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CANTOS Ushers in a New Calculus of Inflammasome
Targeting for Vascular Protection—and Maybe More
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Despite overwhelming basic science linking inflammation to the pathobiology of atherothrombosis, the spe-
cific clinical evidence indicating cardiovascular benefits from anti-inflammatory pharmacotherapy has been
lacking. The CANTOS trial (Ridker et al., 2017a) now provides the first largescale proof of concept that inflam-
masome targeting can reduce cardiovascular events—and, surprisingly, lung cancer.

Over three decades of intense basic and
translational biology have uncovered a
critical role of inflammation in the initia-
tion, propagation, and natural history of
atherosclerosis and its key complications,
namely myocardial infarction and stroke
(Libby and Hansson, 2015). What was
initially thought to be simply “rust within
the pipes” and an inevitable consequence
of aging is now considered to be a highly
complex interplay of the innate and adap-
tive immune system. One of the earliest
insights into the role of the cellular inflam-
matory response in atherosclerosis was
introduced by Professor Hansson in
1985 (Jonasson et al., 1985). In this sem-
inal paper, atherosclerotic plaques were
found to have abundant expression of
the inflammatory marker HLA-DR, sug-
gesting that an immune-inflammatory
mechanism was present in advanced
vascular disease. Since then, the thesis
has moved from being purely observa-
tional and associative to elegant experi-
ments in animals and humans linking
increased/aberrant inflammation as a
causal and potentially primordial risk fac-
tor in atherosclerosis (Verma et al., 2002).

The inflammation hypothesis of athero-
sclerosis was fueled by several well-de-
signed studies linking levels of high-sensi-
tivity C-reactive protein (hs-CRP) to
vascular risk in both primary and second-
ary prevention cohorts (Ridker, 2016).
Largescale studies and meta-analyses
subsequently emerged showing that mea-
sures of hs-CRP offered prognostic infor-
mation for future cardiovascular events,
with a magnitude that was at least as large
as other conventional risk factors such as

o

@CrossMark
Page 1 of 3

dyslipidemia and hypertension (Emerging
Risk Factors Collaboration et al., 2010).
As the field evolved, it became clearer
that inflammation played an independent
role and added prognostic information
beyond traditional risk factors and risk cal-
culators for cardiovascular events.

One of the most intriguing twists in this
story was the realization that there was a
poor correlation between measures of
cholesterol and inflammation. Said differ-
ently, hs-CRP levels, and hence inflamma-
tion-mediated vascular risk, seemed to be
unrelated to the level of cholesterol
(Ridker, 2016). This was important, since
it would be of little value to measure
inflammation if it provided information
and prognostication that were similar to
elevated cholesterol. The fact that many
myocardial infarctions occurred in pa-
tients with so-called low cholesterol, but
high inflammation, led to speculation that
this population of patients might be candi-
dates for further anti-inflammatory target-
ing beyond lowering cholesterol. This
question was addressed indirectly in the
JUPITER trial—a study in which 17,802
patients with low cholesterol but high
hs-CRP received 20 mg rosuvastatin per
day (Ridker et al., 2008). These patients
had no indication for statin therapy based
on their cholesterol levels but were re-
cruited based on higher levels of inflam-
mation. Importantly, there was a profound
reduction in major adverse cardiovascular
events in the trial. As statins lower both
hs-CRP and LDL-C, the central question
of whether or not inflammation reduction
or cholesterol reduction drove these bene-
fits remained unanswered. The only way to

test the hypothesis would be to use an
agent that targets inflammation without
affecting cholesterol levels. And that was
CANTOS (Ridker et al., 2017a).

The CANTOS trial recruited 10,061 pa-
tients who had a previous myocardial
infarction and were treated with optimal
medical and lipid-lowering therapy, and
randomized them to receive canakinumab,
a fully human IL-1p antibody, or placebo
(Ridker et al., 2017a). Patients were eligible
for the study if they had persistently
elevated hs-CRP levels. Forty percent of
the patients in the study also had diabetes.
Canakinumab is commercially available
and is a high-affinity human monoclonal
anti-human IL-1B antibody currently indi-
cated for the treatment of some uncom-
mon IL-1B-driven inflammatory diseases
(cryopyrin-associated periodic syndrome,
Muckle-Wells syndrome, etc.). It is de-
signed to bind to human IL-1B and func-
tionally neutralize the bioactivity of this
pro-inflammatory cytokine. It has a long
half-life (4-8 weeks) with CRP and IL-6
reduction noted for 3-6 months following
a single dose administration. IL-1p is the
main product of the macrophage NLRP3
infammasome, a key receptor of the
innate immune system (Prochnicki and
Latz, 2017), which is believed to be one
of the key transducers through which risk
factors (including cholesterol crystals) are
linked to atherogenesis (Figure 1). Strik-
ingly, canakinumab (at the 150 mg dose
administered every 3 months) was associ-
ated with a significant 15% reduction in
major adverse cardiovascular events.
Notably, this occurred in the absence of
any change in LDL-C levels and was
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Figure 1. Canakinumab Acts via the NLRP3 Inflammasome to Reduce Inflammation and Cardiovascular Risk

The macrophage NLRP3 inflalmmasome can be stimulated by various stressors, including cholesterol crystals, which results in the eventual conversion of pro-IL1-8
into IL1-B, a quintessential and upstream cytokine involved in vascular inflammation and atherothrombosis. Canakinumab is a human IL-1p antibody that was used
in CANTOS. It binds to IL-1B, leading to a significant reduction in IL-6 and hs-CRP and attenuated atherothrombotic cardiovascular risk. ASC, apoptosis-associated
speck-like protein containing a CARD; IL-18, interleukin-1B; IL-6, interleukin-6; NLRP3, nucleotide-binding domain (NOD)-like receptor protein 3.

observed in addition to other relatively
optimal evidence-based cardiovascular
risk reduction therapies. Secondary ana-
lyses revealed that the benefits were
driven through further reductions in recur-
rent myocardial infarction and a marked
decrease in the need for coronary revascu-
larization procedures (such as angioplasty
or bypass surgery).

As with most advances, CANTOS an-
swers a key question, but raises many
more. Inflammation targeting in the trial
caused a small, but statistically signifi-
cant, increase in the rate of fatal sepsis.
This finding, while not unexpected, will
require careful monitoring of any potential
patients treated with the medication.
Although cardiovascular mortality was
not reduced, there was a profound 60%
reduction in cancer-related mortality
related to lung cancer (Ridker et al,
2017b). Even though this was a hypothe-
sis-generating outcome of the study, it
validates the basic biology also linking in-
terleukins to the tumor microenvironment,
tumor progression, and metastases (Di-
narello, 2010). A large number of patients
in the study were either past or current
smokers and likely had a higher predispo-
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sition to having pre-cancerous lesions,
the progression of which into overt can-
cers was possibly arrested by canakinu-
mab. However, prospective validation of
this construct will be required.

The calculus of secondary prevention of
atherosclerosis is now complex, and a
new era of personalized medicine will be
required. Targeting ischemic residual risk
will require a fundamental understanding
of what processes are the dominant drivers
of residual risk. While residual risk and
recurrent events are likely multifactorial, a
personalized approach to prioritizing ther-
apies based on biology, biomarkers, clin-
ical outcomes, and value/economics will
need to be developed. A post-myocardial
infarction patient treated with lipid-
lowering therapies to lower LDL-C levels,
but who has evidence of high hs-CRP,
may benefit to a greater extent by inflam-
mation reduction than further cholesterol
reduction. Likewise, a patient with low hs-
CRP levels with persistently high LDL-C
would have a high residual lipid risk that
would need to be prioritized. The personal-
ization of therapies will be complex since
other therapies (such as SGLT2 inhibitors
in patients with diabetes and very low

dose novel oral anticoagulants in patients
with stable atherosclerosis) have also
been recently demonstrated to reduce
mortality in high-risk patients through
inflammation- and lipid-independent path-
ways. Integrating and prioritizing these ap-
proaches will therefore require a thoughtful
and individualized approach.

For basic and translational scientists in
the field, CANTOS represents the “aha!
moment” —a vindication and affirmation
that inflammation not only drives athero-
sclerosis, but is also now a validated
target for clinical benefit. The ongoing
NHLBI-sponsored CIRT study will be a
very important next step in this field,
since, if positive, the anti-inflammatory
agent used, low-dose methotrexate, will
likely be more economical than mono-
clonal antibodies and is an agent for
which we have long-term safety data.

In conclusion, CANTOS is a seminal
clinical trial that provides convincing evi-
dence that innate immunity can be manip-
ulated to attenuate cardiovascular risk,
and hence, targeting inflammation, inde-
pendent of cholesterol lowering, is a
potentially new approach to risk reduction
in certain patient populations. CANTOS
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will also most definitely stimulate the field
of inflammation research in both cardio-
vascular disease and cancer, as we
continue to refine therapeutics in this
area that are efficacious, safe, and cost-
effective.
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Metabolism is a key regulator of cancer biology; however, its role in therapeutic resistance has remained
largely unresolved. Several new studies disclose that mitochondrial metabolism and oxidative phosphoryla-
tion at least in part drive chemoresistance in cancer and thus have important implications for targeted and

more effective chemotherapies.

Despite a complete remission following
intensive treatment with chemothera-
peutic agents, prognosis is very poor for
several types of cancer, including acute
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myeloid leukemia (AML), due to frequent
relapses caused by chemotherapy-resis-
tant cancer clones. Many hypotheses
have been proposed to explain therapeu-

tic resistance: drug efflux, detoxification
enzymes, poor accessibility of the drug
to the microenvironment and local niche,
supportive effects of stromal cells and
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