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Abstract: It is increasingly recognized that atherosclerosis and consequently cardiovascular
disease (CVD) are closely linked with inflammatory processes. The latter is in the center of
the pathogenic mechanism underlying autoimmune rheumatic diseases (ARD). It follows
then, that optimal control of inflammation in ARDs may lead to a decrease of the accom-
panied CVD risk. Major trials (eg, CANTOS, CIRT), aimed at examining the possible
benefits of immunomodulatory treatments in CVD, demonstrated conflicting results. On
the other hand, substantial evidence is accumulating about the possible beneficial effects of
biologic disease modifying antirheumatic drugs (bDMARDs) in patients with ARDs, parti-
cularly those with rheumatoid arthritis (RA). It seems that bDMARDs (some more than
others) alter the lipid profile in RA patients but do not adversely affect, in most cases, the
TC/HDL ratio. Favorable effects are noted for arterial stiffness and endothelial function. This
is reflected in the lower risk for CVD events, seen in observational studies of RA patients
treated with bDMARDs. It should be stressed that more data exist for the TNF-inhibitors
than for other bDMARDSs, such as tocilizumab, abatacept and rituximab. As regards the
spondyloarthropathies (SpA), data are less robust. For TNF-inhibitors, effects appear to be on
par with those seen in RA but no conclusions can be drawn for newer biologic drugs used in
SpA (eg, IL-17 blockers). Finally, there is accumulating evidence for a beneficial effect of
immunosuppressive treatment in cardiac inflammation and function in several ARDs.
Introduction of newer therapeutic options in clinical practice seem to have a positive impact
on CVD in the setting of ARD. This is probably due to better control of inflammation, but
direct improvement in vascular pathology is also a valid hypothesis. Most data are derived
from observational studies and, therefore, randomized controlled trials are needed to assess
the possible favorable effect of b(DMARDs on CVD outcomes.
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Introduction

There is now sufficient experimental and clinical evidence to support that atherosclero-
sis represents a chronic inflammatory process evolving within the wall of large and
medium-sized arteries rather than just the result of passive lipid accumulation in the
arterial wall.' In fact, inflammation dominates all steps of the atherogenic process,
starting with the recruitment of leukocytes and the expression of pro-inflammatory
cytokines at sites of endothelial dysfunction that ultimately result in the formation of

and progression to a vulnerable atherosclerotic plaque.®
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A complex interplay between the high-grade inflam-
matory process and classic cardiovascular risk factors has
been recognized as the pathogenetic substrate for exces-
sive cardiovascular morbidity and mortality characterizing
the whole spectrum of autoimmune rheumatic disorders
(ARD), mainly rheumatoid arthritis (RA),? systemic lupus
(SLE) and the
(SpA).* In particular, the overexpression of several proin-

erythematosus spondyloarthropathies
flammatory cytokines with an established role in athero-
genesis, such as tumor necrosis factor alpha (TNF-a) and
interleukin 6 (IL-6), leads to endothelial dysfunction and
contributes to the development of premature
atherosclerosis. Given the shared pathogenic features
between the inflammatory response and atherosclerosis,
sufficient control of disease activity is one of the two
main targets of cardiovascular disease (CVD) management
in ARDs (the other one being adequate control of classical
CVD risk factors).” Indeed, a remarkable improvement in
surrogate markers of atherosclerosis, such as arterial stiff-
ness and carotid intima-media thickness (cIMT) after suf-
ficient control of the disease in patients with RA has been
documented.®® Beyond subclinical atherosclerosis, cardi-
ovascular inflammation encompasses ischemic cardiovas-
cular events, such as myocardial infarction and strokes,
myocardial inflammation, pericardial inflammation and
heart failure, all of which are present in patients with
ARD as a consequence of chronic high-grade inflamma-
tory state. To that end, interest is now diverting towards
novel therapeutic approaches that expand beyond the man-
agement of traditional cardiovascular risk factors, targeting
specific agents in the inflammatory cascade with promis-
ing results.'”

Over the last 3 decades, biologic disease modifying
drugs (bDMARDs) have proved to be very effective at
controlling the inflammatory burden and altering to the
better the natural history of ARDs. Designed to block
key mediators of the immune response, namely TNF-a,
IL-1 and IL-6, bDMARDs have radically improved the
with
ARDs. Beyond their striking efficacy in achieving stable

prognosis and quality of life of patients
and low disease activity, b(DMARDs also appear to associ-
ate with overall improved cardiovascular outcomes in
these populations.'' Based on the inflammatory hypothesis
addition

a complementary therapeutic option for CVD beyond the

of atherosclerosis, the of biologics as

context of systemic inflammatory diseases is steadily gain-
ing attention, although large-scale clinical trials with hard

cardiovascular endpoints are still scarce.'*'?

The aim of this review is to provide an insight into the
inflammatory aspects of atherosclerosis and subsequently
critically summarize and discuss current data about the
effects of biologic treatments on cardiovascular inflamma-
tion, focusing on studies assessing their impact on surro-
gate markers of CVD and cardiovascular outcomes.

Search Strategy
A review of the English literature published in the online
databases Medline, Cochrane and Embase was performed
to December 2020, searching for randomized controlled
trials, observational studies and review articles concerning
the association between biologic agents and the risk of
cardiovascular events.

The search consisted of three components, each of them
represented by specific Medical Subject Headings (MeSH)
terms: (a) the autoimmune rheumatic disorder utilizing the

LRI

terms “rheumatoid arthritis”, “ankylosing spondylitis” and
“psoriatic arthritis” and “spondyloarthropathies™; (b) the
biologic agent, utilizing the terms “biologics”, “biologic
DMARDs”, “TNF-o antagonists”, “TNF inhibitors”, “anti-
TNFs”, “anti-IL6”, “anti-IL1”, “canakinumab”, “tocilizu-
mab”, “rituximab”, “abatacept”, “anakinra”, “etanercept”,
“infliximab”, “adalimumab”, “golimumab”; “certolizumab
pegol” (c) the cardiovascular outcome, identified by the
terms ‘“‘atherosclerosis”, “arteriosclerosis”, ‘“cardiovascular

CRINNTS

disease”, “cardiovascular risk” and “myocardial infarction”,

“cardiovascular death”, “sudden cardiac death”, “heart fail-

2

ure”, “stroke”, “lipids”, “lipid profile”, “cholesterol”,

ERINT3

“hypertension”,

Y

arterial stiffness”, “augmentation index”,

EEINT3

“endothelial function”, “flow mediated dilatation”, “caro-
tid”, “intima media thickness”. Our search strategy was
initially developed for PubMed and modified accordingly
for other research engines. In order to look for publications
referring to the use of biologics in non-rheumatic conditions,
an additional search combining the MeSH terms used for the
biologic agent and the cardiovascular outcome in the initial
search was also conducted.

The identification of eligible articles was initially car-
ried out by screening titles and abstracts, and finally by
reading the full text of the publication. The references of
the eligible articles were screened to ensure that no impor-
tant research data relevant to the subject were missed. Full
journal articles, reviews and published abstracts in English
from international rheumatology and cardiovascular con-
gresses were included in the search. Not accessible
abstracts, data from ongoing pharmaceutical research or
reports not translated in English were excluded."*
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Pathophysiology — Systemic and

Cardiovascular Inflammation

The concept that high-grade inflammation has a central
position in the etiopathogenesis of atherosclerosis in
ARDs has been primarily based on the observation that
various chronic, systemic inflammatory disorders are asso-
ciated with an excessive risk for cardiovascular events,
which cannot be solely explained by the prevalence of
traditional cardiovascular risk factors.'>'® For instance,
individuals with RA have a 2-fold higher risk for devel-
oping CVD than the general population.'” On the other
hand, it has been demonstrated that conventional and
bDMARDSs not only improve markers of systemic inflam-
mation and disease activity parameters,'® but also convey

Platelet aggregation

e
&

Prothrombotic state

Neutrophils

Endothelial activation

beneficial impact on vascular injury associated with these
conditions.'® Figure 1 provides a schematic overview of
the complex interrelation between vascular injury and
systemic inflammation in ARDs.

Endothelial dysfunction is well recognized as one of
the earliest steps and major contributors in the develop-
ment of atherosclerosis.'® It is characterized by the dysre-
gulation of the balance between endothelial-dependent
vasoconstriction and vasodilatation, mainly attributed to
diminished nitric oxide bioavailability, and the enhanced
expression of proinflammatory adhesion molecules, cyto-
kines, chemotactic and prothrombotic factors, all of which
participate in the development of atherosclerosis.?’
A number of factors may impair endothelial function and

Plaque rupture

Accelerated atheroscleros

Systemic
inflammation

Synovial inflammation

LDL oxidation

Figure | Pathogenetic links between systemic and cardiovascular inflammation. Proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a) and interleukin-|
(IL-1), upregulated in the setting of systemic inflammation, trigger endothelial activation. The ensuing overexpression of endothelial leukocyte adhesion molecules leads to
increased recruitment and activation of inflammatory cells within the arterial wall, resulting in destabilization of endothelial hemostasis, endothelial dysfunction and vascular
inflammation. The heightened synthesis of potent procoagulant molecule tissue factors by activated endothelial cells induces platelet adhesion and aggregation, creating
a prothrombotic state. Moreover, systemic inflammation associates with an increase in oxidized low-density lipoprotein (LDL-ox) particles along with a reduction in high-
density lipoprotein (HDL). These inflammation-driven mechanisms are responsible for the derangement of vascular architecture which represents the earliest step of
atherosclerosis, ultimately resulting in vulnerable plaque formation and rupture.
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act as triggers of endothelial activation. For example,
TNF-a, stimulates the expression of endothelial leukocyte
endothelial

leukocyte interaction resulting in increased recruitment

adhesion molecules and promotes cell-
and activation of inflammatory cells, within the arterial
wall*’** The ensuing disorganization of the vascular
architecture and dysregulation of vascular tone lead to
reduced endothelial nitric oxide synthase expression and
further derangement of nitric oxide metabolism through
various inflammation-driven mechanisms.****

The interaction between cytokines and endothelial cells
activates the coagulation cascade and promotes intravas-
cular fibrin deposition.”> Systemic inflammation induces
the expression of the potent procoagulant molecule, tissue
factor, by endothelial cells and platelet adhesion and

aggregation, ¢’

whereas endogenous fibrinolytic mechan-
isms are downregulated.”® This thrombotic propensity
deteriorates the pro-atherogenic state and accelerates pla-
que formation. The intrinsic coagulation pathway, which
also participates in hemostasis, is mainly mediated by the
kallikrein-kinin system, a group of plasma proteins with an
integral role in many biological processes, including coa-
gulation and inflammation. Activation of the kallikrein-
kinin system has been implicated in cardiovascular disease
as a result of bradykinin release, an established proinflam-
matory mediator as well as the induced changes in the
hemostatic system, leading to a hypercoagulable state.
Moreover, recent data demonstrate that blockade of the
kallikrein-kinin system can reduce complement activation
and thereby the inflammatory response on the endothe-
lium, providing additional mechanistic links between
inflammation and atherosclerosis.*’

Beyond their direct impact on endothelial function,
systemic inflammation promotes an atherogenic lipopro-
tein profile. This is mostly characterized by increased
levels of both small, highly atherogenic very low-density
lipoprotein (VLDL) and oxidized low-density lipoprotein
(LDL) particles, in combination with alterations in high-
density lipoprotein (HDL) composition and function.*
A paradoxical suppression of total cholesterol, LDL and
HDL levels is observed during the active phases of some
chronic inflammatory disorders, such as RA and SLE,
presenting an inverse association with the subsequent car-
diovascular risk.*'** This is explained by the dispropor-
tionate reduction in levels of HDL compared to LDL
cholesterol, giving a more atherogenic total-cholesterol:
HDL index.*> On top of lipid abnormalities, systemic

inflammation exerts adverse effects on other metabolic
pathways such as insulin resistance and body composition
and is now considered one of the main pathogenetic
mechanisms of the metabolic syndrome.>**> Thus, it is
not surprising that the magnitude of atherosclerosis in
RA is comparable to that of diabetes mellitus.*®

The CANTOS, CIRT and COLCOT Trials

The understanding of the inflammatory background of
atherosclerosis has reasonably given rise to the hypothesis
that targeting mediators of the inflammatory process may
attenuate the progression of the atherosclerotic plaque and,
hence, lead to the reduction of cardiovascular events. The
Canakinumab Anti-inflammatory Thrombosis Outcomes
Study (CANTOS) trial was a randomized, double-blind,
placebo-controlled trial designed to test the hypothesis that
interleukin-1p inhibition with the administration of the
human monoclonal antibody canakinumab could prevent
recurrent cardiovascular events in patients with a history
of myocardial infarction and a persistent pro-inflammatory
response, as defined by elevated high-sensitivity
C-reactive protein (hsCRP) levels (=2 mg/L). The trial
enrolled over 10,000 patients who were randomly assigned
to receive placebo or canakinumab at doses of 50 mg,
150 mg and 300 mg. After a median follow-up period of
3.7 years, it was shown that canakinumab doses of 150 mg
and 300 mg significantly reduced the risk for nonfatal
myocardial infarction, nonfatal stroke or cardiovascular
death by 15% (p = 0.021) and 14% (p = 0.031), respec-
tively, compared to placebo, without any effect on choles-
terol levels.”” This favorable effect on cardiovascular
events was accompanied by a reduction of about 35-40%
in interleukin-6 and hsCRP levels as a consequence of
direct interleukin-1f inhibition.

On the other hand, the Cardiovascular Inflammation
Reduction Trial (CIRT) found that low-dose methotrexate
treatment had no effect on major cardiovascular endpoints
in patients with stable coronary artery disease and either
type 2 diabetes or metabolic syndrome. The study enrolled
4786 patients who were randomized to receive low-dose
methotrexate or placebo, followed for a median period of
2.3 years. The concept was to assess the benefits of
a broader spectrum anti-inflammatory approach on cardi-
ovascular outcomes, utilizing the ability of methotrexate to
reduce the production of several inflammatory biomarkers,
including CRP, interleukin-1, interleukin-6 and TNF-0.%®
Nevertheless, no reduction in the levels of the theoretically
targeted inflammatory markers was observed in the active
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medication arm compared to placebo during the study
period.

Higher median hsCRP levels in CANTOS at baseline
compared to the corresponding values in CIRT which
ranged within normal limits (4.2 vs 1.6 mg/L), may
account for the contrasting outcomes of these trials, indi-
cating that targeting inflammation may prevent recurrence
of cardiovascular events only in those patients with signs
of a persistent inflammatory response.>® It may also be
assumed that blockade of the central interleukin-1f to
interleukin-6 signaling pathway may be more effective
than alternative anti-inflammatory approaches, but there
is still a long distance to be covered before this theory
can be confirmed.

Aiming to further test the inflammatory hypothesis of
atherosclerosis, the Colchicine Cardiovascular Outcomes
Trial (COLCOT) evaluated the impact of colchicine on
cardiovascular outcomes, recruiting approximately 4500
patients with recent myocardial infarction, assigned to
receive either colchicine at a daily dose of 0.5 mg or
placebo.*® The anti-inflammatory properties of colchicine
are attributed to the ability of the drug to inhibit micro-
tubule polymerization, thereby preventing cytokine release
and leukocyte migration. More specifically, the suppres-
sion of Nod-Like Receptor Protein 3 inflammasome by
colchicine seems to be responsible for a down-regulation
of interleukin-1B and interleukin-18 production leading to
subsequent reductions in interleukin-6 and CRP.*' In
COLCOT, treatment with colchicine over a 2-year period
led to a 23% reduction in the recurrence of major cardio-
vascular events, including death from cardiovascular
causes, myocardial infarction, stroke and unstable angina
resulting in coronary interventions, compared to placebo.*’

The Anakinra Trials

Severe reduction in coronary artery blood supply results in
acute myocardial ischemia and myocardial necrosis. In the
current era, reperfusion strategies aiming to timely restore
blood flow within the ischemic region, have revolutionized
the treatment of acute myocardial infarction by reducing the
loss of vital myocardium, thus resulting in significantly
improved outcomes. Despite prompt reperfusion treatments,
cardiac injury and myocardial cell death following the
ischemic event trigger local and systemic inflammatory
responses promoted by intracellular cytokines, such as inter-
leukin-1a. The activation of the inflammatory cascade, despite
complete restoration of coronary flow, leads to further loss of
cardiomyocytes, impairs myocardial healing and affects

myocardial remodeling.** The intensity of this inflammatory
response seems to be associated with worse clinical outcomes,
including mechanical complications of myocardial infarction
and heart failure.*® Inhibition of the IL-1 pathway for 2 weeks
with Anakinra, a recombinant human IL-1 receptor antagonist,
in 40 patients with stable STEMI, was found to reduce CRP
levels and prevent new-onset heart failure long-term after
STEMI but had a neutral effect on recurrent ischemic events
compared to placebo in the VCU-ART pilot studies.***’

The MRC-ILA Heart Study recruited 182 patients with
NSTEMI presenting in the first 48 hours after onset of
chest pain, randomized to either anakinra treatment or
placebo for 2 weeks. Despite a significant suppression in
CRP levels in the anakinra arm, the incidence of hard
cardiovascular endpoints was similar between the two
groups at 30 days and 3 months of follow-up.*®

On the other hand, chronic heart failure is considered
as a condition of systemic inflammation, characterized by
high circulating levels of inflammatory cytokines in
response to hypoxia, hemodynamic overload and low-
grade cell death.*” IL-1 has been identified as one of
the “soluble cardiodepressant factors”, demonstrating
negative inotropic effects on the myocardial cells by
impairing B-adrenergic receptor signaling downstream
in multiple ways.*® The blockade of IL-1 pathways with
anakinra has been shown to improve peak oxygen con-
sumption and reduce inflammatory markers in patients
with chronic heart failure.**>* In 60 patients with acute
decompensation of heart failure and elevated CRP levels
randomized to receive anakinra for 2 weeks, 12 weeks or
placebo within 14 days after hospital discharge, an
improvement was observed regarding peak oxygen con-
sumption, heart failure biomarkers and quality of life in
patients in whom anakinra was continued for 12 weeks.”'
In the DHART?2 trial, however, among 31 patients with
heart failure and preserved ejection fraction randomized
to receive either anakinra or placebo, treatment with
anakinra for 12 weeks reduced high sensitivity CRP and
NT-pro-BNP levels but showed no impact on peak oxy-
gen consumption.’?

Recurrent pericarditis is a condition that poses thera-
peutic challenges because it is corticosteroid dependent
and is resistant to treatment with colchicine. The
AIRTRIP trial has proposed IL-1 inhibition with anakinra
as a promising therapy for recurrent pericarditis, while its
efficacy remains to be confirmed in large scale clinical
trials.>
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Treatment with Biologics and CVD

Risk in Inflammatory Arthritides
Although the management of traditional CVD risk factors
has constituted for decades the cornerstone of CVD risk
prevention strategies, targeting low and/or high grade
chronic systemic inflammation emerges as a novel, chal-
lenging therapeutic approach for ameliorating the burden
of atherosclerotic disease. The rationale for such interven-
tions has been provided by observational and population-
based studies in systemic rheumatic diseases, exploring
whether antirheumatic treatment has a beneficial impact
on vascular injury and CVD outcomes. Particularly for
bDMARDs, a number of studies have tried to address
this question by examining the effect of treatment on
lipid profile, surrogate markers of atherosclerosis and
CVD-related outcomes, as summarized in Table 1.
Findings should generally be interpreted with caution
for several reasons: (a) early studies included mixed popu-
lations consisting of patients with various types of inflam-

matory arthritis;>*>>

(b) the overwhelming majority of
studies with hard end-points are observational, thus causa-
tion cannot be ascertained; (c) there are enormous varia-
tions in the type, number and disease state of patients
included, the main methods used to assess biomarkers
and surrogates and even the ascertainment of cardiovascu-

lar events. In this review, we focus on studies recruiting

individuals with a specific type of arthritis; however it
should be acknowledged that studies examining the cardi-
ovascular effect of bDMARDs in patients with SpA are
less robust. For studies examining surrogate markers, it is
important to bear in mind, at which time points assess-
ments were made. For example, just after administration of
a tumor necrosis factor inhibitor (TNFi) or after a specific
time interval like 3-, 6-, or 12-months.’®>” Thirdly, disease
duration might also play some role in the influence that
bDMARDs have on CVD-surrogate markers.”®

Rheumatoid Arthritis

Metabolic Factors

Results for TNFi are somehow conflicting for total cho-
lesterol (TC), HDL and triglycerides (TG) which appear
to be stabilized or increased upon treatment with these
drugs. A meta-analysis has shown that even if TC and
HDL are increased, the TC/HDL ratio remains stable.”” In
contrast, more consistent results exist for LDL which
seems to be unaffected.®® On the other hand, there is
a general agreement that IL-6 blockade with tocilizumab
results in an increase in most components of the lipid
profile.®” Data from systematic reviews and meta-
analysis support that such treatment led to increased levels
of TC, HDL and LDL.! However, as shown in a Phase III
study evaluating the effect of tocilizumab after 24 weeks

Table | Summary of the Effects of Biologic DMARDs on Cardiovascular Outcomes and Surrogate Markers

TNFi Tocilizumab Abatacept Rituximab
RA SpA
Lipid profile
Total cholesterol 1= T il ? 11-
HDL - i i ? 11-
TC/HDL - ? ? -
LDL - - i ? -1
TG - - i ? -
Surrogate markers
PWV IMP - ? ? ?
AUi ? - IMP ? ?
FMD IMP IMP ? - IMP
cIMT - IMP ? - -
Outcomes
Myocardial infarction l l ? l ?
Stroke l ? ? l -
Cardiovascular Events l l l ? ?
Notes: “?”: No data or conflicting data, “-": stable, “|”: decreased, “1”: increased.

Abbreviations: IMP, improved; RA, rheumatoid arthritis; SpA, spondyloarthropathies; HDL, high-density lipoprotein; TC, total cholesterol; LDL, low-density lipoprotein;
TG, triglycerides; PWYV, pulse wave velocity; AUi, augmentation index; FMD, flow mediated dilatation; cIMT, carotid intima media thickness.
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of treatment, on CVD risk in RA, despite the increase in
TC, LDL and TG, IL-6 inhibition led to an alteration of
HDL composition towards an anti-inflammatory pheno-
type with less serum amyloid-A content.*>® Data for
B-cells depletion treatment, with rituximab are few and
sometimes contradictory especially for TC and HDL
which appear to be increased or stable,”** in contrast to
LDL and TG which remain stable.” Finally, in a study
assessing the effect of bDMARD:s in various CVD-related
biomarkers, it was found that leptin/adipokine ratio was
more improved for other biologics (including rituximab,
tocilizumab and CTLA-4 inhibitor abatacept) compared to
TNFi. In the same study, after 24 weeks, Lipoprotein-a
was also more improved when tocilizumab was compared
with TNFi.*

A number of observations and systematic reviews sug-
gest that treatment with TNFi improves insulin resistance
in RA patients.°®*” However, it remains unknown whether
the TNFi exert their beneficial effects directly by normal-
izing beta cell function and insulin signaling or through
other mechanisms independent of TNF-a or systemic
inflammation.®® In this respect a longitudinal study indi-
cated that IL-1 inhibition with anakinra resulted in more
effective control of patients with type-2 diabetes mellitus
compared to TNF-a after six months of treatment.®” The
better outcomes were linked with a favorable shift of the
adipokine profile in the anakinra group suggesting a crucial
role of IL-1B in metabolic dysregulation in diabetic RA
patients. More importantly such observations provide evi-
dence for a tailored approach in RA subjects with specific
metabolic characteristics.

Surrogate Markers

Although there are some disagreements, it seems that
treatment with TNFi in RA leads to favorable outcomes
in arterial stiffness as assessed by pulse-wave velocity
(PWV) but not with the augmentation index (AUi),
which remained unchanged in most of the studies for RA
patients treated with TNFi.”% 7 Increased CVD risk and
a window for improving aortic stiffness, seems to be pre-
sent also in early RA. In a study enrolling patients with
early RA, treatment with TNFi etanercept or with etaner-
cept plus methotrexate, led to improvement in aortic dis-
tensibility after one year. Of note, no difference was
noticed between treatment arms.”” Endothelial function
seems also to be improved’®’® as a recent meta-analysis
has shown.” Tt has to be stressed however that the differ-
ent methods used for its measurement might limit the

generalizability of these results.”” On the other hand,
things are less clear for cIMT’*’® An RCT comparing
methotrexate alone versus combination treatment with
TNFi infliximab plus methotrexate, showed that there
was no difference in cIMT between the two groups.®
Data from other studies, however, support that cIMT
regressed or at least remained stable upon treatment with
TNFi.”*

Not many data are available for the other bDMARD:s.
In an open-label RCT, after 24 weeks, tocilizumab had the
same effect with etanercept or adalimumab in arterial
stiffness, as assessed by cardio-ankle vascular index and
aortic augmentation index.®' As for rituximab, in a small
study, 6 patients resistant to TNFi treatment, received
rituximab and displayed significant improvement of flow-
mediated dilation (FMD), as early as week 2, being also
maintained up to week 6.5 Finally, another study evaluat-
ing 38 RA patients showed that FMD was improved at
week 24 after rituximab infusion.®®> On the other hand, no
major effects were seen for cIMT, although longer follow-
up period might be needed to assess the atheroprotective
effect, if any.**®* For Abatacept, data are too few to draw
a definite conclusion.®® In a study with 45 RA patients, it
has been shown that after 12 months of treatment cIMT
and FMD remained stable.®

Outcomes

Several lines of evidence support the hypothesis that TNFi
are indeed associated with lower risk for CVD events. Data
from the British Society of Rheumatology Biologics Registry
for RA patients treated with TNFi or bDMARDs-naive
patients receiving conventional DMARDs were recorded
for the 20012009 time period and linked with the national
registry for myocardial infarctions (MI). It was shown that
the former (median follow-up per person: 5.3 years) com-
pared to the latter (median follow-up per person: 3.5 years)
had less risk for MI.% In a similar setting, no association was
found between exposure to TNFi in RA patients and
ischemic stroke.®” Data from about 4000 patients included
in the QUEST-RA study — an international multicentre cross-
sectional study selecting data from RA persons in three or
more rheumatology clinics in several countries —showed that
prolonged exposure to TNFi was combined with lower risk
for all CVD events including MI and stroke.*® Finally, in
a large prospective study examining data from about 20,000
patients-years, derived from the database of the Australian
rheumatology association, it was found that treatment with
TNFi or other biologics in patients with inflammatory
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arthritis (including those with psoriatic arthritis or ankylosing
spondylitis) was associated with less CVD events.® In con-
cert with these studies, a meta-analysis, published in 2011
showed that RA patients treated with TNFi compared to
those receiving conventional DMARDs, had lower risk for
MI and strokes in data derived from observational cohorts
but not from RCTs.”®*° Finally, in the largest meta-analysis
so far, Roubille et al found that TNFi treatment lead to
reduction in the risk for MI and strokes but not heart failure
in RA patients.”'

Despite the unfavorable alterations observed in the
lipid profile, tocilizumab does not exhibit higher risk for
CVD compared to other biologics.”*® Besides, a study
examining single nucleotide polymorphisms (SNP) in the
IL-6 receptor gene, found that a specific SNP was asso-
ciated with altered odds of coronary heart disease in RA
patients.”* In a recent RCT enrolling about 3000 patients
and comparing tocilizumab vs etanercept, major adverse
cardiovascular events were comparable between the two
groups, after a mean follow-up of 3.2 years.”” In fact, the
most recent meta-analysis has shown IL-6 inhibition with
tocilizumab had a lower risk for major adverse cardiovas-
cular events compared to TNFi but not with abatacept.”®
With regards to rituximab, data are less robust. The results
3595
patients, followed up for about 11 years), showed that

from the global clinical trial programme (n =

rates for MI and CVD events were comparable to the
general population.”” Of note, a handful of reports raise
the possibility of acute MI after rituximab infusion in RA
and lymphoma patients”®®’ Finally, for abatacept, in
a study using data from Marketscan and Medicare, having
as a composite primary endpoint the occurrence of MI,
transient ischemic attack and coronary revascularization, it
was found that during the 31,733 years of follow-up, this
regime was better than TNFi in RA patients with diabetes
mellitus.'” In a study of a similar setting, RA patients
treated with abatacept had 20% lower risk for CVD com-
pared to those who received TNFi, regardless of their
baseline CVD status.'”' Of note, similar results were
reported for older (>65 years-old) patients treated with
abatacept. These, analyzing data from 47,193 patients,
displayed lower risk for MI, than individuals with RA

who received TNFi.'%?

Conclusion

Overall, one could say that the lipid alterations observed
are of limited significance and do not seem to affect
cardiovascular outcomes. Surrogate markers, like FMD

are found to be improved or at least remain stable, upon
treatment with bDMARDSs, while hard outcomes like myo-
cardial infarction and stroke are reduced. Results seems to
be comparable across different bDMARDs classes, but
data are more robust for TNFi.

Spondyloarthropathies

Evidence about the association between treatment with
biologic drugs and cardiovascular effect, is much less for
SpA than for RA. It seems, however, that changes in the
lipid profile are similar in both groups of patients.’
Complexity in the interpretation of the results derives
also from the different diseases, like ankylosing spondyli-
tis (AS) and psoriatic arthritis (PsA) classified under the
umbrella of SpA. In fact, although they have many simila-
rities, especially in terms of clinical manifestations and
treatment options, it seems that regarding the underlying
pathogenic mechanisms and comorbidities, there are some
important differences between these conditions such as
distribution of joint involvement — predominantly spinal
in AS and peripheral in PsA- unfavorable metabolic profile
in PsA, skin disease in PsA and others. Additionally, data
are missing for drugs that recently have been added in the
rheumatologists’ armamentarium, like anti-IL-17 and anti-

IL-23 regimes.

Metabolic Factors

In AS patients, treatment with etanercept led to increase in
HDL and TC over the first 3 months. Noteworthy, TC/
HDL ratio was better, as were the qualitative changes in
HDL. In fact, serum-amyloid A (SAA) disappeared, lead-
ing thus to a more atheroprotective HDL.'® In another
study examining the effect of anti-TNF treatment in the
lipid profile of AS patients, it was found that after 14
weeks of treatment, TC and HDL were increased while
TC/HDL ratio, TG and LDL remained unchanged.'®
Interestingly, a large study with more than 200 patients
with axial SpA (axSpA — the major representative of
which is AS) showed that compared to non-TNFi users,
patients who were treated with TNFi had no changes in
their lipid profile. When comparisons were made in the
latter group between baseline and 2-years follow-up, only
a statistically significant increase was seen in TC.'® For
PsA, Agca et al in 2017 showed that 5-years treatment
with etanercept led to increased TC, HDL and LDL, leav-

ing TC/HDL unchanged, however.'*®
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Surrogate Markers

In general and partially in contrast to what is observed for
RA, arterial stiffness appears to remain unchanged for
most of the studies regarding AS patients.”*'"” A small
study examining 28 AS patients did not find changes in
arterial stiffness as assessed by PWV after 6 months of
treatment with TNFi.'® In concert, similar results were
presented by other investigators who reported no signifi-
cant changes in Aul and PWV in AS patients treated with
TNFi for 6-12 months.'®''?

Treatment with TNFi seems to also have a beneficial
effect to endothelial dysfunction in SpA. Syngle et al
showed that in 12 AS patients treated with infliximab,
FMD was improved after 12 weeks.''" Interestingly, it
has also been shown that just after infliximab infusion,
adhesion molecules used as surrogate markers for endothe-
lial activation like sE-selectin, are significantly reduced in
AS non-diabetic patients.''? Treatment with TNFi has also
beneficial effects in microvascular function, since endothe-
lium-dependent vasodilation and capillary recruitment was
found to be improved in a small cohort of AS patients
treated with etanercept for 1 month.'"?

Atherosclerotic lesions seem to be significantly
improved in SpA patients treated with TNFi. In a study
enrolling 81 AS patients, 67 of which were treated with
TNFi, it was shown that after a mean follow-up of
approximately 5 years, cIMT was stable for patients who
continued treatment with TNFi but progressed in those
who did not.""* Along the same lines, AS patients treated
with TNFi for 2 years exhibited lower values of cIMT and
number of atherosclerotic plaques compared to healthy
individuals.''® Finally, in a randomized placebo controlled
study, although treatment with TNFi golimumab left IMT
unchanged, patients being in the placebo arm showed
significant progression of IMT at 6 months.'®’

For PsA, in a small study, enrolling 20 PsA patients treated
with TNFi, cIMT was significantly decreased at 3 months.
After a mean follow-up of 2 years, the significant improve-
ment of cIMT continued only for patients who had continued
treatment with TNF1.** Similarly, Di Minno et al, in a larger
study, found that PsA patients treated with TNFi (mean+tSD
treatment duration: 52.33424.11 months) had lower number of
plaques and lower cIMT compared to those treated with con-
ventional DMARDs (mean+SD treatment duration: 58.22
42921 months)."'® Noteworthy, treatment duration with
TNFi was inversely correlated with cIMT, implying that effect
of treatment on atherosclerotic lesions, at least in these patients

is cumulative. It is possible that these effects are more pro-
nounced in specific subgroups of patients. In a recent study,
including about 300 patients (mean + SD follow up: 2.9 + 0.7
years) with psoriasis and PsA, it was found that treatment with
TNFi reduced the atherosclerotic progression in males but not
in females."'” Importantly, measuring vascular inflammation
with positron emission tomography (PET), in a subgroup of
this cohort, patients treated with TNFi but not those not
receiving biologics, had significantly lower target-to-blood
pool ratio (TBR) after 1 year.'"’

Outcomes

Despite psoriasis and PsA having been recognized to be
closely linked with CVD risk, not many studies have
assessed the effect of immunosuppressives on that. In
a relatively recent meta-analysis about the effect of
TNFi on CVD risk in patients with inflammatory arthritis,
only 6 studies for psoriasis/PsA were included.’’ The
investigators were able to show that treatment with
these regimes was associated with a reduced risk for all
CVD, compared to topical therapy. Similarly, in another
meta-analysis, it was shown that, compared to Pso/PsA
patients receiving topical treatment or methotrexate,
those treated with TNFi, had lower risk for CVD or
ML'"® Comparing different biologics, a large study
(78,162 patients) using data from US commercial data-
bases for patients with psoriasis or PsA, found that the
risk for atrial fibrillation or major adverse CVD events
did not differ between patients treated with the IL-23
inhibitor ustekinumab or TNFi.''” Data for newer treat-
ment modalities for PsA and AS, like drugs targeting IL-
17, are lacking.

Conclusion

Data are less solid for SpA compared to RA. This is more
pronounced for newer therapeutic regimes like anti-IL-17
and anti-IL-23 regimes. In general, despite increase in TC
and HDL, TC/HDL
Additionally, treatment with TNF inhibitors seems to

ratio remains unchanged.
improve endothelial dysfunction and atherosclerosis,
while limited data support the favorable effect of these

drugs in hard CVD outcomes.

The Effect of Anti-Inflammatory
Drugs on Myocardial Inflammation

and Function

Inflammatory myocardial disease characterized by

immune cell infiltration, degeneration and necrosis of
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cardiomyocytes is common in systemic autoimmune dis-

orders. From a pathophysiological standpoint, such
changes culminate in myocardial oedema — the main fea-
ture of acute cardiac tissue injury due to autoimmune
activation and/or microvascular ischemia — which, if
untreated, leads to cardiac tissue fibrosis and subsequently
to myocardial dysfunction. Cardiac magnetic resonance
(CMR) allows the non-invasive visualization and detailed
characterization of the various types of myocardial injury,
namely oedema, fibrosis, perfusion defects, coronary ves-
sels inflammatory and structural abnormalities,'*® all of
which occur in patients with systemic diseases and are
tightly linked with heightened risk of CV events in this
population.'?!

CMR based studies have demonstrated a substantial
degree of myocardial inflammation in systemic autoim-
mune diseases such as systemic lupus erythematosus,
inflammatory myopathies, scleroderma and systemic vas-
culitis even in individuals without clinical symptoms and
normal evaluation of heart function with echocardiogra-
phy, electrocardiogram and cardiac biomarkers such as
troponin.'**'** For example a retrospective study includ-
ing 78 newly diagnosed, treatment naive persons with
various systemic autoimmune disorders revealed clinically
silent myocardial oedema and fibrosis in the majority of
patients.'?® Interestingly enough, these abnormalities
resolved in follow-up scans after 1 year of treatment for
the underlying disease as per physicians’ choice.

Despite the lack of large prospective studies, there are
a few reports indicating that anti-inflammatory regimens
have a direct beneficial effect on myocardial oedema
assessed by CMR before and after therapeutic interven-
tion. Aggressive treatment with intravenous methylpredni-
followed by

cyclophosphamide, azathioprine reduced myocardial con-

solone immunosuppressives such as
trast enhancement on CMR in patients with autoimmune
myositis and such findings were in accordance with clin-
ical improvement.''® Similarly, the prompt initiation of
steroids and disease modifying drugs improved cardiovas-
cular outcomes in patients with ANCA-positive vasculitis-
related cardiomyopathy, suggesting that antirheumatic
drugs of various classes hold a crucial role in ameliorating
myocardial inflammation across the whole spectrum of
systemic inflammatory diseases.'?”"'*® With regards to
bDMARDs a small case-series reported considerable
improvement in SLE patients with myocarditis treated

with rituximab.'?’

A number of recent CMR-based studies have provided
further insights in the relationship between systemic and
myocardial inflammation by indicating significant
improvement of heart function after treatment with
bDMARDs."*° Ntusi et al showed that treatment with
TNFi resulted in considerable attenuation of subclinical
myocardial oedema in 32 patients with inflammatory
arthritides after 3-6 months of treatment.*' Reduction of
myocardial inflammation was accompanied by improve-
ment in myocardial function and overall disease activity.
In line with these observations, IL-6 inhibition with toci-
lizamab not only improved left ventricular injection frac-
tion but also normalized structural abnormalities such as
left ventricular hypertrophy assessed by mass index, con-
firming the findings of previous echocardiography
studies.'** '** Taken all together these findings suggest
a mechanistic role of TNF-a and IL-6 inhibition in mod-
ulating myocardial impairment and improving indices of
cardiac function in inflammatory diseases. It has been
suggested that chronic exposure of the myocardium to pro-
inflammatory cytokines mediates — amongst others —
adverse ventricular remodeling leading to diastolic dys-
function and heart failure with preserved ejection fraction,
of death in

diseases.'*>'*7 Biologic DMARDs may have pleiotropic

one of the leading causes systemic
effects and express their action through suppression of
systemic inflammation but also by specific antibody
mediated cellular effect on the myocardium. Although
some reports suggested an increased frequency of devel-
oping  heart following with
bDMARDs,*®!13 a systematic review concluded that
bDMARDs probably do not increase this risk but in con-

trast, may have a beneficial effect on morphological and

failure treatment

functional parameters of the myocardium highlighting the
need for better quality studies.'** To lend more support to
the former, treatment with TNFi seems to reduce the levels
of N-Terminal probrain natriuretic peptide — a well-
established biomarker of cardiac performance — in patients
with RA.'*' However, and until future large controlled
studies address this question, bDMARDs are generally
not recommended in patients with functional class III-IV
heart-failure.

Such observations provide the rationale for large long-
itudinal studies investigating the results of immunosup-
pressive treatment on myocardial inflammation and
function determined by CMR in systemic rheumatologic

diseases in earlier or later stages of the disease.'*?
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Insights of Biologics on CVD Risk

and Future Perspectives
Although robust evidence is currently lacking, it appears that
treatment with bDMARD:s has a positive impact on CVD risk
by favorably modifying several aspects of CVD in patients
with systemic inflammatory disorders. However, differences in
CVD targets should be taken into account when evaluating
such data as it is not evident which particular effect and which
class of antirheumatic drugs may be responsible for the overall
beneficial effect on CVD risk. Apparently, the suppression of
systemic inflammation represents the basic mechanism as
elevated C-reactive protein has been linked with increased
CVD mortality and morbidity in RA patients.'** The increase
of lipid levels in these patients — following treatment mainly
with TNFi and IL-6 inhibitors — reflects rather the restoration of
lipid metabolism to the level prior the onset of inflammatory
disease rather than an atherogenetic process. Furthermore,
bDMARDs render atheroprotective effects by improving
endothelial function, normalizing coagulation status and alle-
viating insulin resistance. RA individuals with a higher degree
of response to TNFi inhibitors, appear to have a lower inci-
dence of CVD events compared to those with suboptimal
control of disease activity supporting the link between inflam-
mation and atherosclerosis.'**'** To lend more support, the
results of a secondary analysis of the CANTOS trial suggest
that patients achieving the largest reduction in high sensitivity
C-reactive protein with canakinumab treatment, had better
CVD outcomes.'*® On the other hand, the influence of con-
comitant methotrexate administration with bDMARDs on
CVD reduction in patients with inflammatory arthritides has
not been investigated complicating the interpretation of the
data. Given that patients with longstanding, active disease are
more likely to be treated with bDMARDs, only a few studies
are adjusted for confounding by indication which is a crucial
concern for drawing any definite conclusions regarding the
precise impact of these regimens on CVD risk.'*’

Besides inflammatory burden reduction, drug-specific
mechanisms may be responsible for the improved outcome.
The CANTOS trial provides evidence that IL-1 inhibition may
reduce CVD events suggesting a mechanistic relationship
between targeting of the IL-1, IL-6 pathway of innate immu-
nity and treatment of atherosclerosis.'*® In this regard, IL-6
blockade may also represent a novel target of vascular therapy
as the beneficial effects of canakinumab in CANTOS trial are
directly linked with the magnitude of IL-6 inhibition.'*’ The
role of other alternative inflammatory pathways has not been
For example NLRP3

investigated yet. inflammasome

inhibition reduces atherosclerotic lesions and improves myo-

150,151

cardial ischemia in experimental models, whereas the

potential athLRP3-inhibiting properties of colchicine may also
be associated with atheroprotective action.'>>

Taken all together future research agenda in this field may
include a shift from traditional atherosclerotic macrovascular
disease to other mechanisms which may contribute to
increased CVD risk such as silent microvascular myocardial
injury in parallel with a personalized medicine based on indi-
vidual characteristics as well as CVD and disease-related risk
profile of the patients. In that respect, the identification of
biomarkers and clinical predictors in patients with inflamma-
tory conditions might lead to strategies that support individual
patients for specific therapies which in turn may target CVD
inflammation more effectively.

Conclusions

The introduction of bDMARD: in the treatment armamentar-
fum has revolutionized the overall management of systemic
inflammatory diseases culminating in better long term out-
comes and improvement in survival of patients suffering
from these conditions.'>*'>* Modern treatment strategies tar-
geting effective control of inflammation seem to have
a positive impact on CVD mortality but it still remains
unknown whether such observations reflect a direct effect on
vascular pathology or are the results of the suppression of
systemic inflammation. Lessons taken from inflammatory
arthropathies might have implications in the management of
atherosclerosis in the general population as indicated by
CANTOS trial. The research in this field is in its infancy and
future large studies could determine whether bDMARDs could
provide further benefit in the prevention and treatment of
atherosclerosis beyond established measures such as manage-
ment of classical CVD factors and lifestyle changes.
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