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Abstract

Background: Inflammatory cytokines, such as interleukin (IL)-1β, alter iron homeostasis and 

erythropoiesis, resulting in anemia, but whether inhibition of IL-1β can reverse these effects is 

unclear.

Objective: To determine whether IL-1β inhibition with canakinumab reduces incident anemia 

and improves hemoglobin levels among those with prevalent anemia.

Design: Exploratory analysis of a randomized controlled trial. (ClinicalTrials.gov: 

NCT01327846)

Setting: Many clinical sites in 39 countries.

Participants: 8683 CANTOS (Canakinumab Anti-inflammatory Thrombosis Outcomes Study) 

participants without anemia at trial entry and 1303 with prevalent anemia at trial entry.

Intervention: Random assignment to receive placebo or canakinumab (50, 150, or 300 mg) 

subcutaneously once every 3 months.

Measurements: Primary outcome was incident anemia (hemoglobin level <130 g/L in men or 

<120 g/L in women).
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Results: Anemia incidence increased with rising baseline levels of high-sensitivity C-reactive 

protein (hsCRP), and both hsCRP and IL-6 decreased among participants receiving canakinumab 

compared with the placebo group. During a median follow-up of 3.7 years, participants without 

baseline anemia who received canakinumab at any dosage had significantly less incident anemia 

than those who received placebo (hazard ratio, 0.84 [95% CI, 0.77 to 0.93]; P < 0.001). Compared 

with placebo, the greatest benefits of IL-1β inhibition on incident anemia were observed among 

participants with the most robust anti-inflammatory response, an effect corroborated in formal 

mediation analyses. Among those with baseline anemia, canakinumab increased mean hemoglobin 

levels by 11.3 g/L (P < 0.001) compared with placebo after 2 years of treatment. Canakinumab 

increased the risk for infection and was associated with mild cases of thrombocytopenia and 

neutropenia, none of which was grade 3 or higher.

Limitation: CANTOS was not designed to assess the cause of anemia in individual trial 

participants.

Conclusion: These exploratory analyses of randomized trial data provide proof of principle that 

inflammation inhibition, at least through the IL-1β/IL-6 signaling pathway, reduces the incidence 

of anemia and improves hemoglobin levels in patients with anemia.

Primary Funding Source: Novartis Pharmaceuticals.

Inflammation contributes to the development of anemia in the setting of chronic disease or 

infection and may play a role in anemia onset in older adults. Several factors contribute to 

the anemia that accompanies chronic inflammation, and inflammatory cytokines, such as 

interleukin (IL)-1β and IL-6, participate in its pathogenesis (1–3). These cytokines cause 

anemia through myelosuppression, erythropoietin resistance, and decreased erythrocyte 

survival. In addition, IL-1β and IL-6 may promote hypoferremia, or decreased iron 

availability, by stimulating the expression of hepcidin. This iron regulatory mediator rises in 

iron overload and inflammatory states (4, 5). Hepcidin inhibits intestinal iron absorption and 

promotes sequestration of iron in macrophages, creating an iron-restricted state that impairs 

erythropoiesis (6, 7). Small studies of patients with rheumatologic disorders, such as 

refractory rheumatoid arthritis treated with tocilizumab–a monoclonal antibody that targets 

the IL-6 receptor–or systemic juvenile rheumatoid arthritis treated with the IL-1 receptor 

antagonist anakinra, showed improvement in anemia as well as clinical anemia-related 

symptoms (8, 9). These studies support the targeting of inflammatory cytokines to treat the 

anemia of chronic inflammation.

CANTOS (Canakinumab Anti-inflammatory Thrombosis Outcomes Study), a multinational, 

double-blind, placebo-controlled trial, enrolled 10 061 participants with a history of 

myocardial infarction and high-sensitivity C-reactive protein (hsCRP) levels of 2 mg/L or 

greater despite receiving a full panel of guideline-directed secondary preventive care, 

including effective statin treatment. Trial participants randomly received placebo or 1 of 3 

dosages (50, 150, or 300 mg) of the IL-1β inhibitor canakinumab, given subcutaneously 

once every 3 months. As reported elsewhere, during a median follow-up of 3.7 years, major 

cardiovascular event rates fell significantly in participants who received either the 150-or 

300-mg canakinumab dosage, with the greatest magnitude of effect accruing among those 

with the most robust reductions in either their hsCRP or IL-6 level (10). Further analyses of 
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CANTOS demonstrate that targeting the IL-1β innate immunity pathway beneficially affects 

several other systemic disorders associated with chronic inflammation, including lung 

cancer (11) and gout (12). CANTOS afforded the opportunity to explore in the context of a 

randomized placebo-controlled trial whether anti-inflammatory therapy targeting IL-1β 
might further slow the onset of incident anemia and improve hemoglobin levels among 

patients with prevalent anemia in a population at risk due, in part, to the presence of 

underlying low-grade inflammation.

METHODS

CANTOS was conducted between 2011 and 2017. Eligible participants included those with 

a history of myocardial infarction at least 30 days before randomization and blood hsCRP 

concentrations of 2 mg/L or greater despite standard-of-care secondary preventive measures 

for cardiovascular disease. Exclusions included a history of uncontrolled hypertension or 

diabetes, history or evidence of active tuberculosis or high risk for HIV-related disease, 

chronic or recurrent infections, previous cancer other than basal cell skin carcinoma, a 

suspected or known immunocompromised state, and use of systemic anti-inflammatory 

treatments. The trial protocol was approved by institutional review boards or ethics 

committees in the 39 countries involved in the study. All participants provided written 

informed consent to participate, and the trial underwent surveillance by an independent data 

and safety monitoring committee.

As described in detail elsewhere (10), participants were randomly assigned through 

computer-generated code to receive standard care plus placebo or standard care plus 

canakinumab at a dosage of 50, 150, or 300 mg given subcutaneously once every 3 months. 

Randomization was stratified by time from the most recent myocardial infarction (30 to 180 

days vs. longer). Of 10 061 participants randomly assigned, 9986 had both baseline and 

follow-up hemoglobin measures and were included in these analyses. At trial entry, 95% of 

participants in both the canakinumab and placebo groups were receiving antithrombotic or 

anticoagulant therapy. Regarding visit adherence after randomization among participants 

who remained alive and had not reached the end of the trial, 99.7% had a 12-month visit, 

99.5% had a 24-month visit, 88.0% had a 36-month visit, 82.5% had a 48-month visit, and 

60.2% had a 60-month visit. Baseline anemia, defined as a hemoglobin level less than 120 

g/L for women or less than 130 g/L for men, was present in 414 women and 889 men. By 

contrast, 8683 CANTOS participants were free of baseline anemia. During follow-up, all 

participants had complete blood counts, lipid panels, hsCRP levels, and renal and hepatic 

function assessed at 3, 6, 9, 12, 18, 24, 30, 36, 42, 48, 54, and 60 months after 

randomization. Follow-up complete blood counts permitted assessment of incident anemia, 

defined prospectively as occurring on the date of first observation of a hemoglobin level 

lower than 130 g/L in a man or 120 g/L in a woman who had a normal hemoglobin level at 

trial enrollment.

Statistical Analysis

All analyses were done by using SAS, version 9.4 (SAS Institute), and followed the 

intention-to-treat principle, except for the causal mediation analyses.
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Analyses Related to Incident Anemia—The distributions of baseline clinical 

characteristics that might contribute to anemia (such as age, renal function, hsCRP level, 

alcohol use, diabetes, hypertension, and heart failure) were compared between the placebo 

and active treatment groups by using X2 analysis for categorical variables. For continuous 

variables, Kruskal-Wallis testing was performed for multiple-group comparisons and 

Wilcoxon rank-sum testing was done for 2-group comparisons between the placebo and 

active treatment groups. Because time to first occurrence of anemia was an interval-censored 

variable determinable only at blood draws, we estimated relative hazard rates on the basis of 

the discrete analogue of the proportional hazards model proposed by Prentice and Gloeckler 

(13) with implementation described by Allison (14). To be specific, we used the 

complementary log-log transformation applied to logistic regression, with participants 

included at their repeated blood draws until the end of the study or the first sign of anemia. 

Plots of time to anemia used this interval-censored survival model. Relationships between 

inflammation and incident anemia were assessed across increasing tertiles of hsCRP levels 

at trial entry. Models adjusted for trial stratification variables and obtained estimated hazard 

ratios (HRs) and 95% CIs for incident anemia for each canakinumab dosage compared with 

placebo and for all canakinumab dosages combined. Additional subgroup analyses assessed 

factors associated with anemia and chronic inflammation, including age and kidney 

function. All P values are 2-sided, and all CIs were calculated at the 95% level.

Analyses Related to On-Treatment Inflammation Inhibition and Mediation 
Analysis—To parallel treatment response analyses that were prespecified in the CANTOS 

protocol for the trial’s primary cardiovascular end points (15, 16), we performed similar 

analyses to address whether the magnitude of anti-inflammatory response achieved by 

individual participants after a single dose of either placebo or canakinumab was related to 

incident anemia. This analysis divided the canakinumab-treated participants into 2 groups 

according to whether hsCRP levels fell below 2 mg/L at 3 months (robust responders) or 

were 2 mg/L or greater at 3 months (less robust responders). The 3-month time point 

corresponds to the trough after the first canakinumab dose, just before the second dose. We 

also used mediation analysis to control for baseline characteristics that might independently 

influence achieved levels of on-treatment markers of inflammation and to control for the 

effect of treatment. To be specific, we used Valeri and VanderWeele’s SAS macro (17) for 

causal mediation in the setting of survival analysis. Because mediation analysis is sensitive 

to distributional assumptions, we separately considered both a discrete and a continuous 

measure of achieved hsCRP levels. First, we took as mediator an indicator of whether a 

randomly assigned participant achieved a threshold 3-month hsCRP level below 2 mg/L. 

Alternatively, as a normalized, continuous measure of change in hsCRP, we took the natural 

log of achieved hsCRP level at 3 months minus the natural log of baseline hsCRP level. For 

both measures of mediation, potential baseline confounding variables were age in years; sex; 

natural log of baseline hsCRP level; and indicators of diabetes, heart failure, and 

hypertension at baseline. Because the outcome of anemia was not rare, we used the 

recommended Weibull accelerated failure time model to predict the time to incident anemia. 

Mediation analyses pooled the 3 active doses of canakinumab, and for each potential 

mediator, we included an interaction between the mediator and canakinumab treatment.
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Analyses Related to Resolution of Anemia—Analyses of resolution of anemia used 

the same methods for interval-censored survival analysis applied to estimation of incident 

anemia. Included participants were those who had anemia at baseline, and they were 

followed at repeated blood draws until their first normal hemoglobin value (<120 g/L for 

women or <130 g/L for men) or until their last study blood draw. In addition, we used 

repeated-measures mixed models to estimate mean treatment effects on hemoglobin levels 

over time in participants who had anemia at baseline. The models assumed an unstructured 

covariance matrix and included fixed effects for treatment groups, time points, baseline 

hemoglobin level, time at baseline since index myocardial infarction, and interactions 

between treatment groups and time. Two models were fitted: a linear model of hemoglobin 

levels over time, which obtained a 3-degree-of-freedom test of interaction between treatment 

groups and time, and an unstructured model overtime, which obtained a 36-degree-of-

freedom test of interaction between treatments over the 12 follow-up visits.

Role of the Funding Source

Novartis sponsored the investigator-driven CANTOS trial. The CANTOS protocol was 

designed by academic members of the study’s executive committee with input from 

physician and statistician employees of the sponsor. The sponsor was responsible for 

collecting the data. The first author, the corresponding author, and an academic statistician at 

Brigham and Women’s Hospital had full access to the trial databases, generated trial 

analyses, prepared the first draft of the manuscript, and made the decision to submit the 

manuscript for publication.

RESULTS

CANTOS Participants Without Anemia at Baseline

The 8683 CANTOS participants without anemia at baseline randomly received either 

placebo (n = 2887) or canakinumab at 50 mg (n = 1892), 150 mg (n = 1973), or 300 mg (n = 

1931) administered subcutaneously every 3 months. The groups were well matched for 

baseline clinical characteristics, including those predisposing to anemia, such as age, kidney 

function, and underlying inflammation as assessed by baseline hsCRP level (Table 1). 

Among participants without anemia at study entry, increasing baseline hsCRP levels were 

associated with increased rates of incident anemia during follow-up. Among those with 

hsCRP levels in the lowest (<3.15 mg/L), middle, and highest (>5.43 mg/L) tertiles at 

baseline, anemia incidence rates were 6.07, 7.09, and 8.69 per 100 person-years, respectively 

(P for trend across tertiles < 0.001). As reported previously, canakinumab treatment at all 

dosages significantly reduced hsCRP and IL-6 levels compared with placebo (10, 15, 16).

The risk for incident anemia during the median 3.7 years of follow-up was significantly 

lower in the combined canakinumab groups than the placebo group (HR, 0.84 [95% CI, 0.77 

to 0.93]; P < 0.001) (Figure 1, top). Compared with placebo, HRs for incident anemia in 

each canakinumab group were 0.83 (CI, 0.73 to 0.94; P = 0.004) for the 50-mg group, 0.84 

(CI, 0.75 to 0.95; P = 0.006) for the 150-mg group, and 0.85 (CI, 0.75 to 0.96; P = 0.008) for 

the 300-mg group (Table 2 and Figure 1, bottom).
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No significant effect modification was observed for the effect of canakinumab versus 

placebo on incident anemia in analyses stratified by sex; age; presence of hypertension, 

diabetes, or heart failure; or baseline hsCRP levels (Figure 2).

As anticipated, participants aged 65 years and older had higher rates of incident anemia than 

those younger than 65 years. Among participants aged 65 and older, the HRs for incident 

anemia associated with canakinumab versus placebo were 0.79 (CI, 0.66 to 0.95; P = 0.012) 

for the 50-mg group, 0.74 (CI, 0.62 to 0.89; P = 0.001) for the 150-mg group, 0.80 (CI, 0.67 

to 0.96; P = 0.017) for the 300-mg group, and 0.78 (CI, 0.68 to 0.89; P < 0.001) for all 

canakinumab groups combined. Canakinumab seemed to have smaller relative effects and 

absolute magnitude among participants younger than 65 years; in this subgroup, the HR for 

incident anemia associated with combined canakinumab groups versus placebo was 0.88 

(CI, 0.78 to 1.00; P = 0.054) (Table 2 and Figure 3).

Also as anticipated, participants with an estimated glomerular filtration rate (eGFR) less 

than 60 mL/min/1.73 m2 had a higher incidence of anemia than those with an eGFR of 60 

mL/min/1.73 m2 or greater. Risk reductions in incident anemia associated with canakinumab 

versus placebo were modestly greater for participants with an eGFR less than 60 mL/min/

1.73 m2 (HR, 0.80 [CI, 0.67 to 0.97]; P = 0.020) than those with an eGFR of 60 mL/min/

1.73 m2 or greater (HR, 0.85 [CI, 0.76 to 0.95]; P = 0.003) (Table 2).

Among participants with type 2 diabetes, the HRs for incident anemia associated with 

canakinumab versus placebo were 0.83 (CI, 0.69 to 0.99; P = 0.044) for the 50-mg group, 

0.77 (CI, 0.65 to 0.92; P = 0.004) for the 150-mg group, 0.76 (CI, 0.63 to 0.91; P = 0.003) 

for the 300-mg group, and 0.79 (CI, 0.69 to 0.90; P = 0.001) for all canakinumab groups 

combined. Participants without type 2 diabetes did not have a statistically significant 

decrease in incident anemia associated with canakinumab treatment (HR for incident anemia 

associated with combined canakinumab groups vs. placebo, 0.89 [CI, 0.78 to 1.01]; P = 

0.066) (Table 2).

Although canakinumab reduced incident anemia, IL-1β inhibition also was associated with 

mild thrombocytopenia and neutropenia, as reported previously (11). However, no increase 

was observed compared with placebo in episodes of thrombocytopenia or neutropenia of 

grade 3 or higher. Incidence rates for hemorrhage were also similar in the canakinumab and 

placebo groups. However, a small but statistically significant increase was seen in the risk 

for fatal infections that were not opportunistic in nature (10, 11). During the trial, 1 

participant in the 300-mg canakinumab group received a transfusion in association with 

treatment for myelodysplastic syndrome.

Mediation of Anemia Risk Through Changes in hsCRP Level

When stratified by on-treatment hsCRP level achieved at 3 months, participants with the 

most robust anti-inflammatory response to canakinumab had the greatest reduction in 

incident anemia (Figure 4). For participants with an hsCRP level below 2 mg/L 3 months 

after initiating canakinumab treatment, the HR for anemia was 0.74 (CI, 0.66 to 0.83; P < 

0.001) across all canakinumab groups versus the placebo group (Appendix Table 1, available 

at Annals.org). By contrast, among participants with an hsCRP level of 2 mg/L or greater at 
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3 months, the HR for anemia was 0.98 (CI, 0.88 to 1.09; P = 0.71) for the combined 

canakinumab groups versus the placebo group.

Formal mediation analysis provided estimates of the causal effect of change in hsCRP, 

controlling for baseline variables that might independently influence postrandomization 

hsCRP levels (Table 3). Because the anemia outcome was common, survival analyses in this 

case used a Weibull accelerated failure time model, which yielded estimates of the relative 

mean survival time (that is, time free of anemia) in the active canakinumab versus the 

placebo group. Controlling for baseline covariates of age, sex, log(hsCRP), and comorbid 

conditions–heart failure, diabetes, and hypertension–the mean time free of anemia was 40% 

to 42% greater in the canakinumab than the placebo group (estimated total effects in Table 3, 

each P < 0.001). When we considered how this effect was mediated by whether a participant 

achieved a 3-month hsCRP threshold level below 2 mg/L, about 35% of this effect was 

mediated through this measure of inflammation. When we considered the more granular, 

continuous measure of change in hsCRP level at 3 months, the percentage mediated rose to 

53%. Further, with this continuous measure, the natural direct effect of canakinumab on time 

to anemia (that is, the effect of canakinumab on anemia, controlling for the effect of 

canakinumab on hsCRP) was attenuated and no longer significant (estimated direct effect of 

canakinumab fixing hsCRP change, 1.18 [CI, 0.99 to 1.41]). We observed no significant 

interaction between canakinumab assignment and either measure of achieved hsCRP at 3 

months on the time to anemia.

CANTOS Participants With Anemia at Baseline

The 1303 CANTOS participants with anemia at baseline also randomly received either 

placebo (n = 433) or canakinumab at 50 mg (n = 260), 150 mg (n = 294), or 300 mg (n = 

316) administered subcutaneously every 3 months. Participants with anemia at baseline in 

the placebo and canakinumab groups were well matched for the baseline characteristics 

mentioned earlier. Compared with participants who did not have anemia at baseline, those 

who did were older, were more likely to be female, had a higher burden of comorbid illness 

(higher rates of hypertension and type 2 diabetes mellitus), had lower GFRs and higher 

hsCRP levels, and had mild anemia (mean hemoglobin level, 119 g/L) (Appendix Tables 2 

and 3, available at Annals.org).

In the CANTOS subgroup with baseline anemia, participants allocated to the canakinumab 

group had significantly greater improvement in mean hemoglobin levels over time than 

those assigned to placebo. For example, among participants with baseline anemia, 

canakinumab increased mean hemoglobin levels by 11.3 g/L (P < 0.001) versus placebo 

after 2 years of treatment (Appendix Figure 1 and Appendix Table 4, available at 

Annals.org). In parallel, in the CANTOS subgroup with baseline anemia, the prevalence of 

anemia had decreased more among participants receiving canakinumab than those receiving 

placebo at 12 months (P = 0.005), 24 months (P = 0.018), and 36 months (P < 0.001) 

(Appendix Figure 2, available at Annals.org). The prevalence of anemia at 2 years among 

participants with baseline anemia was 49.2% for those in the placebo group and 41.3%, 

42.0%, and 40.8% for those in the 50-, 150-, and 300-mg canakinumab groups, respectively.
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DISCUSSION

This secondary analysis from a multinational, randomized, double-blind, placebo-controlled 

trial demonstrates that IL-1β inhibition with canakinumab reduces incident anemia and 

improves hemoglobin levels among patients with prevalent anemia. All canakinumab 

dosages seemed to produce this beneficial effect without a clear dose-response effect. The 

finding that the timing and magnitude of on-treatment hsCRP reduction with canakinumab 

correlate with the magnitude and timing of clinical benefit highlights the role of IL-1β 
signaling in anemia development.

Inflammatory cytokines, including those downstream in the inflammasome pathway, such as 

IL-1β and IL-6, contribute to anemia development by impairing iron homeostasis, 

proliferation and differentiation of erythroid progenitors, and erythropoietin response. 

Increased inflammatory signaling is an important facet of anemia of chronic disease, the 

second leading cause of anemia after iron deficiency (18). Chronic illnesses, such as chronic 

kidney disease and diabetes, are associated with chronic states of inflammation (18, 19). In 

addition, inflammation figures among the many concomitants and potential contributors of 

aging. In particular, enhanced activation of the NLRP3 (NOD-like receptor protein 3) 

inflammasome accompanies aging (20, 21). Older participants, those with impaired kidney 

function, and those with diabetes derived the greatest absolute benefit from canakinumab in 

this study, highlighting populations in which the NLRP3 inflammasome/IL-1β/IL-6 pathway 

may contribute to anemia.

Earlier analyses from CANTOS revealed that canakinumab treatment modifies several 

disease processes involving inflammasome signaling (22). The NLRP3 inflammasome, a 

multiprotein complex, senses cellular danger signals, including microbial stimuli as well as 

endogenous molecules, resulting in activation of caspase-1, an enzyme that processes pro-

IL-1β to its active form. CANTOS showed a reduction in major adverse cardiovascular 

events with canakinumab treatment corresponding to reductions in hsCRP but not in 

atherogenic lipoproteins (10). Secondary analyses of CANTOS revealed that canakinumab 

treatment decreases incident lung cancer and lung cancer mortality, as well as rates of gout 

attacks, without lowering serum uric acid concentrations (11, 12). The current analyses 

extend the consequences of NLRP3 inflammasome pathway inhibition to the erythroid 

series.

We observed similar and significant 15% to 17% reductions in the hazard of anemia at all 3 

active canakinumab dosages. This absence of an apparent dose-response effect according to 

randomization group was similar to what was seen for some other outcomes in CANTOS 

(such as gout [12]) but differed from the clear dose-response effect seen for incident lung 

cancer and cancer death (11). Yet, similar to previous analyses for atherosclerotic events (15, 

16), the magnitude of inflammation inhibition achieved for individual participants, 

regardless of dosage, did track with the magnitude of benefit for anemia. To investigate this 

individual response issue further, we grouped all canakinumab dosages together for 

mediation analyses. The estimate that 53% of the effect of canakinumab was mediated 

through the difference between log(hsCRP) at 3 months and its baseline level clarifies the 

drug’s pathway of action. This percentage mediated likely underestimates the true 
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magnitude of drug effect through the IL-1β pathway, both because of measurement error in 

hsCRP (23) and because hsCRP indirectly measures this pathway. Larger mediation 

percentages would likely be observed if direct measures of IL-1β itself were available.

CANTOS enrolled persons with previous myocardial infarction and an above-median hsCRP 

level despite treatment with statins and aspirin, as well as many participants with comorbid 

conditions, such as hypertension and diabetes mellitus. Thus, our study results may not be 

generalizable to populations without atherosclerotic disease or an elevated hsCRP level. Of 

interest, the prevalence of anemia in this study population, with a median age of 61 years, 

was elevated at 13% compared with other population-based estimates of anemia prevalence. 

The prevalence of anemia due to any cause is estimated to be 11.0% in men and 10.2% in 

women aged 65 years and older. The prevalence is lower in persons aged 50 to 64 years: 

4.40% in men and 6.80% in women (24). In JUPITER (Justification for the Use of Statin in 

Prevention: An Intervention Trial Evaluating Rosuvastatin) (25), a study of 17 802 

apparently healthy participants with an elevated hsCRP level, 4.50% had anemia at baseline 

(26). In contrast to JUPITER, the CANTOS participants were older, had a previous 

myocardial infarction, and had a higher burden of comorbid illnesses, likely contributing to 

the higher anemia rates.

A limitation of this study is that CANTOS was not designed to assess the cause of anemia in 

individual trial participants. Yet, prospective, close monitoring of complete blood counts 

from baseline to 48 months after randomization allowed for accurate assessment of incident 

anemia. Moreover, the randomized design of the trial ensures the equal distribution among 

treatment groups of potential known and unknown confounding factors associated with 

anemia, such as nutritional deficiencies, gastrointestinal bleeding, and alcohol use. 

Additional prospective evaluation might extend the present findings to other populations 

likely to benefit from IL-1β inhibition or other anti-inflammatory interventions. Although 

canakinumab was generally well tolerated in CANTOS, it was associated with a small 

increase in the risk for nonopportunistic fatal infections and an increase in thrombocytopenia 

and leukopenia. The latter effects were mild and below grade 3 in both the placebo and 

canakinumab groups.

In conclusion, in this randomized trial, targeted IL-1β inhibition reduced the incidence of 

anemia by 16%, with a pronounced effect in participants with the most robust anti-

inflammatory response. These hypothesis-generating data highlight the role of IL-β/IL-6 

pathway signaling in anemia onset in a large population with chronic inflammation and 

motivate the design of prospective confirmatory studies to identify populations that might 

benefit from anti-inflammatory therapies for anemia. Further interventional trials are 

necessary to establish efficacy and safety for IL-1β-targeting therapies in anemia of chronic 

inflammation.
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Appendix

Appendix Table 1.

Risk for Incident Anemia, Stratified by On-Treatment hsCRP Level at 3 Months

On-Treatment hsCRP 
Level

Placebo (n = 
2772)

Canakinumab

50 mg 150 mg 300 mg All Doses

< 2 mg/L

 Participants, n –   804 1056 1225 3085

 HR (95% CI) 1 (reference)    0.67 
(0.56-0.81)

   0.78 
(0.67-0.91)

   0.75 
(0.65-0.87)

   0.74 
(0.66-0.83)

 P value Reference  <0.001    0.002  <0.001  <0.001*

≥2 mg/L

 Participants, n – 1012   827   612 2451

 HR (95% CI) 1 (reference)    0.98 
(0.84-1.14)

   0.90 
(0.76-1.06)

   1.07 
(0.90-1.27)

   0.98 
(0.88-1.09)

 P value Reference    0.77    0.21    0.44    0.71*

HR = hazard ratio; hsCRP = high-sensitivity C-reactive protein.
*
Compared with placebo.

Appendix Table 2.

Baseline Clinical Characteristics of Participants With Anemia at Study Entry Who Were 

Randomly Assigned to Receive Placebo or Canakinumab

Characteristic Placebo (n = 
433)

Canakinumab

50 mg (n = 
260)

150 mg (n = 
294)

300 mg (n = 
316)

All Doses (n = 
870)

Median age (IQR), y 66.0 (58.0-73.0) 65.0 
(56.5-72.0)

65.0 (57.0-72.0) 65.0 
(57.0-73.0)

65.0 
(57.0-72.0)

Female, n (%)  138 (31.9)   76 (29.2)   81 (27.6)  119 (37.7)  276 (31.7)

Median hemoglobin 
level(IQR), g/L

 119 (112-126)  119 (114-126)  119 (113-126)  118 (111-125)  119 (113-126)

Median BMI (IQR), 
kg/m2

28.4 (25.3-33.3) 29.1 
(25.6-33.3)

29.6 
(26.2-34.4)*

29.1 
(24.8-34.2)

29.3 
(25.5-33.9)

Alcohol use (>1 drink 
per day), n (%)

  6 (1.39)    11 (4.23)*   5 (1.70)   10 (3.16)   26 (2.99)

Hypertension, n (%)  368 (85.0)  226 (86.9)  243 (82.7)  257 (81.3)  726 (83.4)

Type 2 diabetes 
mellitus, n (%)

 221 (51.0)  127 (48.8)  165 (56.1)  158 (50.0)  450 (51.7)

Median hsCRP level 
(IQR), mg/L

5.50 (3.10-10.4) 5.65 
(3.18-10.2)

5.78 (3.40-10.7) 5.78 
(3.25-11.5)

5.70 
(3.25-10.7)

Median eGFR (IQR), 
mL/min/1.73 m2

69.0 (53.0-88.0) 69.5 
(52.0-85.5)

71.0 (56.0-86.0) 69.5 
(51.5-89.0)

70.0 
(54.0-86.0)
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Characteristic Placebo (n = 
433)

Canakinumab

50 mg (n = 
260)

150 mg (n = 
294)

300 mg (n = 
316)

All Doses (n = 
870)

Heart failure, n (%)  129 (29.8)   79 (30.4)   84 (28.6)   91 (28.8)  254 (29.2)

BMI = body mass index; eGFR = estimated glomerular filtration rate; hsCRP = high-sensitivity C-reactive protein; IQR = 
interquartile range.
*
P < 0.050 for the comparison of canakinumab with placebo.

Appendix Table 3.

Baseline Clinical Characteristics of Trial Participants With and Without Anemia at Study 

Entry

Characteristic No Anemia at Baseline (n = 8683) Anemia at Baseline (n = 1303)*

Median age (IQR), y   61.0 (54.0-67.0)   65.0 (57.0-73.0)

Female, n (%) 2156 (24.8)   414 (31.8)

Median hemoglobin level(IQR), g/L   145 (137-153)   119 (113-126)

Median BMI (IQR), kg/m2  30.0 (26.7-33.8)  29.0 (25.4-33.7)

Alcohol use (>1 drink per day), n (%)   363 (4.18)  32 (2.46)

Hypertension, n (%) 6856 (79.0) 1094 (84.0)

Type 2 diabetes mellitus, n (%) 3326 (38.3)   671 (51.5)

Median hsCRP level (IQR), mg/L  4.05 (2.75-6.60) 5.65 (3.20-10.6)

Median eGFR (IQR), mL/min/1.73 m2  79.0 (66.0-94.0)  70.0 (54.0-87.0)

Heart failure, n (%) 1776 (20.5)   383 (29.4)

BMI = body mass index; eGFR = estimated glomerular filtration rate; hsCRP = high-sensitivity C-reactive protein; IQR = 
interquartile range.
*
P < 0.050 for the comparison of participants with vs. those without anemia at baseline.
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Appendix Figure 1. 
Mean hemoglobin levels over time in participants with anemia at baseline (<130 g/L in men 

or <120 g/L in women) who received canakinumab, 50, 150, or 300 mg every 3 months, 

compared with those who received placebo.

DF = degrees of freedom.

Appendix Table 4.

Mean Change in Hemoglobin Level in Participants With Baseline Anemia Who Received 

Placebo or Canakinumab

Time Point Placebo Canakinumab

50 mg 150 mg 300 mg All Doses

3 months

 Participants, n 408 242 280 291 813

 Mean change in hemoglobin level 
(SD), g/L

3.82 (11.02) 6.45 (10.19) 7.50 (11.36) 7.14 (10.95) 7.06 (10.8)

 P value Reference <0.001 <0.001 <0.001 <0.001

6 months

 Participants, n 385 238 269 280 787

 Mean change in hemoglobin level 
(SD), g/L

5.65 (12.89) 6.63 (11.85) 8.27 (12.43) 8.05 (11.93) 7.70 (12.08)

 P value Reference 0.116 0.001 0.005 0.001
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Time Point Placebo Canakinumab

50 mg 150 mg 300 mg All Doses

9 months

 Participants, n 380 235 258 266 759

 Mean change in hemoglobin level 
(SD), g/L

6.15 (13.75) 7.97 (12.74) 8.29 (13.53) 8.96 (13.28) 8.43 (13.19)

 P value Reference 0.011 0.016 0.003 0.001

12 months

 Participants, n 372 232 249 261 742

 Mean change in hemoglobin level 
(SD), g/L

7.03 (13.55) 9.49 (14.23) 8.91 (13.20) 9.76 (14.16) 9.39 (13.85)

 P value Reference 0.008 0.023 0.007 0.001

24 months

 Participants, n 331 208 238 233 679

 Mean change in hemoglobin level 
(SD), g/L

7.80 (14.73) 10.80 
(14.49)

10.90 
(14.60)

12.20 
(13.74)

11.30 
(14.27)

 P value Reference 0.006 0.002 <0.001 <0.001

36 months

 Participants, n 306 191 221 220 632

 Mean change in hemoglobin level 
(SD), g/L

7.31 (14.80) 10.37 
(15.85)

10.80 
(13.83)

11.73 
(15.68)

10.99 
(15.10)

 P value Reference 0.019 0.001 0.002 <0.001

48 months

 Participants, n 189 112 141 140 393

 Mean change in hemoglobin level 
(SD), g/L

8.90 (15.53) 11.90 
(18.17)

10.30 
(14.10)

10.00 
(15.67)

10.60 
(15.88)

 P value Reference 0.149 0.186 0.42 0.131
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Appendix Figure 2. 
Resolution of anemia over the course of the study among participants with anemia at 

baseline who received canakinumab, 50, 150, or 300 mg every 3 months, compared with the 

placebo group.

HR = hazard ratio.
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Figure 1. 
Cumulative incidence of anemia (hemoglobin level <130 g/L in men or <120 g/L in women) 

in the placebo group compared with all canakinumab dose groups combined (top) and with 

the groups receiving 50, 150, or 300 mg of canakinumab once every 3 months (bottom).

HR = hazard ratio.
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Figure 2. 
Efficacy of canakinumab versus placebo for incident anemia, according to subgroups based 

on baseline clinical characteristics.

Data are shown as HRs for all canakinumab groups (50, 150, and 300 mg) combined 

compared with the placebo group. The dotted line represents the overall effect of 

canakinumab versus placebo for the total cohort. eGFR = estimated glomerular filtration 

rate; HR = hazard ratio; hsCRP = high-sensitivity C-reactive protein.
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Figure 3. 
Cumulative incidence of anemia (hemoglobin level <130 g/L in men or <120 g/L in women) 

in participants treated with canakinumab (all doses) compared with placebo, stratified by age 

(≥65 vs. <65 years)
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Figure 4. 
Cumulative incidence of anemia (hemoglobin level <130 g/L in men or <120 g/L in women) 

among all canakinumab group participants with an on-treatment hsCRP level of 2 mg/L or 

greater and those with a level less than 2 mg/L versus the placebo group.

HR = hazard ratio; hsCRP = high-sensitivity C-reactive protein.
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