14%). Patients may be included in .1 category.

§Excluding patients with positive or unknown Gilbert syndrome test result (sutimlimab, n 5 20; placebo, n 5 18).

||Scores on the FACIT-Fatigue Scale range from 0 to 52, with higher scores indicating less fatigue.
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Figure 1. Effect of sutimlimab on a composite primary endpoint comprising Hb levels, transfusions, and need for CAD medications in patients with CAD. For
the composite primary endpoint, sutimlimab was compared with placebo using the Cochran-Mantel-Haenszel method, stratified by baseline Hb (, median vs $

median) and geographic region (Asia/Other, North America, and Europe). Hb increase from baseline of $1.5 g/dL was analyzed at the treatment assessment timepoint,
defined as the mean average of weeks 23, 25, and 26. Requirements for transfusion included Hb , 9 g/dL and patient symptomatic or Hb , 7 g/dL and patient asymp-
tomatic. One patient in the sutimlimab arm discontinued treatment prematurely owing to an adverse event (increased blood IgM) and started rituximab treatment dur-
ing the 9-week posttreatment follow-up period; 2 patients in the sutimlimab arm discontinued prior to week 23, and their statuses were therefore “unknown” for this
analysis. BL, baseline.
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from the primary endpoint because they discontinued early due
to TEAEs, including 1 patient who received a prohibited CAD
medication. Results obtained in the 3 sensitivity analyses were
consistent with the primary efficacy endpoint analysis (supple-
mental Table 4).

Anemia
Sutimlimab treatment resulted in rapid (within 3 weeks) and sus-
tained increase in Hb levels, whereas no meaningful change was
observed with placebo (Figure 2). Following initiation of sutimli-
mab, mean (standard error [SE]) Hb increased from baseline by
1.2 g/dL (0.2) at week 1, 2.0 g/dL (0.2) at week 3, and 2.7 g/dL
(0.3) at treatment assessment timepoint. The proportion of patients
achieving$1.5 g/dL increase in Hb from baseline per visit is shown
in supplemental Figure 3. Overall, with sutimlimab treatment, the
mean Hb level was maintained $11 g/dL from week 3 to treat-
ment assessment timepoint. Fourteen (73.7%) patients in the
sutimlimab arm and 4 (20.0%) patients in the placebo arm
achieved Hb level$11 g/dL, at treatment assessment timepoint.

At treatment assessment timepoint, the least-squares (LS) mean
increase from baseline in Hb was 2.66 g/dL (95% CI: 2.0, 3.22)
and 0.09 g/dL (95% CI: 20.50, 0.68) in the sutimlimab and pla-
cebo arms, respectively. The LS mean difference in Hb increase
between the sutimlimab and placebo arms was 2.56 g/dL (95%
CI: 1.75, 3.38; P , .001 between treatments).

Hemolysis
Sutimlimab treatment led to rapid (within 1-3 weeks) control of
hemolysis that was sustained throughout the study. Mean total
bilirubin normalized within 1 to 3 weeks of sutimlimab and was
maintained at levels below the upper limit of normal to week 26
(Figure 3A). Fifteen (88.2%) patients in the sutimlimab arm and 4
(22.2%) patients in the placebo arm achieved normal total biliru-
bin levels at treatment assessment timepoint. Mean (SE) change
from baseline in total bilirubin at treatment assessment time-
point (excluding patients with positive/unknown Gilbert syn-
drome test result) was 222.1 mmol/L (2.5) in the sutimlimab arm
and 21.8 mmol/L (3.3) in the placebo arm.

Similar results were obtained for additional markers of hemolysis
(Figure 3B-D). Eleven (57.9%) patients in the sutimlimab arm
and 6 (30.0%) patients in the placebo arm achieved normalized
LDH levels at treatment assessment timepoint. A decrease in
reticulocyte count coincided with the increased Hb level in
sutimlimab-treated patients; reductions in reticulocyte count
were not observed in placebo-treated patients. In the sutimli-
mab arm, an increase in the haptoglobin level corresponded to
a decrease in the bilirubin level, whereas no change occurred in
the placebo arm. Twelve (63.2%) patients in the sutimlimab arm
and 3 (15.0%) patients in the placebo arm achieved normalized
haptoglobin levels at treatment assessment timepoint.

Fatigue
Sutimlimab treatment led to rapid (by week 1) and sustained
improvements in FACIT-Fatigue scores (Figure 4). Mean FACIT-
Fatigue score had improved by �5 points by week 1 for
sutimlimab-treated patients, which was clinically meaningful, vs
no change for placebo-treated patients (mean change 20.1). LS
mean change in FACIT-Fatigue score from baseline at treatment
assessment timepoint was 10.8 points (95% CI: 7.45, 14.22) in
the sutimlimab arm and 1.9 points (95% CI: 21.65, 5.46) in the
placebo arm. The LS mean score difference between the sutimli-
mab and placebo arms at treatment assessment timepoint was
8.9 points (95% CI: 4.0, 13.85; P , .001 between treatments).

Pharmacodynamics
Normal serum ranges for the Wieslab Complement System
Classical Pathway assay, C4, and CH50 are 69%-129%,
0.18-0.45 g/L, and 31.6-57.6 U/mL, respectively. Below-normal
ranges are expected in CAD and are consistent with this dis-
ease. Sutimlimab treatment resulted in near-complete inhibition
of classical complement pathway activity, which was sustained
throughout the treatment period (Figure 5A). Mean (SE) predose
classical complement pathway activity at baseline was 22.4%
(4.2) in the sutimlimab arm and 32.8% (6.4) in the placebo arm.
After the first dose of sutimlimab, at week 1, mean (SE) classical
complement pathway activity decreased to 2.3% (0.6) in the
sutimlimab arm, whereas the mean classical complement path-
way activity remained similar to baseline in the placebo arm
(35.6% [5.8]). Sutimlimab-induced reductions in mean (SE) classi-
cal complement pathway activity were maintained to week
26 (sutimlimab, 3.2% [0.5] vs placebo, 29.3% [7.0]).

Mean (SE) predose total C4 levels in the sutimlimab arm were
0.06 g/L (0.01), 0.24 g/L (0.01), and 0.31 g/L (0.02) at baseline,
week 1, and week 26, respectively (Figure 5B). By contrast,
mean (SE) predose C4 level in the placebo arm was unchanged
from baseline (0.07 g/L [0.02]), through week 1 (0.07 g/L [0.02]),
and week 26 (0.07 g/L [0.02]). At baseline, mean (SE) CH50 lev-
els were 27.0 (3.3) U/mL for the sutimlimab arm and 20.8 (20)
U/mL for placebo. After the first dose of sutimlimab and
throughout the treatment period, the mean value of CH50 for
sutimlimab was below limit of quantification, whereas the mean
(SE) values for the placebo group ranged from 15.6 (4.3) to
23.5 (5) U/mL. C1q levels generally remained unchanged
through the treatment period (supplemental Figure 4).

Safety
Overall, 21 patients (96%) in the sutimlimab arm experienced a
total of 146 TEAEs, and 20 patients (100%) in the placebo arm
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Figure 2. Effect of sutimlimab on Hb levels from baseline to week 26. Sutim-
limab treatment resulted in rapid and sustained increase in Hb levels.
B, baseline.
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experienced a total of 90 TEAEs (Table 2). The majority of
TEAEs were considered unrelated to the study treatment by the
investigator. Eight patients (36%) experienced 28 TEAEs that
were considered related to sutimlimab treatment, and 4 patients
(20%) experienced 7 TEAEs that were considered related to pla-
cebo administration by the investigator, with no specific trend
observed in either group. Headache (22.7% vs 10.0%), hyper-
tension (22.7% vs 0%), rhinitis (18.2% vs 0%), Raynaud phenom-
enon (18.2% vs 0%), and acrocyanosis (13.6% vs 0%) were
reported more frequently in sutimlimab-treated patients com-
pared with placebo, with a difference of $3 patients between
groups (supplemental Table 5).

In the sutimlimab arm, 3 patients (14%) experienced a total of 4
TESAEs: febrile infection and increased blood IgM (n 5 1), Ray-
naud phenomenon (n 5 1), and cerebral venous thrombosis
(n 5 1). One patient with elevated IgM levels at screening and
baseline experienced 2 serious events: 1 TESAE of febrile infec-
tion and 1 TESAE of increased blood IgM. A nonserious TEAE
of increased blood IgM was reported on day 36. The IgM level
was noted to increase on day 42, and this event was then
reported as a TESAE. There was no clinical evidence for hyper-
viscosity syndrome. The patient was diagnosed with low-grade
B-cell lymphoma. Sutimlimab was permanently discontinued,
and the patient received rituximab as treatment for elevated

Placebo Sutimlimab
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Figure 3. Effect of sutimlimab on markers of hemolysis from baseline to week 26. (A) Analysis of the change from baseline in bilirubin excluded patients with either
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IgM, which resolved on day 169. Both events were assessed by
the investigator as not related to sutimlimab. One patient with a
history of Raynaud phenomenon had a TESAE of Raynaud phe-
nomenon requiring hospitalization, which was considered not
related to sutimlimab treatment by the investigator. One elderly
patient with history of diabetes had a severe cerebral venous
thrombosis on day 86. Sutimlimab was temporarily interrupted,
and the TESAE resolved on day 88 (without sequalae) after
treatment with antithrombotic agents. This TESAE was assessed
by the investigator as possibly related to sutimlimab. In the pla-
cebo arm, 1 patient (5%) experienced 3 TESAEs: 2 TESAEs of
anemia that occurred on days 21 and 63 and resolved on days
22 and 66, respectively, and 1 TESAE of vascular device infec-
tion on day 64 that resolved on day 66. These were all assessed
as not related to placebo by the investigator.

Three patients (14%) in the sutimlimab arm discontinued the
study drug prematurely because of TEAEs and TESAEs. One
patient had multiple TEAEs of acrocyanosis with concurrent Ray-
naud phenomenon and was later diagnosed with lymphoproli-
ferative disease progression. One patient discontinued because
of 1 TESAE of blood IgM increase and was later diagnosed with
low-grade B-cell lymphoma, and the third patient had an
infusion-related reaction (pain in lumbar spine and both legs
during sutimlimab infusion) assessed as possibly related to
sutimlimab by the investigator.

Eighteen TEAEs of infection were reported by 10 patients (45%) in
the sutimlimab arm, and 19 TEAEs of infection were reported in
10 patients (50%) in the placebo arm. Two serious infections were
reported, one in each treatment arm. One patient in the sutimli-
mab group experienced a serious event of “febrile infection of
unknown origin” on day 2 that required hospitalization and
resolved on day 23. One patient in the placebo arm had a vascular
device infection caused by Bacillus cereus. Neither serious infection
led to treatment discontinuation. There were no meningococcal
infections. A single patient in the study (placebo arm) experienced
a nonserious event of suspected COVID-19 infection. No develop-
ment of systemic lupus erythematosus or other autoimmune disor-
ders or worsening of preexisting autoimmune disorders were
reported. No serious hypersensitivity reactions and/or anaphylaxis
were reported, and no deaths occurred during the study.

There are no available data on COVID-19 vaccination from this
study.

Clinical laboratory parameters
Median (range) D-dimer levels were 401 (190, 2194) mg/L fibrino-
gen equivalent units at baseline and 271 (190, 8537) mg/L fibrin-
ogen equivalent units at week 26 in the sutimlimab arm (n 5

21), compared with median 392 (190, 1837) mg/L fibrinogen
equivalent units at baseline and 475 (190, 3845) mg/L fibrinogen
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equivalent units in the placebo arm (n 5 20). In 1 subject in the
sutimlimab arm, D-dimer increased from 391 mg/L fibrinogen
equivalent units at baseline to 8537 mg/L fibrinogen equivalent
units at week 26. No clinical correlates (including thromboem-
bolic events) were associated with this increase.

Discussion
CADENZA is the first placebo-controlled trial of sutimlimab in
CAD and strengthens the results from the previous single-arm
open-label CARDINAL study of patients with CAD and recent
transfusion history.38 Sutimlimab led to normalization of mean Hb
levels and markers of hemolysis, and clinically meaningful
improvements in fatigue in patients with CAD without a history of
recent blood transfusion. Response to sutimlimab was rapid
(within 1-3 weeks) and sustained over 26 weeks. Mean Hb levels
were maintained at .11 g/dL with sutimlimab from week 3
through to study end. Mean total bilirubin (a marker of hemolysis)
was normalized within 1 to 3 weeks with sutimlimab and main-
tained at levels below the upper limit of normal to week 26. Con-
versely, placebo had no significant effect on these endpoints.

At baseline, FACIT-Fatigue scores for patients with CAD in
CADENZA were similar to scores seen in patients with serious
chronic conditions, including rheumatoid arthritis,43 advanced
cancer-related anemia,44 and paroxysmal nocturnal hemoglobin-
uria.45,46 A clinically meaningful change in FACIT-Fatigue in auto-
immune or oncologic diseases has been shown to be in the
range of 3 to 10.47-49 In CAD, a change in FACIT-Fatigue of $5
points is estimated to be a clinically important change.42 In this
trial, treatment with sutimlimab resulted in significantly improved

LS mean FACIT-Fatigue score compared with placebo, as well as
a .10-point mean increase in FACIT-Fatigue score compared
with baseline in the sutimlimab group at treatment assessment
timepoint, demonstrating improved quality of life. The connection
between inflammation and fatigue has been explored in a study
showing that patients with CAD have elevations in both the proin-
flammatory cytokine interleukin (IL)-6 and the regulatory cytokine
IL-10. Treatment of patients with CAD with sutimlimab reduced
levels of both inflammatory markers (IL-6, IL-10) with concurrent
improvement in patients’ fatigue scores, demonstrating the influ-
ence of complement inhibition on inflammation in CAD and sug-
gesting a role for complement-mediated inhibition in fatigue.50

The observed efficacy results in CADENZA correlated with near-
complete inhibition of classical complement pathway activity
from week 1 through end of treatment in the sutimlimab group.
Classical complement pathway activity was below the normal
range at baseline, which is consistent with the disease nature
(continuous complement activation leading to consumption of
complement components) and corroborated by the low levels of
total C4 and CH50 observed at baseline. As C4 is the first sub-
strate cleaved following activation of C1s, C4 levels are low in
patients with CAD, owing to cold agglutinin-mediated classical
complement pathway activation and continuous consumption.
At week 26, mean classical complement pathway activity was
almost completely inhibited in the sutimlimab arm. Blockade of
C1s by sutimlimab increased circulating levels of C4 several-fold
in patients, providing an in vivo marker of sutimlimab activity.

Sutimlimab treatment was generally well tolerated. The type
and frequency of TEAEs were consistent with an elderly and

Table 2. Safety summary

Sutimlimab (N 5 22) Placebo (N 5 20)

TEAEs, n 146 90

Patients with $1 TEAE, n (%) 21 (95.5) 20 (100)

Patients with $1 related TEAE,* n (%) 8 (36.4)† 4 (20.0)‡

Patients with $1 TEAE grade 3 or higher, n (%) 5 (22.7) 3 (15.0)

Patients with $1 TEAE infection grade 3 or higher, n (%) 2 (9.1) 1 (5.0)

TESAEs, n 4 3

Patients with $1 TESAE, n (%) 3 (13.6) 1 (5.0)

Patients with $1 related TESAE,* n (%) 1 (4.5) 0

Patients with $1 TESAE infection, n (%) 1 (4.5) 1 (5.0)

Total number of TESAE thromboembolic events, n 1 0

Patients with $1 TESAE thromboembolic event, n (%) 1 (4.5) 0

Patients who discontinued treatment and/or study owing to
a TEAE, n (%)

3 (13.6)§ 0

Deaths, n (%) 0 0

AE, adverse event.

*AEs with missing causality assessment were included in the related TEAEs/TESAEs; AEs with investigator causality assessment of “possible” or “probable” were considered related.

†Patients experienced 28 events, including acrocyanosis, paresthesia oral, chest discomfort, infection site pruritis, seasonal allergy, herpes zoster, nasopharyngitis, upper respiratory
tract infection, infusion-related reaction, cerebral venous thrombosis, headache, pruritis, skin lesion, hypertension, and hypotension.

‡Patients experienced 7 events, including diarrhea, dyspepsia, thirst, cold-stimulus headache, headache, rash erythematous, and toxic skin eruption.

§Events comprised acrocyanosis and Raynaud phenomenon (in 1 patient), infusion-related reactions (in 1 patient), and increased blood IgM (in 1 patient).
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medically complex patient population. Headache, hypertension,
rhinitis, Raynaud phenomenon, and acrocyanosis were more fre-
quent with sutimlimab vs placebo, with a difference of $3
patients between groups. No deaths were reported, and there
were no reports of meningococcal infections. Serious infections
were reported without leading to treatment discontinuation. No
development of systemic lupus erythematosus or serious hyper-
sensitivity reactions and/or anaphylaxis were reported in either
group. A limitation of this study is that patient numbers were
low but consistent with a rare disease with clinical heterogeneity
that may have contributed to some baseline imbalances (higher
female:male ratio). Observed baseline imbalances, including dis-
abling circulatory symptoms, acrocyanosis, Raynaud phenome-
non, and IgM levels (Table 1), may have impacted the results
observed. Of note, the baseline imbalance in incidence of CAD
symptoms was less distinct at week 26 (supplemental Table 6).
Real-world evidence studies may help further characterize the
effectiveness and safety of sutimlimab in CAD.

In conclusion, CADENZA phase 3 data support the targeted
inhibition of C1s as an effective and well-tolerated treatment for
patients with CAD. Statistically significant and clinically meaning-
ful differences were demonstrated between sutimlimab and pla-
cebo, further supporting the efficacy of sutimlimab. Sutimlimab
has a novel and targeted mechanism of action that specifically
addresses the underlying cause of chronic hemolytic anemia in
CAD. These data show that targeting the classical complement
pathway at C1s represents a new, effective therapeutic
approach for CAD management, independent of transfusion sta-
tus, with treatment responses as early as week 1 and a favorable
tolerability profile.
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