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Key Points

•CAD causes
complement-mediated
hemolysis and anemia,
which may necessitate
blood transfusion
therapy.

• Sutimlimab precludes
hemolysis and effec-
tively increases hemo-
globin levels in CAD
patients without caus-
ing relevant adverse
events.

Cold agglutinin disease (CAD) causes predominantly extravascular hemolysis and anemia via

complement activation. Sutimlimab is a novel humanized monoclonal antibody directed

against classical pathway complement factor C1s. We aimed to evaluate the safety and

efficacy of long-term maintenance treatment with sutimlimab in patients with CAD. Seven

CAD patients treated with sutimlimab as part of a phase 1B study were transitioned to

a named patient program. After a loading dose, patients received biweekly (once every

2 weeks) infusions of sutimlimab at various doses. When a patient’s laboratory data showed

signs of breakthrough hemolysis, the dose of sutimlimab was increased. Three patients

started with a dose of 45 mg/kg, another 3 with 60 mg/kg, and 1 with a fixed dose of 5.5 g

every other week. All CAD patients responded to re-treatment, and sutimlimab increased

hemoglobin from a median initial level of 7.7 g/dL to a median peak of 12.5 g/dL (P 5 .016).

Patients maintained near normal hemoglobin levels except for a few breakthrough events

that were related to underdosing and which resolved after the appropriate dose increase.

Four of the patients included were eventually treated with a biweekly 5.5 g fixed-dose

regimen of sutimlimab. None of them had any breakthrough hemolysis. All patients

remained transfusion free while receiving sutimlimab. There were no treatment-related

serious adverse events. Overlapping treatment with erythropoietin, rituximab, or ibrutinib

in individual patients was safe and did not cause untoward drug interactions. Long-term

maintenance treatment with sutimlimab was safe, effectively inhibited hemolysis, and

significantly increased hemoglobin levels in re-exposed, previously transfusion-dependent

CAD patients.

Introduction

Cold agglutinin disease (CAD) is a subtype of autoimmune hemolytic anemia (AIHA) in which cold-
induced binding of antibodies directed against antigens on the erythrocyte surface causes hemolysis
and anemia via complement activation.1 CAD is deemed a low-grade B-cell lymphoproliferative disorder
(now termed “primary cold agglutinin-associated lymphoproliferative disorder”), bearing a vague
morphologic resemblance to lymphoplasmacytic lymphoma (LPL)2,3 but with a distinct lack of the
MYD88 L265P mutation.4 In secondary CAD, now referred to as cold agglutinin syndrome, the most
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common underlying conditions include overt malignancy, infection,
and autoimmune diseases.5 Cold agglutinins are most often of the
immunoglobulin M (IgM) antibody subtype2,6 and usually target the
I-antigen on the surface of red blood cells.7 Clinical severity of CAD
is primarily determined by the thermal amplitude of these cold
agglutinins as opposed to their serum concentrations.8 Cardinal
symptoms of patients with CAD are anemia (requiring transfusion
therapy in severe cases), chronic fatigue, and acrocyanosis, caused
by IgM-induced binding and agglutination of red blood cells, which
leads to occlusion of arterioles and capillaries. Binding of cold
agglutinins to the target antigen initiates the classical pathway of
the complement system.9

C1 complexes with antigen-bound cold agglutinins lead to cleav-
age of C2 and C4. Together, C2b and C4b form the C3
convertase, which catalyzes the proteolysis of C3 into C3a, a potent
anaphylatoxin,10 and C3b, an important factor of opsonization.11

Subsequently, C3b-coated red blood cells are sequestered by
macrophages of the reticuloendothelial system in the liver, a process
known as extravascular hemolysis,12-14 which is the main patho-
physiological mechanism behind anemia in CAD.15,16 In addition,
C5b-induced formation of the membrane attack complex can
result in intravascular hemolysis, but it is tightly regulated by
surface-bound, complement-inhibitory proteins CD55 and CD59.14,17

Inhibition of C5 with eculizumab attenuated hemolysis in patients
with CAD (measured by lactate dehydrogenase [LDH] levels) but
did not substantially increase hemoglobin levels.18 Other treat-
ment approaches include rituximab monotherapy and fludarabine-
rituximab and bendamustine-rituximab.19 However, these options
offer only varying degrees of efficacy and differing response rates;
in the case of immune chemotherapy, they can cause serious
adverse events.20-23

In recent years, a new humanized monoclonal antibody, sutimlimab,
has been introduced that is directed against C1s and results in
upstream inhibition of the classical pathway of the complement
cascade.24 Studies have evaluated the use of sutimlimab in both
normal healthy volunteers and various patient groups.24-27

In the first-in-human trial, the effects of sutimlimab were tested in 10
CAD patients with promising results.25 A total of 4 once-per-week
doses of sutimlimab 60 mg/kg effectively inhibited hemolysis. This
was manifested by a rapid increase in hemoglobin levels by
a median of 1.6 g/dL within the first week and 3.9 g/dL within
6 weeks, normalization of bilirubin levels within 24 hours in most
patients, and normalization of haptoglobin levels in 4 patients within
1 week. In addition, sutimlimab treatment precluded the need for
transfusions in all 6 previously transfusion-dependent patients.
Infusions were administered over 1 hour and were well tolerated
without a need for premedication. We hypothesized that the effects
of sutimlimab could be maintained as a long-term treatment and that
treatment at 2-week intervals between infusions would be feasible.
CAD patients treated with sutimlimab as part of this phase 1B
study25 were transitioned to a named-patient program (NPP) to
allow continuous long-term maintenance treatment with this drug.

Methods

Patients who participated in the phase 1B trial of sutimlimab25 were
given the chance to receive further CAD treatment with the study
drug as part of an open-label, single-center NPP. The program was
approved by the medical directorate of the Vienna General Hospital,

and written informed consent was obtained from all patients. The
initial phase 1B study was approved by the independent Ethics
Committee of the Medical University of Vienna and the national
competent authority (Austrian Agency for Health and Food
Safety).25 The NPP was conducted at the Department of Clinical
Pharmacology, Medical University of Vienna, between March 2016
and October 2017 and was performed in accordance with the
Good Clinical Practice Guideline and the principles set forth in the
Declaration of Helsinki. Data were collected only until the patients
completed the NPP and were enrolled in an open label extension of
the original sutimlimab trial. The primary aim was to evaluate the
safety and efficacy of continuous long-term maintenance treatment
with sutimlimab in patients with CAD.

Inclusion and exclusion criteria

Only CAD patients who participated in the phase 1B trial of
sutimlimab and showed an appropriate response to treatment were
eligible for enrollment in the NPP. Patients were excluded from
the program if they showed persistent insufficient response to
treatment with sutimlimab or experienced worsening of the under-
lying or concomitant condition.

Study design and treatment

All clinical procedures were conducted in the same manner and
at the same investigational site as the phase 1B trial, but blood
sampling for the purpose of monitoring efficacy and safety was
reduced. Treatment was started with up to 4 once-per-week loading
doses of sutimlimab, and patients received individually tailored
biweekly (once every 2 weeks) maintenance doses starting with
either 45 mg/kg, 60 mg/kg, or a fixed-dose regimen of 5.5 g. The
weight-dependent dose regimens were chosen on the basis of the
results of the first-in-human trial, in which once-per-week doses
of 60 mg/kg completely suppressed the classical complement
pathway activity for 2 weeks after the last dose, yet a dose of
30 mg/kg was insufficient.24 Because the minimally effective dose
for a biweekly infusion regimen was not defined, we chose 45mg/kg
(and later on, 60 mg/kg) as the initial doses. Blood samples were
taken before the study drug was administered to measure both
hemoglobin levels and parameters indicative of hemolysis such as
LDH, bilirubin, and haptoglobin. When a patient experienced drug
washout or showed laboratory signs of breakthrough hemolysis, the
dose of sutimlimab was increased. Sutimlimab was infused via an
infusion pump over a period of 60 minutes without premedications.
More information about the investigational drug can be found in the
supplemental Data.

Two patients (002 and 004) received concomitant treatment with
sutimlimab and rituximab. In patient 002, treatment with rituximab
was initiated after pretreatment with sutimlimab for several months.
In contrast, patient 004 received treatment with rituximab during
a prolonged period of breakthrough hemolysis and drug washout
under continuously increased bilirubin levels. When sutimlimab and
rituximab were administered on the same day, the latter was given
first with sutimlimab being administered shortly after.

Laboratory analysis

All laboratory assessments were performed by the central labora-
tory of the Medical University of Vienna. A complete blood count
was performed to monitor hemoglobin changes. Complement
activity was assessed by measurement of C4 and the surrogate
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parameter CH50 (quantitatively).28 The CH50 test is a global test
to determine the functional complement activity. Haptoglobin,
LDH, and bilirubin were measured to detect hemolysis. Blood
samples were obtained either by fresh venipuncture or by using
existing central lines (ports), and blood was immediately stored
in prewarmed steel blocks to prevent ex vivo agglutination and
hemolysis.

Safety and statistical analysis

Safety was assessed by regular physical examinations, measure-
ment of vital signs, electrocardiogram, laboratory tests, and record-
ing of adverse events, which were further classified as mild,
moderate, or severe. Routine laboratory tests included hematologic
tests, blood chemistry, coagulation tests, and urinalysis. Descriptive
statistics (median and quartiles) were primarily used to analyze the
data. Start hemoglobin and peak hemoglobin levels were compared
by using a Wilcoxon signed-rank test.

Results

Seven patients (age 55 to 76 years) were included, all of whom
suffered from cold-induced acrocyanosis and who tested positive
for C3d in the direct antiglobulin test (Coombs test). The duration of
sutimlimab treatment ranged from 2 to 20 months, and doses were
tailored to the individual patient’s clinical and laboratory responses.
Accordingly, the number of sutimlimab infusions varied between 6
and 43. Additional patient information is provided in Tables 1 and 2
(to further de-identify patients, the patient number does not reflect
the number assigned during the trial). Three patients started with
a dose of 45 mg/kg. This was infused once per week for a period of
4 weeks, which was then changed to biweekly infusions. An
additional 3 patients were treated with 60 mg/kg; they received
once-per-week sutimlimab for 2 weeks and were then switched to
a biweekly treatment regimen. One patient received a fixed dose of
5.5 g of sutimlimab every other week throughout the NPP.

Sutimlimab rapidly increased hemoglobin to near normal levels in
all patients: hemoglobin levels rose from a median initial level of
7.7 g/dL to a median peak of 12.5 g/dL (P 5 .0156; Figure 1;
supplemental Table 1). Patients maintained near normal hemoglo-
bin levels and inhibition of hemolysis for the duration of the study,
except for a few breakthrough events that were related to underdosing
that resolved after the appropriate dose increase. Four of the patients

were eventually treated with a 5.5-g fixed-dose regimen of sutimlimab
once every other week. None of them experienced breakthrough
hemolysis. Despite increasing hemoglobin and hematocrit levels,
neither improvement nor worsening of acrocyanosis was detected.

Accordingly, sutimlimab decreased bilirubin levels from a median
baseline level of 1.75 mg/dL to a median nadir of 0.4 mg/dL
(Figure 1; supplemental Table 1). Furthermore, sutimlimab reduced
LDH levels from a median initial level of 336 U/L to a median nadir
of 177 U/L (Figure 1; supplemental Table 1). The median initial
haptoglobin level of,12 mg/dL increased to a median peak level of
80 mg/dL under treatment with sutimlimab (Figure 1; supplemental
Table 1). None of the patients required transfusions because
of CAD.

Patient 006 was classified as having mixed AIHA because she
intermittently tested positive for both IgM and IgG auto-
antibodies in the Coombs test. She responded well to sutimlimab
with her initial hemoglobin level of 7.1 g/dL, which increased to
a peak of 12 g/dL, although her steady state level was ;11 g/dL
(Figure 2; supplemental Table 1).

Concomitant or overlapping treatments of interest

Two patients concomitantly received erythropoietin to enhance or
accelerate the hemoglobin response while receiving treatment with
sutimlimab (patient 002, Figure 3; patient 007, supplemental
Figure 1). Patient 002 had a baseline erythropoietin level of 34.4
mU/mL and a corresponding hematocrit level of 27.9%. Patient 007
had a baseline erythropoietin level between 18.7 and 28.6 mU/mL
and a corresponding hematocrit level of 22.4%. Doses of
erythropoietin ranged between 4000 and 10000 IU and were
administered 3 times per week (the exact doses used are shown in
Table 1, Figure 3, and supplemental Figure 1).

In 2 rituximab-naı̈ve patients, the principle investigator decided to
switch from sutimlimab to rituximab treatment because of unrelated
severe health conditions with a high likelihood for future serious (but
unrelated) adverse events, making early concurrent use of any
investigational agent undesirable. One of these patients (002;
Figure 3) was diagnosed with uterine cancer and required radiation
therapy; the other patient (004; Figure 4) suffered from preexisting
hydrocephalus and underwent surgical shunt implantation. Despite
ongoing sutimlimab treatment, rituximab was able to deplete B cells

Table 1. Patient characteristics and treatment information

Patient

Weight at NPP

start, kg

Additional hematologic

diagnosis Concomitant treatment

No. of

infusions

Duration of NPP

participation, mo

Highest dose

received

Breakthrough on

highest dose

001 57 LPL with CAS, active NHL Ibrutinib 6 2 3420 mg
(60 mg/kg)

Yes

002 75 CAD/cancer EPO (5000 IU 3 times per wk), rituximab 11 5 4500 mg
(60 mg/kg)

No

003 63 NA NA 9 3.5 3960 mg
(60 mg/kg)

Yes

004 75 NA Rituximab 13 5.5 5.5 g No

005 60 CAD after LPL NA 43 20 5.5 g No

006 75 Mixed AIHA NA 43 20 5.5 g No

007 78 CAD after LPL EPO (10000 IU 3 times per wk) 20 9.5 5.5 g No

CAS, cold agglutinin syndrome; EPO, erythropoietin; NA, not applicable; NHL, non-Hodgkin lymphoma.
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from the circulation (Figure 4), but rituximab did not result in
a sustained partial hematologic response (as defined by a .2 g/dL
hemoglobin increase over baseline).

After participating in the phase 1B sutimlimab trial, patient 001
started ibrutinib treatment for LPL. While receiving ibrutinib
monotherapy, this patient developed a urinary tract infection, which
triggered a hemolytic crisis; thus, the patient was temporarily
restarted on concomitant sutimlimab (Figure 5). Patient 001 was
the only patient who suffered from active underlying cancer (non-
Hodgkin lymphoma) and consistently showed increased IgM levels.
The remaining 6 patients showed normal IgM levels throughout the
duration of the NPP. Further information (ie, duration of therapy)
about concomitant treatments can be found in Figures 2-5 and
supplemental Figures 1-3.

Safety

A total of 62 adverse events were reported throughout the duration
of the NPP, most of which were of mild or moderate severity and
which eventually resolved. Adverse events included gastrointestinal
symptoms (10%), palpitations (6%), common cold (6%), sore throat
(6%), and night sweats (5%). All adverse events but 1 were deemed
unrelated or unlikely to be related to the investigational drug. One
serious adverse event occurred (postoperative gastrointestinal
bleeding described in Figure 2), but it was attributed to the re-
operation of a diaphragmatic hernia and was therefore not
considered related to the study drug.

Sutimlimab infusions were well tolerated without the need for
premedication. There was no occurrence of any infusion-related
symptoms. A detailed list of adverse events is provided in
supplemental Table 2. The effects of sutimlimab in the other
patients are depicted in supplemental Figures 2 and 3 showing
laboratory evidence of breakthrough hemolysis in patients in
whom sutimlimab was either underdosed or for whom the interval
between infusions was too long to maintain adequate inhibition
of the complement system (eg, after extended washout periods
resulting from prolonged vacation).

Because there is an increased incidence of thromboembolic
events in patients with CAD29 and a known interaction
between complement and coagulation,30 we sought to depict
the changes in D-dimer over time for all patients (supplemental
Figure 4). Two of the patients had increased D-dimer levels at
baseline. D-dimer levels decreased under continued long-term
sutimlimab treatment in 1 of these patients (006), whereas
D-dimer levels decreased after start of ibrutinib therapy in the
patient with high tumor load (001). Although no clinical
thromboembolic events occurred, spikes of D-dimer were
associated with gastrointestinal bleeding (006), and break-
through hemolysis (004).

Discussion

The NPP showed that biweekly infusion therapy with sutimlimab
was safe, effectively abrogated complement-mediated hemolysis
(Figure 3), and increased and maintained hemoglobin at near
normal levels in all patients upon re-exposure. However, under-
dosing or prolonged washout periods invariably resulted in disease
recurrence in all patients.
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Figure 1. Response to sutimlimab. Start and peak/nadir levels of hemoglobin,

bilirubin, LDH and haptoglobin. Box plots depict min-max (whiskers), quartiles

(boxes), and median (horizontal lines).

Table 2. Characteristics of patients included in NPP

Patient

Initial IgM

level,

mg/dL IgM subtype

Monospecific Coombs

test (at NPP start)

Cold agglutinin

titer (at NPP

start)

001 1720 k and
suspected l

Anti-IgG–, anti-IgM11,
anti-C3c1, anti-C3d111

1:.1024

002 163 Suspected k Anti-IgG–, anti-IgM–,
anti-C3d11

1:32

003 229 k Anti-IgG–, anti-IgM–,
anti-C3d11

1:.1024

004 121 Suspected k Anti-IgG–, anti-IgM–,
anti-C3d11

1:.1024

005 93 Paraprotein not
excludable

Anti-IgG1, anti-IgM11,
anti-C3d111

1:256

006 22.5 No signs of
paraprotein

Anti-IgG–, anti-IgM1,
anti-C3d111

1:256

007 NA NA Anti-IgG–, anti-IgM–,
anti-C3d11

1:.1024

IgM level normal range, 40-230 mg/dL.
NA, not available.
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Pharmacokinetic and pharmacodynamic modeling (not shown)
suggests a low but present risk of insufficient drug levels with the
5.5-g fixed-dose regimen in certain patients at the end of a 14-day
treatment interval. To further reduce the risk of breakthrough
hemolysis, higher doses of sutimlimab have been chosen for the 2
phase 3 trials (NCT03347396, NCT03347422).

Different biomarkers may be used to detect early breakthrough
hemolysis: bilirubin was proven to be reliable, even at times
when there was no notable drop in hemoglobin values. However,
bilirubin may not be useful in patients with Gilbert’s disease or
liver disease. LDH could be used in CAD patients; however, it
is not a specific parameter of hemolysis, and LDH can be
increased by underlying lymphomas. Haptoglobin presents the
most sensitive marker of hemolysis, but some patients may have
undetectable haptoglobin levels despite normal hemoglobin and
bilirubin levels as part of ongoing residual hemolysis (eg, as
a result of mechanical forces in the microcirculation caused by
erythrocyte agglutination during acrocyanosis). Alternatively,
serial measurements of C4 levels seem to be a relevant marker

for breakthrough hemolysis (Figure 3) and may be useful when
bilirubin cannot be interpreted. However, C4 levels must be read with
caution, particularly in patients with paradoxical hemolysis, in which
infection or trauma-induced hemolysis is caused by increased
synthesis of classical complement pathway components, which
result in false-normal C4 levels.31

Free hemoglobin was not used as a marker for hemolysis because
we frequently observe falsely elevated levels (false positives) when a
blood draw is complicated or prolonged, even in healthy volunteers.
Conversely, physicians should be aware of reticulocytopenia in up
to 20% of autoimmune hemolytic anemias.32 Normal reticulocyte
counts were seen initially in 1 of our transfusion-dependent patients,
and sutimlimab therapy unmasked the true degree of reticulocy-
tosis, which increased by 75% within 24 hours. This indicates that
C3b-positive reticulocytes are readily consumed until complement
deposition is blocked.

Although sutimlimab substantially ameliorated anemia, two patients
(002 and 007) required concomitant treatment with erythropoietin
to optimize their hemoglobin response. Both suffered from renal

0.0

0.5

1.0

1.5

2.0

2.5

Time [weeks]

Bi
lir

ub
in 

[m
g/

dL
]

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88

5

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88

6
7
8
9

10
11
12
13

Time [weeks]

He
m

og
lob

in 
[g

/d
L]

post-operative bleeding

breakthrough hemolysis extended washout period
3.4g 4.3g 4.7g sutimlimab 5.5g fixed-dose

Figure 2. Laboratory course of patient 006. Patient 006 initially received 45 mg/kg (3.4 g once per week, then once every other week) of sutimlimab, and hemoglobin

levels increased from 7.1 g/dL to 11.2 g/dL after 6 doses, when she experienced laboratory evidence of biochemical breakthrough. This prompted a subsequent dose increase

to 60 mg/kg (4.3 g), which stopped hemolysis and stabilized hemoglobin levels. However, after 8 additional doses, breakthrough hemolysis re-occurred (increased bilirubin and

LDH and decreased haptoglobin and C4), which led to a slight dose increase to 65 mg/kg preventing additional breakthrough events. Hemoglobin levels decreased signifi-

cantly during repeated long washout periods (lengthy holiday and health treatment vacation). She was eventually assigned to a 5.5-g fixed-dose regimen, and after re-

commencement of regular infusion therapy, the patient’s hemoglobin improved to a peak level of 11.4 g/dL. In week 75, her hemoglobin dropped to 6.1 g/dL which was

a result of gastrointestinal bleeding after the re-operation of a diaphragmatic hernia. At that time, laboratory results revealed a sufficiently inhibited complement system (CH50,

30.8%; C4, 36 mg/dL) but no signs of hemolysis (bilirubin, 0.46 mg/dL; LDH, 213 U/L; and haptoglobin, 80 mg/dL). After transfusion of 4 erythrocyte concentrates, her

hemoglobin rose to 10.2 g/dL and remained stable throughout her hospital stay. She continued with regular biweekly infusions of sutimlimab 5.5 g and her hemoglobin levels

remained stable (blue arrows denote sutimlimab infusions).
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Figure 3. Laboratory course of patient 002. Because of renal insufficiency,

patient 002 was treated with erythropoietin 5000 IU 3 times per week in addition to

sutimlimab. This increased the speed with which her hemoglobin rose when

compared with the phase 1 trial. She received 10 infusions of sutimlimab 60 mg/kg

(4.5 g) over the course of 5 months. Her hemoglobin increased from 7.9 to 9.0 g/dL

within 1 week and reached 13.4 g/dL after 9 weeks. Her participation in the NPP

was terminated because of the diagnosis of a massive inoperable uterine cancer

with unilateral hydronephrosis which required radiotherapy. After exclusion from the

NPP, the patient received regular transfusions every 1 to 2 weeks. As part of

a different study, the patient began treatment with rituximab 2 weeks before the last

administered dose of sutimlimab. Although CD201 cells decreased immediately and

remained low over the course of treatment, she was not able to achieve an adequate

clinical response. Approximately 1 year later, the patient developed sepsis after

a stroke and subsequently died.
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Figure 4. Laboratory course of patient 004. At treatment initiation, patient 004

had a hemoglobin level of 7.4 g/dL. She was started on 45 mg/kg (3.4 g) sutimlimab

which rapidly abrogated hemolysis and increased her hemoglobin level by 5.8 g/dL

over the course of 4 weeks. Patient 004 experienced laboratory evidence of

breakthrough hemolysis after the sixth and seventh doses of sutimlimab. However,

when blood sampling was performed 1 week after the seventh dose of sutimlimab,

the hemoglobin level was slightly increased and the bilirubin level normalized,

suggesting that the treatment effect of sutimlimab was sufficient for at least 7 days

but not sufficient for an interval of 14 days. This indicates that either the dose

needed to be increased or the dosing interval needed to be decreased to achieve

a sustained treatment effect. Despite underdosing, patient 004 was deliberately

continued on 45 mg/kg of sutimlimab to allow for the detection of a putative

beneficial effect of concomitantly started treatment with rituximab. The patient was

eventually switched to a 5.5-g fixed-dose regimen, resulting in a rapid increase of

hemoglobin and a decrease of bilirubin. Patient 004 experienced a washout of

sutimlimab after the second fixed dose and her hemoglobin dropped to 9.2 g/dL.

However, after 2 infusion cycles of sutimlimab, her hemoglobin promptly increased

again to a level of 11.5 g/dL. During a scheduled checkup 2 weeks later, her hemo-

globin level had further increased by 2.2 g/dL to a peak level of 13.7 g/dL, conclud-

ing the NPP. The investigator decided to discontinue treating this patient because

she had repeated falls as a result of unrelated hydrocephalus, which required

a shunt operation. In spite of a fifth dose of rituximab administered after the NPP,

patient 004 could not maintain normal hemoglobin levels. Her hemoglobin levels de-

creased by more than 4 g/dL within 3 weeks to a level of 9.5 g/dL and then ranged

from 7.7 to 10.2 g/dL over the following months, eventually reaching a nadir of

7.3 g/dL 8 months later.
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insufficiency with inadequate erythropoietin levels relative to the
degree of anemia (patient 002 suffered from uterine cancer, which
obstructed the ureter and caused postrenal kidney failure; patient
007 suffered from renal insufficiency as a consequence of multiple
previous chemotherapies). Thus, some patients might benefit from
erythropoietin as an add-on therapy, which is currently being
investigated.33

For 4 consecutive months, patient 004 received overlapping
treatment with sutimlimab and the anti-CD20 antibody rituximab.
Rituximab was infused once every 4 weeks and immediately
depleted CD201 cells (Figure 4). Interestingly, sutimlimab does
not seem to impair the CD20-cell-killing ability of rituximab.
Therefore, rituximab-induced complement attack on B cells may
not be its driving mechanism of action in humans, as has
previously been suggested.34 Hence, there may not be a negative
drug-drug interaction apart from enhanced immunosuppression,
although more data are needed.

Before ibrutinib treatment was initiated, patient 001 received
4 doses of sutimlimab as part of the previous phase 1B trial;
however, hemoglobin levels did not improve. We speculate that
this was a result of the patient not having an underlying
extravascular hemolysis process, as indicated by normal bilirubin
levels at baseline. This may be secondary to tumor-associated
complement deficiency, because this patient had an active LPL
(70% bone marrow infiltration before treatment with ibrutinib).34,35

Tumor-associated anemia improved after the start of ibrutinib
treatment and hemoglobin levels steadily increased (Figure 5).
Interestingly, bilirubin levels concomitantly increased, which could
indicate resurgent complement-mediated hemolysis and/or liver
toxicity by ibrutinib. Along with other tyrosine kinase inhibitors,
ibrutinib treatment has been associated with hepatotoxicity.36,37

After ibrutinib treatment was initiated, our patient showed a slight
increase in transaminase levels. However, there was a surge in
bilirubin levels after a hemolytic crisis that was triggered by
a urinary tract infection. To control the hemolysis, sutimlimab
was re-started along with standard antibiotic therapy for the
underlying infection. After treatment with sutimlimab was initiated,
bilirubin normalized and hemoglobin increased. Although no defin-
itive conclusions on cause and effect can be made solely on the
basis of 1 patient, several lessons can be learned from this
illustrative case.

First, some patients with CAD secondary to an underlying malig-
nancy may experience tumor-associated hypocomplementemia
that attenuates CAD-induced hemolysis. Clinicians should be
aware of the potential replenishment of complement factors with
a resurgence of hemolysis in patients who are receiving treatment
for underlying lymphomas. Second, infections can cause hemolytic
crises as a consequence of increased complement synthesis,31

and such hemolytic crises may not be prevented by tyrosine
kinase inhibitors such as ibrutinib. Apart from the treatment of
the underlying infection, the addition of sutimlimab might be
a treatment option to counteract exacerbated hemolysis in such
cases. Third, we demonstrate the first successful use of ibrutinib
in a patient with LPL (MYD88: ENST00000396334:c.794T.C
p.L265P.) and CAD. So far, there are no systematic studies
examining the effect of ibrutinib in AIHA. Three recent case reports
have described treatment success with ibrutinib in AIHA secondary
to other hematologic malignancies (chronic lymphocytic leukemia
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Figure 5. Laboratory course of patient 001. To target the underlying lympho-

plasmacytic lymphoma, patient 001 had been treated with ibrutinib since her

participation in the phase 1B trial. Her initial hemoglobin level was 7.7 g/dL

accompanied by distinct laboratory markers of hemolysis. After initiation of ibrutinib,

her IgM levels started to decrease, and her bilirubin levels steadily increased.

Hemoglobin levels continued to improve until the patient suffered a urinary tract

infection, which triggered a hemolytic crisis and caused a sudden drop in

hemoglobin level and a peak in bilirubin level. She was subsequently re-treated with

sutimlimab 60 mg/kg (3.4 g) on top of antibiotic therapy and responded with normal-

ization of bilirubin within 3 days, a 1.6 g/dL increase in hemoglobin within 6 days,

and a complete normalization of anemia within 5 weeks. The patient’s haptoglobin

levels remained below measurable limits, indicating fully compensated residual

hemolysis. *In week 9, the patient presented with increased levels of bilirubin

(1.49 mg/dL) and LDH (566 U/L), while still retaining a normal level of hemoglobin,

which we therefore classified as early breakthrough hemolysis.
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and mantle cell lymphoma).38-40 However, the effect of ibrutinib in
patients with primary CADwithout a hematologic malignancy remains
unknown.

Patient 006 was the only patient classified as having mixed AIHA.
However, some uncertainty remains regarding the subtype of her
diagnosis, because there are several definitions of mixed AIHA in
the current literature.41 Of note, this patient tested positive only
intermittently for IgG auto-antibodies in the Coombs test, which
could mean that the IgG antibodies are not always or necessarily
contributing to hemolysis in this patient.

Over an extended treatment period, sutimlimab up to 5.5 g
continued to demonstrate a good safety and tolerability profile.
Only mild or moderate adverse events were observed, most of them
unrelated or not likely related to the investigational drug. Concom-
itant administration of erythropoietin was safe, and overlapping
treatment with ibrutinib or rituximab did not render patients
susceptible to infections or cause any apparent drug interactions.

A clear limitation of these findings is the small sample size, so that
the eventual evaluation of the safety of sutimlimab and interactions
of concomitant treatments for patients with such a rare condition as
CAD will be a real-world postmarketing exercise. Another limitation
is the uncertain efficacy of sutimlimab in patients with warm or mixed
AIHA. Of the 3 patients from the initial phase 1B trial who did not
adequately respond to study treatment, 1 had mixed AIHA and
2 suffered from active lymphoma. Complement inhibition may not
be a suitable treatment strategy in such patients. Furthermore,
because sutimlimab does not affect the production of cold
agglutinins or their binding to erythrocyte antigens, CAD patients
might still experience acrocyanosis. Another shortcoming of this
NPP is the lack of measurement of pharmacokinetics and antidrug
antibodies, which could have added to the understanding of
breakthrough hemolysis events and explained the need for dose
increases. To successfully undergo treatment with sutimlimab,
regular venous access is required for infusion therapy. This may be
difficult in some patients whose peripheral venous access is
suboptimal, or it may necessitate implantation of a central venous
access line. Definitive conclusions about the safety and drug
interactions of sutimlimab are not possible because of limited
exposure and sample size.

In conclusion, during this extended treatment period with the
anti-C1s antibody sutimlimab, all CAD patients responded to

re-treatment, and all patients reached normal hemoglobin levels
at least once. Sutimlimab showed a good safety profile without
the occurrence of infusion-related symptoms or drug-related
serious adverse events. Overlapping treatment with erythropoi-
etin, rituximab, or ibrutinib in individual patients was safe,
caused no apparent drug interactions, and did not manifest an
increased susceptibility to infections. C1s inhibition by sutimli-
mab seems to be an effective therapeutic strategy for long-term
treatment of CAD patients.
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