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Abstract
Cold agglutinin disease (CAD) is a rare type of autoimmune hemolytic 
anemia (AIHA) distinct from warm antibody AIHA. One of the ways 
it is distinct is that CAD is usually not responsive to corticosteroids 
compared with warm antibody AIHA. Historically, CAD therapy has 
been limited to immunotherapy or chemoimmunotherapy with vary-
ing responses. Cold agglutinin disease also poses a risk for thrombosis 
and mortality. For patients, fatigue tends to be a common symptom of 
CAD. The hallmark of CAD is complement-mediated hemolysis, which 
makes complement inhibitors a critical therapeutic option for patients. 
Previously, eculizumab, a C5 inhibitor, had limited therapeutic effect 
for CAD. More recently, sutimlimab, a C1s inhibitor, was shown in two 
phase III studies to be an efficacious treatment for CAD, improving he-
moglobin, hemolysis, and fatigue. However, there is a paucity of medi-
cal literature on CAD and on sutimlimab in particular that is geared to-
ward advanced practice providers (APPs). This article aims to provide 
APPs with a background in CAD and a focus on sutimlimab, assisting 
these providers in caring for patients with CAD receiving this therapy. 

Cold agglutinin disease 
(CAD) is a rare form of 
autoimmune hemolytic 
anemia (AIHA). It makes 

up 15% to 30% of AIHAs (Sokol et 
al., 1981). Its prevalence is 5 to 20 
cases per million, and incidence is 
2 cases per million per year (Moore 
& Arnall, 2023). Cold agglutinin dis-
ease is twice as common in females 
compared with males. It is unique 
because the antibody that causes red 
blood cell (RBC) hemolysis causes 
agglutination at colder temperatures 
than warm antibody AIHAs. Some 
cold agglutinins only bind at tem-
peratures below body temperature 
and do not cause clinical hemolytic 

anemia. However, the cold agglu-
tinins can bind to RBCs and induce 
hemolysis at body temperatures. A 
thermal amplitude test can be done 
to differentiate these, although usu-
ally, this is unnecessary as hemoly-
sis markers can be done to look for 
clinical hemolytic anemia. While he-
molysis in CAD has been thought to 
be more common during colder sea-
sons and climates, it can also occur 
during warmer seasons, as hemoly-
sis occurs at body temperatures in 
many cases (Berentsen et al., 2022). 
Additional clinical consequences 
of CAD include an increased risk of 
thrombotic events, mortality, and 
circulatory symptoms (acrocyanosis J Adv Pract Oncol 2024;15(6):389–395
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and Raynaud phenomenon). These circulatory 
symptoms are usually associated with cold envi-
ronmental exposures (Broome et al., 2020; Bylsma 
et al., 2019).     

In addition, CAD is diagnosed in the setting 
of hemolytic anemia with a monospecific direct 
antiglobulin test (DAT) strongly positive for com-
plement C3d and negative or weakly positive for 
IgG and a cold agglutinin titer of 64 or greater at 
4° Celsius (Berentsen & Barcellini, 2021). Cold 
agglutinin disease is usually associated with a 
CAD-associated lymphoproliferative disorder 
(Berentsen et al., 2020). The binding of these 
cold agglutinins to the surface of RBCs leads to 
agglutination and triggers complement-mediated 
hemolysis by activating the classical complement 
pathway (Figure 1), leading to additional burdens 
on quality of life, such as fatigue.

Another similar entity is cold agglutinin 
syndrome (CAS), which is, by definition, asso-
ciated with another underlying disease, such 
as aggressive lymphoma or infection (Epstein-
Barr virus or Mycoplasma pneumonia). Cold 
agglutinin syndrome is usually self-remitting 
within 4 to 6 weeks in cases of infection but can 
be problematic when associated with an overt 
malignancy. Therefore, it is imperative to rule 
out aggressive lymphoma and infection in pa-
tients suspected of having CAD to differentiate 
it from CAS.  

Unlike other AIHAs, CAD does not tend to 
respond therapeutically to corticosteroids, with a 
low response rate of less than 20% (Table 1; Röth 
et al., 2021; Khellaf et al., 2014). However, ritux-
imab (Rituxan), a CD20 monoclonal antibody, can 
be administered weekly for 4 to 8 weeks. Only 
50% of patients who received monotherapy ritux-
imab achieved partial remission (PR) for 6.5 to 11 
months (Röth et al., 2021). Rituximab can take up 
to 6 weeks before any improvement is seen in he-
molysis labs with a variable response. Rituximab 
also poses a major infection risk for older adults. 
In previous studies, the risk of infection with the 
use of rituximab for immune thrombocytopenia 
therapy is increased in populations over age 70, 
including the risk of severe infection and death. 
Patients with CAD are usually in this older adult 
age group. Therefore, infection prevention with 
rituximab is imperative (Khellaf et al., 2014). With 
its mechanism of action on B cells and resulting 
B-cell depletion, rituximab can be associated with 
impaired response to vaccination, hepatitis B reac-
tivation, and progressive multifocal encephalopa-
thy. In a real-world setting in the US, rituximab 
was predominantly (> 95%) given as monotherapy 
for CAD, with an average of 1.45 courses per pa-
tient. In this real-world analysis, the hemolysis 
markers such as hemoglobin (Hgb), bilirubin, and 
lactate dehydrogenase (LDH) level improvements 
were sustained for only a median of 44, 98, and 93 
days, respectively (Piatek et al., 2023).     

For a more sustained remission, medically fit 
patients can be treated with four (28-day) cycles of 
bendamustine plus rituximab (BR). Per the Nordic 
trial, BR can provide a response in 78% of patients 
(35 out of 45), with 53% achieving a complete re-
mission (CR) and 24% a PR. An estimated 5-year 
remission was found to be at 77%.  While other 
chemoimmunotherapy options have been studied, 
BR is the most effective in treating CAD (Berent-
sen et al., 2020). However, BR is not always viable 
for CAD patients because these patients, again, 
tend to be older and have comorbidities. 

Complement inhibitors are another thera-
peutic option for patients with CAD. Eculi-
zumab (Soliris) is a C5 complement inhibi-
tor, but this does not inhibit C3b-mediated, 
extravascular hemolysis (Figure 1; Berentsen 
et al., 2022). The data is also limited to a small, 

Table 1.  Cold Agglutinin Disease  
Response Criteria

Complete response 
 • Absence of anemia 
 • No signs of hemolysis 
 • Disappearance of clinical symptoms of CAD 
 • No monoclonal serum protein 
 • No signs of clonal lymphoproliferative 

disorder assessed by bone marrow biopsy, 
immunohistochemistry, and flow cytometry

Partial response
 • A stable increase in Hgb by 2 g/dL or to normal range 
 • A reduction of serum IgM levels by at least 50% of the 

initial level or normal range 
 • Improvement of symptoms 
 • Transfusion independence

Note. CAD = cold agglutinin disease; Hbg = hemoglobin. 
Treatment response criteria for CAD trials evaluating 
rituximab monotherapy and combination therapy with 
bendamustine. Information from Röth et al. (2021); 
Khellaf et al. (2014) 
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open-label, phase II trial for C5 inhibition  
(Röth et al., 2018). Sutimlimab (Enjaymo), a C1s 
complement inhibitor, is first in its class and is 
designed to inhibit classical pathway activation 
and mediated hemolysis. Sutimlimab received US 
Food and Drug Administration (FDA) approval for 
the treatment of hemolysis in adults with CAD on 
February 4, 2022 (Sanofi, 2023). 

SUTIMLIMAB   
Sutimlimab is an intravenous, immunoglobulin 
G4 (IgG4), humanized monoclonal antibody that 
selectively inhibits C1s protein, which is respon-
sible for activating the classical complement path-
way (Figure 1; Berentsen et al., 2022). This inhi-
bition prevents the opsonization (deposition of 
complement opsonins) of erythrocytes, leading 

to inhibition of cold agglutinin–induced hemo-
lysis (Dhillon, 2022). Sutimlimab does not pre-
vent circulatory symptoms such as acrocyanosis 
and Raynaud phenomenon. The dose is 6.5 g for 
a weight between 39 kg to 74 kg and 7.5 g for a 
weight of 75 kg or greater. The frequency of the su-
timlimab infusion is weekly for the first two doses 
and then every 14 days after that. Following the 
first two doses, if the interval between subsequent 
doses exceeds 17 days, the patient would need to 
repeat the two weekly doses of sutimlimab before 
resuming every-14-day dosing (Sanofi, 2023). 

Two significant studies (CARDINAL and CA-
DENZA) led to the FDA approval of sutimlim-
ab. The CARDINAL study was a 26-week, mul-
ticenter study to evaluate the safety and efficacy 
of sutimlimab in CAD patients with a recent RBC 

Figure 1. Complement pathway inhibition. Sutimlimab inhibits the pathway at C1s and can inhibit both 
the classical and alternate complement pathways, unlike eculizumab. Reproduced from Berentsen  
et al. (2022).   
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transfusion history. The 24 patients included in 
the trial were typical for a population with CAD, 
as 62% were women with a median age of 72. The 
patients’ mean number of transfusions the year 
before enrolling in the study was 4.8 ± 6.2 (median 
2, range 1 to 23). The mean baseline Hgb level was 
8.6 ± 1.6 g/dL. According to the CARDINAL study, 
the classical complement pathway was completely 
inhibited within 1 week of starting sutimlimab. The 
composite primary endpoint was a normalization 
of the Hgb level to ≥ 12 g/dL or an increase of Hgb 
level of ≥ 2 g/dL from baseline in the absence of 
RBC transfusion or prohibited medications (Röth 
et al., 2021). In the CARDINAL study, 13 of 24 pa-
tients (54%; 95% confidence interval [CI] = 33–74) 
met the composite primary endpoint. Among 11 
patients who did not meet the prespecified crite-
ria for the primary endpoint, six had evidence of 
treatment response: four patients had an increase 
in the Hgb level of ≥ 1 g/dL over the study period; 
one patient had an increase of ≥ 2 g/dL and a level 
of ≥ 12 g/dL at the time of treatment assessment, 
and one patient had a change from 11 g/dL to 11.8 
g/dL at the time of treatment assessment in the ab-
sence of transfusion. The bilirubin level had also 
normalized in four of these six patients during the 
treatment period. Overall, the mean increase in 
Hgb was 2.6 g/dL (95% CI = 0.7–4.5) at the time 
of treatment assessment. The mean Hgb level in-
creased by 1.2 ± 1.3 g/dL within the first week of 
treatment and by 2.3 ± 1.5 g/dL by the third week. 
The mean Hgb level was maintained at more than 
11 g/dL from week three until the end of the study. 
Hemolysis markers rapidly normalized in the su-
timlimab cohort (Röth et al., 2021).

CADENZA was a phase III, randomized, dou-
ble-blind, placebo-controlled study to assess the 
efficacy and safety of sutimlimab in patients with 
primary CAD without a recent (within 6 months) 
history of blood transfusion. The 42 patients in the 
trial had disease characteristics consistent with a 
CAD population. Seventy-nine percent were fe-
male, with a median age of 66 years. At baseline, 
the mean Hgb level was 9.2 g/dL and 9.3 g/dL for 
the sutimlimab and placebo arms, respectively. 
The composite primary endpoint was an increase 
in Hgb from a baseline of ≥ 1.5 g/dL in the absence 
of RBC transfusion and prohibited mediations 
(Röth et al., 2022). A total of 16  patients (73%) 

receiving sutimlimab compared with 3 patients 
(15%) receiving placebo  met the composite pri-
mary endpoint (odds ratio [OR], 15.9; 95% CI = 29–
88). Three patients in the sutimlimab arm did not 
meet the response criteria. Two of these patients 
had an increase of Hgb ≥ 1.5 g/dL over baseline 
on at least one occasion that was not associated 
with an RBC transfusion. All 16 patients treated 
with sutimlimab had increased Hgb levels ≥ 2 g/
dL from baseline, compared with two patients on 
placebo. In this patient population that was not 
heavily RBC transfusion-dependent, RBC trans-
fusions were still fewer in the sutimlimab group 
than in the placebo-treated patients. The Hgb in-
crease occurred within 3 weeks of sutimlimab ad-
ministration and was sustained over the 26-week 
treatment period. In comparison, no meaning-
ful changes were reported in the placebo-treated 
patients. An increase in Hgb was 2.66 g/dL (95% 
CI = 2–3.22) and 0.09 g/dL (95% CI = –0.5–0.68) 
for the sutimlimab arm and the placebo group, re-
spectively. After the first administration of sutim-
limab, the Hgb increased from baseline by 1.2 g/dL 
within the first week and 2 g/dL by the third week. 
The mean Hgb level was maintained at more than 
11 g/dL from week 3 until the end of the study in 
the sutimlimab arm. Like the CARDINAL study, 
hemolysis markers rapidly normalized in the  
sutimlimab cohort (Röth et al., 2022).

As fatigue is commonly reported as the pri-
mary complaint by patients with primary CAD, as-
sessing the impact on this outcome is imperative. 
In the CARDINAL and CADENZA trials, fatigue 
was assessed by using the Functional Assessment 
of Chronic Illness Therapy – Fatigue (FACIT-Fa-
tigue) scale (Hill et al., 2021). The FACIT-Fatigue 
scale is a 13-item instrument that assesses fatigue 
and its impact on an individual’s daily activities 
and functioning, with higher scores representing a 
better quality of life (Acaster et al., 2015). Notably, 
patient-reported fatigue was improved during su-
timlimab treatment in the CARDINAL open-label 
study (mean score on the FACIT-Fatigue Scale at 
baseline, 32.5; mean score at the time of treatment 
assessment, 44.3). The reduction in fatigue was 
seen by the first week, with a mean difference of 
7.2 points from baseline, a change in fatigue that 
was maintained throughout the study. The esti-
mated mean increase in the score on the FACIT-
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Fatigue scale in all patients was 10.9 points (95% 
CI = 8.0–13.7) by the end of the CARDINAL study. 
Similarly, sutimlimab displayed improvements in 
FACIT-Fatigue scores by the end of the first week 
of treatment in the CADENZA trial. Patients treat-
ed with sutimlimab reported fatigue improvement 
by approximately 5 points by week 1, which is clin-
ically meaningful compared with no change for 
the placebo cohort. This improvement in fatigue 
was maintained throughout the CADENZA study, 
with the overall score difference between the su-
timlimab and placebo arms at the study endpoint 
being 8.9 points (95% CI = 4–13.85; Figure 2; Röth 
et al., 2022). A FACIT-Fatigue score increase of 5 
points was estimated to be a clinically meaning-
ful change in patients with CAD, which is consis-
tent with estimates of between 2 and 10 points for 
other disease areas (e.g., rheumatoid arthritis, sys-
temic lupus erythematosus, anemia related to can-
cer; Hill et al., 2021). Lastly, it is essential to note 
that the improvements in Hgb, hemolysis labs, and 
fatigue from sutimlimab last as long as the patient 
continues to receive this therapy. 

In the CARDINAL trial, the most frequent 
adverse events were infections and infestations, 
headache, dizziness, gastrointestinal disorders, 
fatigue, peripheral edema, pyrexia, arthralgia, 
hypertension, acrocyanosis, cough, and infusion-
related reactions (Röth et al., 2021). The adverse 
events reported in the CADENZA study from 
the sutimlimab cohort  included headache, hy-
pertension, rhinitis, Raynaud phenomenon, and 
acrocyanosis (Röth et al., 2022). Three patients 
in the sutimlimab arm of the CADENZA trial ex-
perienced treatment-emergent serious adverse 
events, including febrile infection and increased 
blood IgM, Raynaud phenomenon, and cerebral 
venous thrombosis (Röth et al., 2022). The ad-
verse events were consistent with an elderly and 
medically compromised patient population en-
rolled in CADENZA through randomization. No 
clinical evidence of systemic lupus erythemato-
sus, autoimmune disease, or meningococcal in-
fections was observed in patients after the admin-
istration of sutimlimab in either trial (Röth et al., 
2021, 2022).

Figure 2. CADENZA trial results. Visual abstract demonstrating results from the CADENZA trial. The 
CADENZA trial was a 26-week randomized, placebo-controlled phase III study to assess safety and  
efficacy of sutimlimab in patients with CAD without recent (within 6 months prior to enrollment)  
transfusion history. Reproduced from Röth et al. (2022). 
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A recent combined safety analysis of the phase 
III CARDINAL and CADENZA studies demon-
strated that sutimlimab was generally well tol-
erated, with the type and frequency of adverse 
events consistent with an older and medically 
complex population, and that COVID-19 vaccina-
tion response was not impaired, and there was no 
need to modify the sutimlimab dosing schedule 
(Broome et al., 2023; Fattizzo et al., 2024). While 
patients with CAD are at risk for a thromboembol-
ic event (TE), a post-hoc analysis of the CARDI-
NAL and CADENZA studies (with a small number 
of events) reported a nonsignificant 40% reduc-
tion in TE events after initiation of treatment with 
sutimlimab (Röth et al., 2023). 

SUPPORTIVE CARE FOR SUTIMLIMAB     
There are essential things to consider for the ad-
vanced practice provider (APP) who cares for a 
patient with CAD, particularly for a patient re-
ceiving sutimlimab. As sutimlimab blocks the 
complement cascade, these patients need to re-
ceive vaccinations for encapsulated bacteria 
(Neisseria meningitidis, Streptococcus pneumoni-
ae, and Haemophilus influenzae) at least 2 weeks 
prior to starting this treatment per the Advisory 
Committee on Immunization Practices (ACIP) 
recommendations (Table 2; Moore & Arnall, 
2023; Murthy et al., 2022; Kroger et al., 2022). Per 
the package insert, these vaccines do not elimi-
nate but rather lessen the risk of encapsulated 

bacterial infections (Sanofi, 2023). These infec-
tions have not been seen in patients receiving su-
timlimab, likely due to this preventative strategy 
based on earlier eculizumab experiences. It is also 
vital to ensure that the complete blood count lab 
specimens are handled with special procedures 
for CAD patients per your institution’s labora-
tory to prevent ex vivo hemolysis and inaccurate 
laboratory results. Lastly, it is imperative to keep 
patients with CAD warm during the infusion vis-
its and ensure that intravenous fluids and blood 
products are at least room temperature or warm-
er. The use of in-line infusion warmers is recom-
mended, when available, to prevent agglutination 
and hemolysis.   

In the clinical setting at the James Cancer 
Hospital, patients receiving sutimlimab have 
reported mild fatigue, mild nausea, mild head-
aches, and mild brain fog the evening of their 
sutimlimab infusions. If these side effects oc-
cur, they usually resolve by the next morning or 
within 24 hours of the sutimlimab infusions and 
do not require any intervention. One patient who 
reported mild nausea following the sutimlimab 
treatment did not require any antiemetic therapy. 
The APP providing education about these side ef-
fects and their self-limiting nature can be help-
ful to patients and their families. Like the CAR-
DINAL and CADENZA study findings, patients 
at the James Cancer Hospital report that their 
fatigue improves with sutimlimab. This improve-
ment can occur even after the first infusion of 
sutimlimab. Unlike other monoclonal antibody 
treatments used at the James Cancer Hospital, 
infusion reactions have not been observed with 
sutimlimab. Overall, sutimlimab is a tolerable and 
effective treatment for CAD. 

CONCLUSION     
Cold agglutinin disease is a rare and complex 
form of AIHA. Sutimlimab is an important 
therapeutic option for CAD patients. Hopefully, 
further research will introduce additional ef-
ficacious complement inhibitor options for this 
patient population. l   

Disclosure
Mr. Reid has no conflicts of interest to disclose. 
Dr. Fedutes Henderson is an employee of Sanofi.  

Table 2. Prophylactic Vaccine Schedule
Time  Vaccine(s) 

Day –14  • Pneumococcal 20-valent conjugate 
vaccine (Prevnar-20) injection 0.5 mL 

 • Haemophilus B polysaccharide 
conjugate vaccine (PedvaxHIB) vaccine 
injection 0.5 mL 

 • Meningococcal vaccine B recombinant 
(Bexsero) injection 0.5 mL 

 • Meningococcal oligosaccharide vaccine 
(Menveo) injection 0.5 mL 

Day 14   • Meningococcal vaccine B (Bexsero) 

Day 42  • Meningococcal oligosaccharide vaccine 
(Menveo) 

Note. Advisory Committee on Immunization Practices 
recommendations in patients with persistent 
complement component deficiencies and patients 
treated with complement inhibitors. Information from 
Murthy et al. (2022); Kroger et al. (2022).
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