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From RESCUE to ZEUS: will interleukin-6

inhibition with ziltivekimab prove effective for

cardiovascular event reduction?
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Over the past 40 years, the most successful pharmacologic approach to
cardiovascular disease prevention has been aggressive lowering of LDL
cholesterol. Yet, cardiologists and vascular biologists now have hard evi-
dence that inhibition of the NLRP3 to IL-1b to IL-6 to C-reactive protein
(CRP) pathway of innate immunity is also a potent target for atheropro-
tection.1 This proof-of-principle derives from the 10 000 participant
multi-national CANTOS trial presented in 2017 in which a monoclonal
antibody targeting IL-1b significantly reduced recurrent major adverse
cardiovascular events by 15–17%2 with the benefit directly related to the
magnitude of reduction in downstream IL-6 and CRP.3,4 Of considerable
importance, the clinical benefit observed within CANTOS was of the
same magnitude as that observed in trials of PCSK9 inhibition, yet was
achieved in the absence of any reduction in LDL cholesterol.

Directly targeting IL-6 itself has thus rapidly become a priority for the
atherosclerosis research community.5 This hypothesis has garnered con-
siderable support from Mendelian randomization studies which suggest
that genetic variants in the IL-6 signalling pathway associate with lifelong
coronary risk,6,7 from phenome-wide association studies implicating IL-6
in multiple forms of atherosclerotic disease,8 and from murine models in
which genetically modified mice with high IL-6 levels show increased sus-
ceptibility to atherogenesis yet also demonstrate fewer plaque lesions
when pre-treated with an anti-mouse IL-6 receptor antagonist.9 All of
these findings, and others, support the likelihood that lowering IL-6 activ-
ity will reduce incidence rates not just of myocardial infarction and
stroke, but also of abdominal aortic aneurysm, post-PCI complications,
and perhaps peripheral arterial disease. Other data implicate the IL-1b
to IL-6 pathway in congestive heart failure10 and acute coronary
ischaemia.11

Despite this promise, the safety and efficacy of IL-6 inhibition among
individuals at high atherosclerotic risk have been uncertain. The recent
phase II RESCUE trial addressed this issue with ziltivekimab, a fully human
monoclonal antibody directed against the IL-6 ligand and that is being
specifically developed for atherothrombotic disease.12 RESCUE focused
on individuals with elevated levels of high-sensitivity C-reactive protein
(hsCRP) and chronic kidney disease (CKD), a group with substantial car-
diovascular risk and unmet clinical need for whom alternative proven
anti-inflammatory agents such as renally excreted colchicine are

contraindicated. IL-6 levels are also a powerful predictor of incident vas-
cular disease in the setting of CKD, more so in fact than LDL
cholesterol.13

In brief, the RESCUE investigators randomly allocated 264 patients
with residual inflammatory risk (hsCRP >2 mg/L) and Stages 3–5 CKD to
subcutaneous administration of placebo or to ziltivekimab 7.5 mg, 15 mg,
of 30 mg once every 4 weeks over a 24-week period. Overall, the trial
primary endpoint of median hsCRP change over time were -77%, -88%,
and -92% across the ascending ziltivekimab dose range as compared to
-4% on placebo (all P-values <0.0001). (Figure 1) Thus, the magnitude of
hsCRP reduction in RESCUE was roughly twice as large as that achieved
within CANTOS using an upstream IL-1b inhibitor. Moreover, com-
pared to placebo, waterfall plots demonstrate highly efficient inhibition
of IL-6 and subsequent hsCRP reductions with ziltivekimab for virtually
all randomized participants. These findings suggest that direct IL-6 inhibi-
tion may reduce the wide individual variation previously seen with IL-1b
inhibition. In parallel with the primary hsCRP data, comparable dose-
dependent reductions for fibrinogen, serum amyloid A, haptoglobin, se-
cretory phospholipase A2, and lipoprotein(a) were also observed. The
observation that ziltivekimab reduced lipoprotein(a) is consistent with
evidence that IL-6 induces LPA mRNA expression in human hepatocytes,
possibly providing another mechanism for benefit.14 Finally, ziltivekimab
did not increase atherogenic lipid levels and was without serious injec-
tion site reactions, sustained thrombocytopenia or neutropenia, at least
over the 24-week trial period. These safety data, if confirmed in larger
long-term trials, raise the possibility that ziltivekimab may be unique
among commercially available IL-6 inhibitors.

Although the total sample size and duration of therapy in RESCUE
was modest, the presented data have allowed ziltivekimab to be ad-
vanced into a formal long-term endpoint trial know as ZEUS, the
Zlitivekimab Cardiovascular Outcomes Study (5). With plans to initiate
worldwide enrolment in late 2021, ZEUS will compare ziltivekimab to
placebo among 6200 patients with Stages 3–4 CKD and elevated hsCRP
to formally test whether reducing circulating IL-6 reduces cardiovascular
event rates. As such, incident major adverse cardiovascular events inclu-
sive of myocardial infarction, stroke, and cardiovascular death comprise
the trial primary endpoint. Given the emerging role of IL-6 in renal
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disease, an important secondary aim of ZEUS will address whether
chronic IL-6 inhibition slows the progression of renal disease as docu-
mented by changes in glomerular filtration rate and the urinary to albu-
min creatinine ratio over time, as well as progression to Stage 5 CKD
and dialysis. With regard to this latter hypothesis, it should be noted that
within CANTOS, IL-1b inhibition markedly reduced vascular event rates
among the subgroup with baseline CKD but had only modest benefits
on indices of renal function.15 In addition, baseline measures of left ven-
tricular ejection fraction will be obtained in ZEUS so that participants
can further be stratified on the basis of heart failure with reduced or pre-
served ejection fraction.

In sum, based on the recent RESCUE data, the opportunity has arisen
to move past CANTOS and IL-1b inhibition to address in ZEUS whether
targeting IL-6 can provide even larger reductions in cardiovascular event
rates. Focusing initially among those with CKD and elevated hsCRP,

ZEUS represents the next major step in our understanding of how, as
we continue to move beyond lipids, residual inflammatory risk can be di-
rectly impacted upon.
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