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IL-6 inhibition with ziltivekimab in patients at high 
atherosclerotic risk (RESCUE): a double-blind, randomised, 
placebo-controlled, phase 2 trial
Paul M Ridker, Matt Devalaraja, Florian M M Baeres, Mads D M Engelmann, G Kees Hovingh, Milana Ivkovic, Larry Lo, Douglas Kling, 
Pablo Pergola, Dominic Raj, Peter Libby, Michael Davidson, on behalf of the RESCUE Investigators*

Summary
Background IL-6 has emerged as a pivotal factor in atherothrombosis. Yet, the safety and efficacy of IL-6 inhibition 
among individuals at high atherosclerotic risk but without a systemic inflammatory disorder is unknown. We 
therefore addressed whether ziltivekimab, a fully human monoclonal antibody directed against the IL-6 ligand, safely 
and effectively reduces biomarkers of inflammation and thrombosis among patients with high cardiovascular risk. 
We focused on individuals with elevated high-sensitivity CRP and chronic kidney disease, a group with substantial 
unmet clinical need in whom previous studies in inflammation inhibition have shown efficacy for cardiovascular 
event reduction.

Methods RESCUE is a randomised, double-blind, phase 2 trial done at 40 clinical sites in the USA. Inclusion criteria 
were age 18 years or older, moderate to severe chronic kidney disease, and high-sensitivity CRP of at least 2 mg/L. 
Participants were randomly allocated (1:1:1:1) to subcutaneous administration of placebo or ziltivekimab 7·5 mg, 
15 mg, or 30 mg every 4 weeks up to 24 weeks. The primary outcome was percentage change from baseline in high-
sensitivity CRP after 12 weeks of treatment with ziltivekimab compared with placebo, with additional biomarker and 
safety data collected over 24 weeks of treatment. Primary analyses were done in the intention-to-treat population. 
Safety was assessed in all patients who received at least one dose of assigned treatment. The trial is registered with 
ClinicalTrials.gov, NCT03926117.

Findings Between June 17, 2019, and Jan 14, 2020, 264 participants were enrolled into the trial, of whom 66 were 
randomly assigned to each of the four treatment groups. At 12 weeks after randomisation, median high-sensitivity 
CRP levels were reduced by 77% for the 7·5 mg group, 88% for the 15 mg group, and 92% for the 30 mg group 
compared with 4% for the placebo group. As such, the median pairwise differences in percentage change in high-
sensitivity CRP between the ziltivekimab and placebo groups, after aligning for strata, were –66·2% for the 7·5 mg 
group, –77·7% for the 15 mg group, and –87·8% for the 30 mg group (all p<0·0001). Effects were stable over the 
24-week treatment period. Dose-dependent reductions were also observed for fibrinogen, serum amyloid A, 
haptoglobin, secretory phospholipase A2, and lipoprotein(a). Ziltivekimab was well tolerated, did not affect the total 
cholesterol to HDL cholesterol ratio, and there were no serious injection-site reactions, sustained grade 3 or 4 
neutropenia or thrombocytopenia.

Interpretation Ziltivekimab markedly reduced biomarkers of inflammation and thrombosis relevant to atherosclerosis. 
On the basis of these data, a large-scale cardiovascular outcomes trial will investigate the effect of ziltivekimab in 
patients with chronic kidney disease, increased high-sensitivity CRP, and established cardiovascular disease.

Funding Novo Nordisk.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Inflammation inhibition targeting the central NLRP3 
inflammasome to IL-1 to IL-6 pathway of innate immunity 
is an emerging method for atherosclerosis treatment and 
prevention.1 This principle was first demonstrated in the 
Canakinumab Anti-Inflammatory Thrombosis Outcomes 
Study (CANTOS) using IL-1β inhibition2 and has now 
been confirmed in two trials of colchicine, an agent that 
through microtubule disruption might indirectly inhibit 
NLRP3 function.3,4 These trials share a common mech-
anistic mediator, which is downstream inhibition of the 

central signalling cytokine IL-6, in turn reducing the 
clinical biomarker high-sensitivity CRP.

In CANTOS, the magnitude of atherosclerosis preven-
tion associated with canakinumab was proportional to 
the magnitude of achieved reduction in IL-6 and high-
sensitivity CRP levels following treatment.5,6 Further, the 
magnitude of residual inflammatory risk in CANTOS 
associated with IL-6 was substantially greater than that of 
IL-18, another cytokine activated by the NLRP3 inflam-
masome.7 By contrast, a contemporary inflammation 
reduction trial using low-dose methotrexate neither 
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reduced IL-6 nor vascular event rates,8 suggesting that 
anti-inflammatory agents that do not reduce IL-6 are 
unlikely to be effective for atheroprotection.

Beyond the internal consistency of these recent clinical 
trials, it has been known for two decades that IL-6 levels 
predict vascular events in primary and secondary preven-
tion with at least as much fidelity as the downstream 
clinical biomarker high-sensitivity CRP.9–14 Unlike CRP, 
mendelian randomisation studies indicate that genetic 
variants in the IL-6 receptor signalling pathway associate 
with lifelong risks of coronary heart disease, suggesting 
that IL-6 is likely to be a causal factor for atherosclerotic 
progression.15,16 Genetic data have also affirmed a role of 
IL-6 signalling in multiple forms of atherosclerosis, 
including myocardial infarction, peripheral arterial 
disease, and aortic aneurysm formation.17 In parallel, 
experimental data have long implicated IL-6 directly in 
the atherosclerotic process.18–20 Moreover, genetically 
modified mice with high IL-6 levels have increased 
susceptibility to atherogenesis when fed a high-fat diet, 
yet have fewer atherosclerotic lesions after treatment 
with an anti-mouse IL-6 receptor antibody.21

On the basis of these data, we hypothesised that direct 
targeting of IL-6 might have the potential to maximise 
anti-inflammatory atherosclerotic benefit while mini-
mising off-target effects among high atherosclerotic risk 
individuals who are free of a clinically apparent systemic 
inflammatory illness.1,22,23 One agent under investigation 
is ziltivekimab, a narrow-spectrum fully human mono-
clonal antibody targeting the IL-6 ligand that, unlike 
other clinically available IL-6 signalling inhibitors, is 
being developed specifically for atherosclerosis treat-
ment. As a monoclonal antibody targeting the IL-6 ligand 
rather than the IL-6 receptor, ziltivekimab used at lower 
doses could have fewer adverse effects on lipid levels, 
haematological indices, and hepatic function than other 
approved IL-6 agents such as tocilizumab and sarilumab.

To address these issues, we conducted a phase 2 trial to 
assess the effects of ziltivekimab on multiple biomarkers 
of inflammation and thrombosis, and to address whether 
there might be dose response effects for safety or efficacy. 

The population selected for this trial was patients at high 
cardiovascular risk with chronic kidney disease and 
elevated high-sensitivity CRP, a group where previous 
studies indicate that IL-6 levels correlate with severity of 
renal impairment as well as level of atherosclerotic 
risk.24–30 Further, as shown within CANTOS, participants 
with chronic kidney disease and elevated IL-6 prefer-
entially benefit from targeted anti-inflammatory therapy.31 
In RESCUE, we assessed effects of antibody-mediated 
IL-6 inhibi tion on inflammation in patients with advanced 
chronic renal disease.

Methods
Study design and participants
RESCUE is a parallel-group, double-blind, randomised, 
placebo-controlled, phase 2 trial done at 40 clinical sites 
in the USA (appendix pp 3–4). The study protocol was 
approved by the independent ethics com mittee of the 
institutional review board for each centre.

Participants aged 18 years or older were eligible for 
screening if they had stage 3–5 chronic kidney disease 
(estimated glomerular filtration rate [eGFR] >10 mL/min 
per 1·73 m² and <60 mL/min per 1·73 m² using the 
Chronic Kidney Disease Epidemiology Collaboration 
creatinine equation) and residual inflammatory risk 
defined as a high-sensitivity CRP level of 2 mg/L or 
greater at entry. Major exclusion criteria were an absolute 
neutrophil count less than 2·0 × 10⁹ per L, platelet count 
less than 120 × 10⁹ per L, spot urine to creatine ratio 
greater than 4, positive testing for active tuberculosis, 
HIV, or hepatitis B or C, or the chronic use of immuno-
suppressive therapies. Full trial inclusion and exclusion 
criteria are in the trial protocol (appendix pp 56–57). 
Written informed consent was obtained from participants 
before participation.

Randomisation and masking
Eligible patients were randomly allocated in a 1:1:1:1 ratio to 
placebo or ziltivekimab at 7·5 mg, 15 mg, or 30 mg. We 
used the Clintrak web-based interactive response tech-
nology system for central randomisation; this system is 

Research in context

Evidence before this study
Recent randomised trials have demonstrated that anti-cytokine 
and anti-inflammatory therapies can reduce cardiovascular event 
rates, and evolving genetic, murine, translational, and human 
epidemiological data suggest that IL-6 might be a causal 
mediator of this process. However, the safety and efficacy of 
IL-6 inhibition among individuals at high atherosclerotic risk but 
without a systemic inflammatory disorder is largely unknown.

Added value of this study
The RESCUE trial data provides the first evidence that inhibition 
of IL-6 with the novel monoclonal ligand antibody ziltivekimab 
reduces in a dose-dependent manner multiple inflammatory 

and thrombotic biomarkers relevant for atherosclerosis, in a 
critical population of patients with chronic kidney disease and 
high cardiovascular risk who have considerable unmet need, 
yet are free of a clinically apparent inflammatory condition.

Implications of all the available evidence
Beyond aggressive lipid lowering, future treatment of 
atherosclerosis will probably include targeted anti-inflammatory 
therapy that inhibits the IL-1 to IL-6 pathway of innate immunity. 
On the basis of these phase 2 efficacy and safety data, a large-
scale cardiovascular outcomes trial of ziltivekimab will be 
conducted among patients with chronic kidney disease, increased 
CRP, and established cardiovascular disease.
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externally validated and Code of Federal Regulations 21 
part 11 compliant. The randomisa tion was stratified by 
two variables, chronic kidney disease stage (3 or 4 and 5) at 
screening and haemoglobin (≥11 g/dL or <11 g/dL) at 

baseline. Once the patient qualified for the study, the 
central system assigned the randomisation number, which 
was electronically communicated to the site. All participants 
and investigators were masked to treatment assignment.

Figure 1: Trial profile
No follow-up=participant withdrew consent and refused all further follow-up. Passive follow-up=participant withdrew consent and did not participate further with 
the trial procedures, but consented to some follow-up. *As noted on the trial profile, one participant did not attend a visit after 12 weeks but did complete the 
24 weeks of treatment.
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Procedures
Participants received placebo or ziltivekimab at doses of 
7·5 mg, 15 mg, or 30 mg subcutaneously once every 
4 weeks for up to 24 weeks. On-treatment analyses were 
planned for inflammatory biomarkers, lipids, and safety 
after 12 weeks of treatment. Participants were then to be 
followed up on treatment up to 24 weeks, after which the 
study drug was to be discontinued and an additional 
safety washout period of 2 weeks done at the end of the 
trial.

Laboratory assessments done throughout the trial 
included fibrinogen, serum amyloid A (SAA), LDL chol-
es terol, HDL cholesterol, total cholesterol, triglycerides, 
lipoprotein(a), apolipoprotein A1 (APOA1), apolipo pro-
tein B (APOB), haptoglobin, and secretory phos pholi-
pase A2 (sPLA2). Safety parameters included measures 
of alanine aminotransferase, aspartate aminotransferase, 
and indices of complete blood count. All laboratory 
measures were assessed in a central core laboratory facility 
(Medpace Reference Laboratories, Cincinnati, OH, USA).

Patient-reported outcomes were assessed with the 
Patient-Reported Outcomes Measurement Information 
System, Corvidia electronic patient-reported outcomes, 
Patient Global Impression of Severity index, Patient 
Global Impression of Change index, Optum SF-36 
version 2, and EQ-5D-5L index.

Endpoints
The trial primary inflammation reduction endpoint was 
predefined as the change in high-sensitivity CRP from 
baseline (average of the high-sensitivity CRP value at 
screening and at the day of randomisation) to the value 
measured after 12 weeks of treatment (at week 13, 
because randomisation is at week 1).

We also analysed the proportions of individuals in 
each group who achieved high-sensitivity CRP reduc-
tions of at least 50% or on-treatment high-sensitivity 
CRP levels less than 2 mg/L at 12 weeks versus baseline.

The trial secondary endpoints were changes in 
fibrinogen and SAA from baseline to week 13.

Exploratory analyses included longer-term changes in 
inflammatory, thrombotic, and lipid biomarkers from 
baseline to week 13 and baseline to week 24 and propor-
tion of patients with a high-sensitivity CRP response 
(defined as <2·0 mg/L) between week 13 and 24. Change 
in patient-reported outcomes from baseline to week 13 
and baseline to week 24 was an exploratory outcome but 
results are not presented here.

Statistical analysis
To calculate sample size, we relied on the results of 
a previous completed single-dose, placebo-controlled, 
pharmacokinetic and pharmacodynamic study of 

Placebo (n=66) Ziltivekimab 7·5 mg (n=66) Ziltivekimab 15 mg (n=66) Ziltivekimab 30 mg (n=66)

Age, years 66·0 (60·0–74·0) 70·0 (60·0–74·0) 65·5 (59·0–74·0) 68·0 (61·0–76·0)

Gender

Female 29 (44%) 32 (48%) 36 (55%) 32 (48%)

Male 37 (56%) 34 (52%) 30 (45%) 34 (52%)

Race

White 50 (76%) 48 (73%) 49 (74%) 52 (79%)

Black or African American 16 (24%) 18 (27%) 12 (18%) 14 (21%)

Other 0 0 5 (8%) 0

Body-mass index, kg/m² 35·90 (29·20–39·50) 32·70 (27·50–40·20) 34·40 (29·60–38·90) 34·85 (31·30–39·80)

Diabetes* 50 (76%) 41 (62%) 48 (73%) 48 (73%)

Hypertension† 62 (94%) 60 (91%) 60 (91%) 60 (91%)

Atherosclerotic cardiovascular disease 37 (56%) 29 (44%) 27 (41%) 33 (50%)

Statin use 45 (68%) 44 (67%) 45 (68%) 45 (68%)

Chronic kidney disease stage‡

3a 19 (29%) 16 (24%) 23 (35%) 19 (29%)

3b 23 (35%) 30 (45%) 29 (44%) 26 (39%)

4 17 (26%) 16 (24%) 10 (15%) 17 (26%)

5 5 (8%) 3 (5%) 4 (6%) 3 (5%)

eGFR, mL/min per 1·73m² 38·00 (26·33–48·33) 35·33 (26·00–45·33) 37·33 (31·33–50·33) 37·17 (27·67–45·67)

High-sensitivity CRP, mg/L 5·80 (3·25–9·85) 5·53 (3·50–9·25) 5·70 (3·45–8·10) 5·80 (3·65–8·90)

IL-6, pg/mL§ 5·24 (3·60–7·62) 4·85 (3·06–8·28) 5·11 (3·79–9·44) 6·63 (4·07–9·01)

Data are median (IQR) or n (%). eGFR=estimated glomerular filtration rate. *Includes patients with glycated haemoglobin >6·5%, those with a history of diabetes at 
baseline, or those on diabetes medication at baseline; diabetes history of patients was identified using the Medical Dictionary for Regulatory Activities (MedDRA) 
version 22.0. †Includes patients with a history of hypertension at baseline or those on medication for hypertension at baseline, identified using MedDRA. ‡Baseline 
chronic kidney disease value based on laboratory results and calculated as the average of all eGFR assessments before the first dose. Chronic kidney disease stages 3a and 3b 
indicate stage 3 patients with baseline GFR of 45–59 mL/min per 1·73m² (stage 3a) and 30–44 mL/min per 1·73m² (stage 3b). §Baseline IL-6 measurements missing for 
some patients: placebo n=48, ziltivekimab 7·5 mg n=48, ziltivekimab 15 mg n=52, ziltivekimab 30 mg n=54.

Table 1: Baseline characteristics of the RESCUE trial population
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ziltivekimab (NCT03126318). On the basis of observed 
treatment difference in percentage change from base-
line in high-sensitivity CRP of –60·74% between the 
ziltivekimab and placebo groups, and the associated 
pooled SD of 16·893% in high-sensitivity CRP at week 4 
from the final analysis of the previous study, a sample 
size of 54 per group was estimated to yield more 
than 99% power at the 0·05 level of significance. With 
an assumed dropout rate of 10%, a sample size of 
60 per group was considered suitable for this study.

As prespecified in the statistical analysis plan (appendix 
p 340), should the primary and secondary endpoints 
not meet the normality assump tion, comparison of 
percentage change from baseline to 12 weeks since 
randomisation between ziltivekimab and placebo was 
analysed using the Wilcoxon two-sample test and the 
location shift between each ziltivekimab group and 
placebo, with the associated 95% CI, using the 
Hodges-Lehmann estimator. The analyses accounted 
for baseline haemoglobin (≥11 g/dL or <11 g/dL) and 
chronic kidney disease stage (3, 4, or 5). Likewise, the 
non-parametric analysis was done for other continuous 
endpoints and, post hoc, for LDL cholesterol, HDL 
cholesterol, sPLA2, haptoglobin, the total cholesterol to 
HDL cholesterol ratio, and the APOB to APOA1 ratio.

Comparison of binary variables was done using a 
2 × 2 table χ² test. In addition to prespecified endpoints, 
analysis of the proportion of participants who had high-
sensitivity CRP reductions of at least 50% and high-
sensitivity CRP levels less than 2 mg/L after 12 weeks of 
treatment was done.

p values are two-sided, with a level of 0·05 considered to 
indicate statistical significance, unless indicated otherwise. 
No adjustment for multiplicity has been done. The primary 
endpoint was analysed on an intention-to-treat basis that 
included all randomly assigned patients. Safety was 
assessed in all patients who received at least one dose of 
assigned treatment. Missing values were not imputed, and 
only participants without missing values at the landmark 
visit contributed to the non-parametric analyses. Sensitivity 
analyses were also conducted to assess the robustness 
of the primary analysis to the possible violation of the 
missing-at-random assumption (appendix p 5).

SAS software (version 9.3 or later) was used for statistical 
analysis. The trial is registered at ClinicalTrials.gov, 
NCT03926117.

Role of the funding source
The funder of the study was involved in study design, 
data collection, data analysis, and data interpretation but 
not writing of the report.

Results
Between June 17, 2019, and Jan 14, 2020, 264 par ticipants 
were enrolled into the trial, of whom 66 were randomly 
assigned to each of the four treatment groups (figure 1). 
One patient in each of the placebo, ziltivekimab 7·5 mg, 
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Figure 2: Effects on high-sensitivity CRP in the ziltivekimab and placebo groups
(A) Median percentage change in high-sensitivity CRP from baseline to 12 weeks of treatment. (B) Median high-
sensitivity CRP over the 24-week treatment period. (C) Median percentage change from baseline in high-sensitivity 
CRP over the 24-week treatment period. SF=safety follow-up. *p<0·0001.
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and ziltivekimab 30 mg groups did not start treatment 
and were not included in safety analyses.

With the onset of the COVID-19 pandemic and concern 
that an exogenous cause of CRP increase in the general 
population could skew outcomes for the trial primary 
inflammation endpoints, a decision was made by the 
sponsor and Executive Committee to terminate the trial 
at a time when 215 participants had completed the 
12-week primary treatment and efficacy period. This 
decision was made without knowledge by the investiga-
tors, sponsor, or any study personnel of any outcome 
data in the trial, which was fully masked at that time.

We present data in this report for the 215 trial 
participants who completed the 12-week primary efficacy 
period as well as all available data from participants who 
completed the full 24-week secondary efficacy period at 
the time of trial closure because of the COVID-19 
pandemic.

Baseline clinical characteristics were similar across 
treatment groups (table 1). The median age of the patient 
population was 68 years (IQR 60·0–74·5) and 129 (49%) 
of the 264 participants were women, 65 (25%) were 
non-White, 187 (71%) had diabetes, 126 (48%) had known 
atherosclerotic disease, and 179 (68%) were taking statin 
therapy. 77 (29%) patients had stage 3a, 108 (41%) had 
stage 3b, 60 (23%) had stage 4, and 15 (6%) had stage 5 
chronic kidney disease. Median baseline high-sensitivity 

Figure 3: Waterfall plots showing individual high-sensitivity CRP percentage changes from baseline to 
12 weeks in the four treatment groups
*One patient in the placebo group had a high-sensitivity CRP increase from baseline greater than 600%.
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CRP was 5·75 mg/L (3·45–9·00), median IL-6 was 
5·55 pg/mL (3·70–8·85), and median eGFR was 
36·83 mL/min per 1·73 m² (27·67–47·50; table 1).

For the primary endpoint of percentage median change 
in high-sensitivity CRP at 12 weeks of treatment, all 
ziltivekimab treatment groups had significantly greater 
reductions than the placebo group (figure 2A; appendix 
p 8). Among those allocated to placebo, there was a 
4% reduction in median high-sensitivity CRP at 12 weeks. 
By contrast, the reductions in the ziltivekimab groups 
were 77% for the 7·5 mg group, 88% for the 15 mg group, 
and 92% for the 30 mg group (all p<0·0001). As such, the 
median pairwise differences in percentage change in 
high-sensitivity CRP between the placebo and ziltivekimab 
groups were, after aligning for strata, –66·2 for the 7·5 mg 
group, –77·7 for the 15 mg group, and –87·8% for the 
30 mg group (all p<0·0001).

All comparisons between the three ziltivekimab groups 
and the placebo group for reduction in high-sensitivity 
CRP of at least 50% at 12 weeks, on-treatment high-
sensitivity CRP less than 2 mg/L at 12 weeks, and 
both of these on-treatment parameters were significant 
(p<0·0001; appendix p 6).

Similar findings were observed among trial partici-
pants who completed the 24-week secondary efficacy 
treatment period, with resolution back towards baseline 
levels during the subsequent 2-week washout period 
(figure 2B, C). Dose-dependent effects of zilitivekimab 
on high-sensitivity CRP were observed over time in 
terms of both absolute levels (figure 2B) and median 
percentage change (figure 2C), though formal statistical 
testing across doses was not prespecified in the protocol.

Waterfall plots of high-sensitivity CRP percentage 
change for individual trial participants in the four groups 
at 12 weeks showed a wide distribution of changes in 
the placebo group, but most participants receiving 
ziltivekimab had large and persistent reductions in high-
sensitivity CRP (figure 3).

Compared with placebo, ziltivekimab was associated 
with similar significant dose-dependent reductions for 
the secondary biomarker endpoints of fibrinogen and 
SAA, and the exploratory end points of sPLA2 and 
haptoglobin (figure 4; appendix pp 8–9).

Ziltivekimab significantly reduced levels of 
lipoprotein(a) by 16·4–25·0% and resulted in small 
increases in APOB, HDL cholesterol, and APOA1 such 
that there was no substantive shift in either the total 
cholesterol to HDL cholesterol ratio or in the APOB to 
APOA1 ratio (figure 4; appendix pp 6, 9–11). Triglycerides 
were increased in the ziltivekimab groups compared with 
the placebo group. No differences between ziltivekimab 
and placebo were observed after 12 weeks of treatment 
with respect to eGFR or the urine albumin to creatinine 
ratio (appendix p 14).

One case of grade 2 neutropenia in the ziltivekimab 
7·5 mg group was reported and no cases of sustained 
(ie, on two consecutive visits) grade 3 or 4 neutropenia. 
Ziltivekimab had minimal effect on platelet counts, with 
no cases of sustained grade 2–4 thrombocytopenia.

No increases of aspartate aminotransferase or alanine 
aminotransferase to more than three times the upper 
limit of normal were observed in any of the ziltivekimab 
groups. Throughout the course of the trial, no serious 
injection-related reactions were observed. One participant 

Placebo 
 (n=65)

Ziltivekimab 7·5 mg 
(n=65)

Ziltivekimab 15 mg 
(n=66)

Ziltivekimab 30 mg 
(n=65)

Any treatment-emergent adverse events 45 (69%) 43 (66%) 44 (67%) 47 (72%)

Mild 19 (29%) 15 (23%) 18 (27%) 16 (25%)

Moderate 18 (28%) 16 (25%) 19 (29%) 23 (35%)

Severe 8 (12%) 12 (18%) 7 (11%) 8 (12%)

Serious injection-related reactions 0 0 0* 0

Any infection or infestation 19 (29%) 18 (28%) 21 (32%) 14 (22%)

Any serious infection 3 (5%) 7 (11%) 3 (5%) 2 (3%)

Anaphylaxis 0 0 0 0

Sustained neutropenia†

Grade 1 (1500 to <2000 cells per mm³) 1 (2%) 1 (2%) 2 (3%) 1 (2%)

Grade 2 (1000 to <1500 cells per mm³) 0 1 (2%) 0 0

Grade 3 or 4 (<1000 cells per mm³) 0 0 0 0

Sustained thrombocytopenia†

Grade 1 (75 000 to <100 000 cells per mm³) 0 0 2 (3%) 1 (2%)

Grade 2, 3, or 4 (<75 000 cells per mm³) 0 0 0 0

Treatment-emergent adverse events are adverse events that initiated or worsened on or after the date of first dose of study drug up to the end of safety follow-up. 
Mild, moderate, and severe were as defined by the investigator. CTCAE=Common Terminology Criteria for Adverse Events. *One participant in the ziltivekimab 15 mg group 
reported short-term discomfort at the injection site. †By CTCAE grade; denominators are numbers of patients with at least two non-missing values after the first dose of 
study drug (placebo n=65, ziltivekimab 7·5 mg n=65, ziltivekimab 15 mg n=66, ziltivekimab 30 mg n=64); CTCAE grade is assigned as the grade from the second value; 
sustained indicates abnormal values on at least two consecutive study visits. 

Table 2: Adverse events 
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in the ziltivekimab 15 mg group reported short-term 
discomfort at the injection site. Treatment-emergent 
adverse events considered to be mild, moderate, or 
severe, were similar between the placebo and ziltivekimab 
groups (table 2).

During the course of the trial, there was one cardio-
vascular death in the placebo group, one non-fatal myo-
cardial infarction in the ziltivekimab 7·5 mg group, and 
one non-fatal myocardial infarction in the ziltivekimab 
15 mg group.

As the non-parametric tests do not account for baseline 
measures and interaction terms, sensitivity analyses that 
account for this as well as the impact of missing data 
were done for the primary endpoint, including an 
analysis on a logarithmic scale (appendix p 13). None of 
these analyses altered interpretation of the trial data.

Discussion
In the RESCUE trial, which was done in individuals with 
chronic kidney disease who are at high atherosclerotic 
risk yet free of any clinically apparent inflammatory 
conditions, the IL-6 ligand monoclonal antibody 
ziltivekimab (developed specifically for atherosclerosis) 
markedly reduced multiple biomarkers of systemic 
inflammation associated with the atherothrombotic 
process. Furthermore, the anti-inflammatory benefits of 
ziltivekimab were achieved without substantive toxicity 
or adverse change in either the total cholesterol to 
HDL cholesterol ratio or in the APOB to APOA1 ratio, 
and no serious injection-site reactions.

The magnitude of change with ziltivekimab on high-
sensitivity CRP was nearly twice as large in RESCUE as 
that observed in the recent CANTOS trial of canakinumab 
in which cardiovascular event rates were reduced 
by 15–20%.2 Indeed, the percentage median change in 
CRP with ziltivekimab ranged 77–92% across the 
7·5–30 mg once monthly dose groups. These effects are 
substantially larger than the 35–40% reductions in 
high-sensitivity CRP observed in CANTOS.2 Yet, within 
CANTOS, individuals who achieved greater than 
50% reductions in high-sensitivity CRP or on-treatment 
high-sensitivity CRP levels less than 2 mg/L were less 
likely to have a recurrent cardiovascular event.6 These 
data have been interpreted to suggest that, at least for 
canakinumab (an IL-1β inhibitor), there is a wide range 
of individual responses at the level of IL-6 and that the 
magnitude of this response is directly related to the 
magnitude of clinical benefit that can be anticipated for 
individual patients.5–7 In RESCUE, we used a direct 
IL-6 monoclonal antibody rather than indirect inhibition 
with an IL-1β inhibitor, and individual variation in 
downstream high-sensitivity CRP was minimal and the 
intermediate 15 mg dose of ziltivekimab was nearly as 
effective as the higher 30 mg dose.

The safety and efficacy data shown here also suggests 
that ziltivekimab (a monoclonal antibody targeting 
the IL-6 ligand) could have a superior clinical profile 

compared with other approved and clinically available 
monoclonal antibodies that target the IL-6 receptor such 
as tocilizumab and sarilumab. Both tocilizumab and 
sarilumab are associated with sustained neutropenia, 
increases in hepatic enzymes, and increased triglycerides. 
The safety profile of ziltivekimab within RESCUE also 
appears superior to that of two other IL-6 ligand 
monoclonal antibodies, sirukumab and siltuximab, with 
which neutropenia and thrombocytopenia are common, 
increases of hepatic enzyme levels often limit doses, and 
adverse effects on cholesterol and triglycerides have been 
large enough to require clinical intervention. Further, 
tocilizumab, sarilumab, sirukumab, and siltuximab have 
all been associated with injection-site reactions, whereas 
no serious injection-site events were seen in our study 
with ziltivekimab.

The reduction of lipoprotein(a) by ziltivekimab is of 
additional cardiovascular interest and consistent with 
previous work indicating that IL-6 induces LPA mRNA 
expression in human hepatocytes.32 Although lowering 
lipoprotein(a) has been hypothesised to be a potential 
mechanism for cardiovascular event reduction, we note 
that the median pairwise differences in percentage change 
in lipoprotein(a) between the ziltivekimab groups and 
the placebo group in our study, after aligning for strata, 
were modest in magnitude (–16·4% for 7·5 mg, 
–20·4% for 15 mg, and –25·0% for 30 mg; all p<0·0001). 
Current trials directly inhibiting lipoprotein(a) might 
clarify this issue.

We believe our data support the advancement of 
ziltivekimab into formal investigation of clinical cardio-
vascular outcomes in a population with chronic kidney 
disease, high residual inflammatory vascular risk, and 
established cardiovascular disease. First, individuals with 
moderate chronic kidney disease and increases of IL-6 or 
high-sensitivity CRP have markedly increased rates of 
major adverse cardiovascular events and comprise a group 
with substantial unmet needs for treatment; in moderate 
to severe chronic kidney disease, both IL-6 and high-
sensitivity CRP are powerful predictors of adverse cardio-
vascular outcomes, suggesting that residual inflammatory 
risk might disproportionately contribute in this set-
ting.24–30 Second, data from a CANTOS substudy focused 
on patients with chronic kidney disease demonstrated a 
greater absolute benefit from targeted anti-inflammatory 
therapy than in those with normal renal function.31 Third, 
chronic kidney disease is a disease state in which the anti-
inflammatory agent colchicine, a renally excreted agent, is 
generally contraindicated and therefore unlikely to be used 
for atherosclerosis treatment.

Although atherosclerotic event reduction in patients 
with high-risk chronic kidney disease is an attractive 
initial target for ziltivekimab, IL-6 inhibition might 
also prove useful in acute coronary ischaemia.33 Other 
vascular settings associated with a proinflammatory 
response linked to IL-6 include heart failure, peripheral 
arterial disease, aortic aneurysm, and arrythmia.17
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Limitations of our study merit consideration. The total 
sample size and duration of therapy was modest; thus, 
the safety results need external validation in larger 
groups. Equally important, although we achieved our 
full anticipated enrolment for the 12-week primary 
prespecified treatment period, participant safety concerns 
raised at the onset of the COVID-19 pandemic made it 
impossible to maintain face-to-face trial visits for all 
participants up to the secondary 24-week endpoint. 
Furthermore, we had concern during the COVID-19 
pandemic that an exogenous cause of CRP increase in the 
general population could skew outcomes for the trial 
primary inflammation endpoints. For these reasons, a 
decision was made to terminate the study before formal 
completion. Although this decision was made at a time 
when all data were fully masked, the magnitude of effects 
noted here after trial unmasking suggest that this decision 
was unlikely to introduce bias or alter interpretation. In 
our trial, we prespecified using the change in CRP as our 
primary endpoint rather than the change in IL-6 itself. 
This a priori decision was made because of the inability 
of total IL-6 assays to distinguish differences between 
free IL-6 (which is reduced) and ziltivekimab-bound IL-6 
(which is increased) in the setting of antibody treatment. 
Furthermore, when mea suring total IL-6, levels might 
appear to counterintuitively increase after IL-6 inhibition 
because of the prolongation of the elimination half-life of 
the therapeutic antibody–IL-6 receptor complex. As our 
trial was done exclusively in the USA, data may not be 
fully generalisable to populations in other countries.

In summary, in the RESCUE trial, the novel IL-6 ligand 
monoclonal antibody ziltivekimab was highly effective 
at reducing multiple inflammatory and thrombotic 
biomarkers relevant to atherosclerosis without the 
adverse effects associated with other agents in its class. 
On the basis of these data, a large-scale cardiovascular 
outcomes trial of ziltivekimab compared with placebo in 
patients with chronic kidney disease who have increased 
high-sensitivity CRP and established cardiovascular 
disease will be done to establish whether this novel anti-
inflammatory approach reduces rates of recurrent 
vascular events.
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