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Abstract

Despite half-century old, but comprehensive national and international
guidance, evidence of clinical effectiveness and widespread agreement on
management of risk factors along with sophisticated measures for primary
and secondary prevention of major cardiovascular events, cardiovascular dis-
ease remains the dominant cause of death and disability world-wide. Life style
changes at population-level (e.g., lower salt and saturated fat consumption or
reduced/banned amount of industrially-produced trans fatty acids in specific
products, etc.) or changes at individual level (e.g., targeting modifiable risk
factors/life style changes affecting smoking/tobacco use, poor diet, high blood
cholesterol, high blood pressure, insufficient physical activity, over-
weight/obesity) have reduced coronary heart disease mortality to variable ex-
tent in different countries (mostly so reported in Finland, Iceland and Swe-
den) at the beginning of the new century. Overall, however, cardiovascular
mortality is estimated to increase in the next coming years until 2030 at a cost
exceeding US $1044 billion. Several decades of status quo are also noted in
the therapeutic spectrum of cardiovascular disease, mainly consisting of vari-
ations to LDL-C lowering agents, antihypertensives, anticoagulants, anti-
platelets and fibrinolytics. Most of the therapeutic interventions are “tertiary”
in nature (probably some 60%), meaning that treatment is instituted once the
individual has developed a pathologic condition; “secondary prevention” may
cover some 25% - 30% (meant to prevent re-occurrence of the condition or
occurrence of complications) while “primary prevention” is left with 10% -
15% share (most commonly implying life style changes at individual level and
rarely pharmacological intervention). For almost three decades, the so-called
inflammatory hypothesis has been promoted as a reasonable pathogenetic
theory behind initiation and growth of atherosclerotic plaque (Alexander
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RW, 1994; Ross R, 1999). With the discovery of molecular and cellular path-
ways that promote atherosclerosis and the role of cytokines as inflammatory
messengers, the concept as such—inflammation, has received a primordial
role in atherogenesis. The present review paper aims at ascertaining the role of
inflammation as a common pathogenetic denominator of cardiovascular dis-
ease in patients primarily treated for their psoriasis and/or psoriatic arthritis.
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1. Introduction

Cardiovascular disease remains a massive public health problem world-wide not
only as disease entities clustering under a common umbrella most commonly
managed by cardiologists, but also as major comorbidities associated to skin and
joint disease in patients with psoriasis and/or psoriatic arthritis. Whether psoria-
sis initiates the systemic inflammatory march [1] or acts as an amplifier of in-
flammatory processes in patients with known metabolic disorders, the latter be-
ing a scenario that seems to bring about more severe consequences, the ultimate
result is a higher prevalence of cardiovascular risk factors including hyperten-
sion, diabetes, dyslipidemia, obesity and smoking, and considerably increased
risk of developing severe vascular events (including myocardial infarction and
stroke) [2]-[41]. Table 1 is a summary of studies carried out since 2010, investi-
gating the risk of serious cardiovascular events in patients with psoriasis (repro-
duced after Stephen Chu-Sung Hu, Int. J. Mol. Sci. 2017).

Despite the compelling evidence showing increased prevalence of CV risk
factors and increased risks of cardiovascular disease (CVD) and mortality
among patients with psoriasis/psoriatic arthritis, data suggest that many of these
patients are inadequately screened and/or undertreated for CV risk factors
[43]-[48]. According to a cross-sectional study in the UK in 2015, patients with
psoriasis were more likely to have uncontrolled hypertension as compared with
patients without psoriasis [46]. A survey of 127 US dermatologists carried out in
2015 revealed that only approximately 50% of these, screened patients for
hypertension, dyslipidaemia, or diabetes in patients with psoriasis [48]. Not-
withstanding the evidence and the guidelines recommending screening and
management of CV risk factors in patients with psoriasis and/or psoriatic arthri-
tis, otherwise applied to the general population [49] [50] [51], justifiably brings
dermatologists to the question: refer psoriasis patients with CV comorbidities to
the cardiologist? (As they may do with the psoriasis patients having PsA who are
referred to the rheumatologists for diagnostic workup and treatment recom-
mendation). This seems pretty intuitive and easy. Problem remaining is that car-

diologists, after running tests and computing a Framingham score to stratify
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Table 1. Studies investigating the risk of severe vascular events (including MI, cerebrovascular disease, and cardiovascular death)

in patients with psoriasis.

Study

Abuabara et al,
2010 [30]

Ahlehoff et al,
2011 [5]

Ahlehoff et al.,
2011 [42]

Ahlehoff et al.,
2012 [38]

Gelfand et al,
2009 [2]

Kaye et al, 2008
(11]

Lai et al, 2016
[25]

Lan et al, 2012
[54]

Levesque et al,
2013 [27]

Li et al, 2012
[26]

Cardiovascular
Comorbidities

Cardiovascular death

Composite endpoint
(myocardial infarction,
stroke and cardiovascular
death)

Composite cardiovascular
endpoint (recurrent
myocardial infarction,
stroke and cardiovascular
death) after first time
myocardial infarction

Ischemic stroke

Stroke

Myocardial infarction
Stroke

Myocardial infarction
Ischemic heart disease
Stroke

Cerebrovascular disease

Myocardial infarction

Nonfatal cardiovascular
disease (nonfatal
myocardial infarction,
nonfatal stroke)

Number of
Patients/Controls

Severe psoriasis: 3603;
Controls: 14,330

Mild psoriasis: 34,371; Severe

psoriasis: 2621; Controls:
4,003,265

Patients with first time
myocardial infarction;
Psoriasis: 462;
Controls: 48,935

Mild psoriasis: 36,765; Severe

psoriasis: 2793; Controls:
4,478,926

Mild psoriasis: 129,143
(controls: 496,666); Severe

psoriasis: 3603 (controls 14,330)

Psoriasis: 44,164; Controls:
219,784

Psoriasis: 520; Total subjects:

19,065

Psoriasis: 8180; Controls:
163,600

Psoriasis: 31,421; Controls:
31,421

Participants: 96,008 (women);

Psoriasis: 2463

Relative Risk

Hazard ratio: 1.57 (95% CI 1.26 - 1.96)

Rate ratio:
Composite endpoint:

Mild psoriasis: 1.20 (95% CI 1.14 - 1.25);
Severe psoriasis: 1.58 (95% CI 1.36 - 1.82);

Stroke:

Mild psoriasis: 1.25 (95% CI 1.16 - 1.33);
Severe psoriasis: 1.71 (95% CI 1.39 - 2.11);

Myocardial infarction:

Mild psoriasis: 1.22 (95% CI 1.12 - 1.33);
Severe psoriasis: 1.45 (95% CI 1.10 - 1.90);

Cardiovascular death:

Mild psoriasis: 1.14 (95% CI 1.06 - 1.22);
Severe psoriasis 1.57 (95% CI 1.27 - 1.94)

Hazard ratio: 1.26 (95% CI 1.06 - 1.54)

Rate ratio:
Age < 50 years:

Mild psoriasis: 1.97 (95% CI 1.66 - 2.34);
Severe psoriasis: 2.80 (95% CI 1.81 - 4.34);

Age > 50 years:

Mild psoriasis: 1.13 (95% CI 1.04 - 1.21);
Severe psoriasis: 1.34 (95% CI 1.04 - 1.71)

Hazard ratio:

Mild psoriasis: 1.06 (95% CI 1.0 - 1.1);
Severe psoriasis: 1.43 (95% CI 1.1 - 1.9)

Hazard ratio:
Myocardial infarction:
1.21 (95% CI 1.10 - 1.32);

Stroke: 1.12 (95% CI 1.00 - 1.25)

Odds ratio:
Myocardial infarction:

2.24 (95% CI 1.27 - 3.95); Ischemic heart disease:

1.90 (95% CI 1.18 - 3.05);

Stroke: 1.01 (95% CI 0.48 - 2.16)

Hazard ratio: 1.28 (95% CI 1.162 - 1.413)

Hazard ratio: 1.17 (95% CI 1.04 - 1.31)

Hazard ratio:
Myocardial infarction:
1.70 (95% CI 1.01 - 2.86);

Stroke: 1.45 (95% CI 0.80 - 2.65)

Population/
Type of Study

United Kingdom/
Cohort study

Denmark/Cohort
study

Denmark/Cohort
study

Denmark/Cohort
study

United
Kingdom/Cohort
study

United
Kingdom/Cohort
study

United States/
Cross-sectional
study

Taiwan/Retrospective
cohort study

Canada/Retrospective
cohort study

United
States/Cohort study
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Continued

Lin et al, 2011
[28]

Mallbris et al,
2004 [58]

Mehta et al,
2010 [16]

Ogdie et al,
2015 [23]

Prodanovich et
al,, 2009 [40]

Shiba et al, 2016
[29]

Stern et al, 2011
[31]

Wakkee et al,
2010 [32]

Wu et al, 2015
[24]

Myocardial infarction

Cardiovascular mortality

Cardiovascular mortality

Major adverse
cardiovascular events
(including myocardial
infarction, cerebrovascular
accidents and
cardiovascular death)

Ischemic heart disease;
Cerebrovascular disease;
Peripheral vascular disease

Coronary heart disease

Cardiovascular mortality

Ischemic heart disease
hospitalization

Myocardial infarction

Psoriasis: 4752; Controls: Hazard ratio: 2.10 (95% CI 1.27 - 3.43) Taiwan/Retrospective
23,760 cohort study
Psoriasis inpatients: 8991; Standardized mortality ratio: Sweden/Cohort
Psoriasis outpatients: 19,757 Inpatients: 1.52 (95% CI 1.44 - 1.60); study
Outpatients: 0.94 (95% CI 0.89 - 0.99)
Severe psoriasis: 3603; Hazard ratio: 1.57 (95% CI 1.26 - 1.96) United
Controls: 14,330 Kingdom/Cohort
study
Psoriasis: 138,424; Controls: Hazard ratio: United
81,573 Mild psoriasis (no DMARD): Kingdom/Cohort
1.08 (95% CI 1.02 - 1.15); Severe psoriasis study
(DMARD user):
1.42 (95% CI 1.17 - 1.73)
Psoriasis: 3236; Controls: QOdds ratio: United
2500 Ischemic heart disease: States/Observational
1.78 (95% CI 1.51 - 2.11); Cerebrovascular cross-sectional study
disease:
1.70 (95% CI 1.33 - 2.17); Peripheral vascular
disease:

1.98 (95% CI 1.38 - 2.82)

Hospital-based population: =~ Odds ratio: 1.27 (95% CI 1.01 - 1.58) Japan/Cross-sectional

113,065; study
Psoriasis: 1197
Severe psoriasis: 1376 Standard mortality ratio: United
1.02 (95% CI 0.90 - 1.16) States/Prospective
cohort study
Psoriasis: 15,820; Controls: ~ Hazard ratio: 1.05 (95% CI 0.95 - 1.17) Netherlands/Cohort
27,577 study
Mild psoriasis: 10,173 Hazard ratio: United
(controls: 50,865); Severe Mild psoriasis: 1.31 (95% CI 1.14 - 1.51); States/Retrospective

psoriasis: 3841 (controls:
19,205)

Severe psoriasis: 1.28 (95% CI 1.02 - 1.60) cohort study

Reproduced after Stephen Chu-Sung Hu, Int. J. Mol. Sci. 2017.

the patients’ long term risk, may well recommend the best life style management
of risk factors; however, do they have any pharmacologic treatment choice
beyond the most obvious one—a lipid lowering agent (?); while staying within
the realm of “primary prevention of major adverse cardiovascular events
(MACE)”z2. This is without doubt a pertinent question, given that there are cur-
rently no randomized controlled trials (RCT) providing proof that any estab-
lished psoriasis treatment can be effective against the risk of CVD. Noteworthy,
even the old Framingham Risk Score (FRS) for CV risk underestimates long
term risk of MACE in psoriasis patients. Mehta et al’s study of the impact of
psoriasis on the Framingham Risk Score found that the addition of psoriasis

warranted a change in CV risk factor treatment plans and goals for over 60% of
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patients [52] [53].

Anti-inflammatory Treatment Trials

Markers of inflammation have been shown to be up regulated in different
forms of cardiovascular disease and to correlate with vascular risk. As such, sys-
temic inflammation, postulated to be a common pathogenetic pathway for a
multitude of diseases, apparently unrelated, is nowadays widely accepted as me-
chanistic link between psoriasis and cardiometabolic disorders.

This awareness has triggered relentless attempts to prove that classical phar-
macological agents, otherwise proven to have desirable efficacy in selected indi-
cations, could also have genuine anti-inflammatory effects.

So is the wonderful Jow dose aspirin, obviously, devoid of anti-inflammatory
effect when used for primary prevention of CVD [54].

Rosuvastatin (Crestor), the most prescribed brand name drug in the US, with
22.3 million prescriptions filled and worldwide sales of $8.2 bn in 2013 [55] [56],
has been shown to reduce CRP levels but no effect whatsoever on the progres-
sion and clinical events in aortic stenosis [57]. In addition, rosuvastatin (and the
other HMG-CoA reductase inhibitors in the class) are known to increase in
HbA1, fasting serum glucose levels and significantly increase the risk for di-
abetes [58] [59].

The nonsteroidal anti-inflammatory drugs (NSAIDs) and the cyclooxyge-
nase-2 (COX-2) selective inhibitors (the COXIBs) also failed to prove an an-
ti-inflammatory effect and to decrease cardiovascular risk. The COXIBs have
even been shown to increase the risk for myocardial infarction [60] [61] [62].

Extensive literature has covered for more than a decade the story around the
putative anti-inflammatory effect of methotrexate and of canakinumab.

Alleged, significantly decreased risk of cardiovascular events with Jow doses of
methotrexate (MTX) in both experimental animals as well as in patients has
been circulating since 2005 [63]. The association between chronic use of metho-
trexate and decreased risk of ischemic cardiovascular events (CVE) among pa-
tients with psoriatic or rheumatoid arthritis (RA) was investigated using a sys-
tematic review and meta-analysis [64]. This meta-analysis was based on seven
observational studies with MACE as endpoint and C-reactive protein as surro-
gate parameter, the “well-known marker of systemic inflammation” [65]. The
authors of the study concluded that “methotrexate at low doses, such those used
for maintenance therapy of RA, predicted a decreased risk of CVE” [64].

Given the uncertainties inherent in observational trials, Ridker et a/ (2013) have
mounted a randomized, double-blind, placebo-controlled trial of low-dose metho-
trexate or matching placebo in 4786 patients with previous myocardial infarction
or multivessel coronary disease who additionally had either type 2 diabetes or the
metabolic syndrome—the CIRT Trial [66]. This trial set out to test the changes in
CRP as well as in interleukin-1fand interleukin-6 compared to baseline.

After 2.3 years the trial was stopped by the Data Safety Monitoring Board
(DSMB). The primary endpoint occurred equally in those treated with MTX (n
= 201) or placebo (n = 207) (hazard ratio, 0.96; 95% confidence interval [CI], 0.79

DOI: 10.4236/wjcd.2019.94024

271 World Journal of Cardiovascular Diseases


https://doi.org/10.4236/wjcd.2019.94024

C. Pater

to 1.16). Compared with placebo, MTX treated patients had more liver enzyme
elevations, leukopenia, higher MCV values, more anemia and non-basal-cell skin
cancers. MTX patients also had more oral ulcers and unintended weight loss.
Additionally, MTX did not significantly lower interleukin-1p, interleukin-6, or
C-reactive protein levels than placebo [67].

The CANTOS trial was supposed to validate the inflammation hypothesis in
atherosclerosis, a landmark trial to test whether blocking IL-15, a component of
the inflammatory cascade, might translate into improved outcome in the context
of secondary prevention of cardiovascular events in patients who have sustained
a myocardial infarction [68] [69] [70] [71].

CANTOS was a phase III clinical trial in which canakinumab (Ilaris”, Novar-
tis), a monoclonal human IL-14 antibody, on the market in US for more than a
decade, approved for the treatment of rare rheumatological conditions, was
tested for its presumed anti-inflammatory effects. 10,061 patients (mean age 61
years, 25% women) with history of myocardial infarction and hsCRP > 2 mg/L
were randomized to receive s.c. injections at 3-month interval (i.e., one of three
different doses or placebo).

Patients on the 150 mg dose regimen of canakinumab experienced a 15% rela-
tive risk reduction of a composite of MACE (i.e., nonfatal heart attacks, nonfatal
strokes and cardiovascular death). Responses were particularly beneficial for pa-
tients whose levels of hsCRP, viewed as a risk factor for heart disease, fell below
2 mg/L during the trial. Late last year, however, the US Food and Drug Admin-
istration issued a complete response letter to Novartis, essentially rejecting the
application on the grounds that the submitted data were insufficient to support
the company’s proposed indication. In Europe, Novartis opted to close the file
on the cardiovascular indication when it withdrew from the approval process
without addressing questions from regulators. Understandably, the FDA rejec-
tion and European withdrawal seem in stark contrast to the enthusiastic recep-
tion of CANTOS received in 2017. At the time, financial analysts pegged the an-
ti-inflammatory agent canakinumab as a potential blockbuster, with future sales
estimates in the billions, despite the known price tag for 150 mg dose used in
CANTOS costing approximately $73,000 per year, translating into one quali-
ty-adjusted life-year (QALY/year)adding up to $6.4 million [68] [69] [70] [71].

In the scientific community, on the other side, there is a widespread agree-
ment that CANTOS is an important “proof of principle” for the inflammatory
hypothesis in atherosclerosis, at best.

A currently ongoing trial is testing the anti-inflammatory effects of colchicine
and spironolactone since February 2017 (Colchicine and Spironolactone in Pa-
tients with STEMI/SYNERGY Stent Registry (CLEAR-SYNERGY) (Clinical Tri-
als.gov Identifier: NCT03048825). The CLEAR SYNERGY trial will study the
long-term effects of treatments following PCI to treat ST elevation myocardial in-
farction. These treatments address both the culprit artery (PCI with SYNERGY
Stent) as well as the non-culprit arteries (randomization to routine colchicine and

spironolactone).
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Another trial to determine the effect of psoriasis treatment (adalimumab,
phototherapy, and placebo) oncardiometabolic disease, the vascular inflamma-
tion in psoriasis (VIP) trial, tested the hypothesis that psoriasis therapy would
improve cardiometabolic biomarkers. Patientshad PASI 12 and BSA10 and were
washed out of psoriasis treatments. 97 patients were randomized to adalimumab,
nbUVB phototherapy, or placeboin a 1:1:1 ratio and treated for 12 weeks; pa-
tients then entered an open-label extension (VIP-E, NCT01866592) so that all
received adalimumab for 52 weeks. The primary outcome was FDGPET/CT de-
rived aortic inflammation measured as target-to-background ratio and second-
ary outcomes were cardiometabolic biomarkers including a novel marker of in-
flammation, GlycA. There was no difference in change in aortic inflammation at
week 12 in the adalimumab group or the nbUVB group or after 52 weeks of ada-
limumab treatment. Analysis within groups demonstrated a significant reduc-
tion in aortic inflammation by 4.09% (95% CI-7.78%, —0.39%) in the nbUVB
arm only. Neither treatment had impact on metabolic markers (insulin, adipo-
nectin, leptin) whereas only nbUVB increased HDLatl2 weeks. Despite no
change in aortic inflammation and minimal impact on lipids and insulin resis-
tance, adalimumab reduced GlycA levels, a biomarker predictive of coronary
disease [72].

This study shows the lack of correlation between CRP and IL-6 with aortic in-
flammation as assessed by FDGPET/CT at 12 and 52 weeks for adalimumab
treatment.

Finally, on 26™ Feb. 2019 the FDA has issued a safety alert regarding a clinical
study that has found a 10-mg, twice-daily dose of tofacitinib (Xeljanz—an oral
janus kinase [JAK] inhibitor) increased the risk for pulmonary embolism and
mortality in patients with rheumatoid arthritis [73].

Concerns about venous thromboembolic events (VTE) had also been raised
during the premarketing trials of another JAK inhibitor, baricitinib (Olumiant),
and that drug had been approved only for use in a low dose [73].

Table 2 summarizes studies carried out in patients with psoriasis and CV
comorbidities (Reproduced after Stephen Chu-Sung Hu, Int. J. Mol Sci. 2017).

A few of the examples above, perhaps the ones that mostly attracted both at-
tention and hope as potential breakthrough the rapiesmerit closer appraisal.

Overall, widespread primary and secondary prevention of CVD treatment by
lowering of plasma low-density lipoprotein (LDL) is known to prevent suben-
dothelial retention of lipoproteins and thereby decrease inflammatory atheros-
clerotic disease [84]. However, despite decades of such treatment applied early
and bringing LDL to quite low levels, the goal to eliminate atherosclerosis with
lipid lowering treatment has not yet been achieved.

The initial hope related to Canakinumab’s inflammatory effect was related to
findings from mice indicating that neutralization of IL-15 could diminish the
atherosclerotic lesion in animals (ignoring the associated finding that deletion of
IL-1a/p receptors was worsening plaque stability in a mouse model of advanced

atherosclerosis through effects on the extracellular matrix) [85] [86]. Besides,
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Table 2. Studies investigating the effects of different psoriasis treatments on the risk of cardiovascular disease in patients with psoriasis.

Study

Abuabara et
al, 2011 [74]

Ahlehoff
etal,2013
[75]

Ahlehoff
etal, 2015
[76]

Chin et al,
2013 [77]

Lan et al,
2012 [54]

Prodanovich
et al., 2005
[78]

Wu et al,
2012 [79]

Wu et al,
2013 [80]

Treatment for
Psoriasis

Systemic
immunomodulatory
therapies (methotrexate,
cyclosporine, alefacept,

efalizumab, adalimumab,

etanercept, infliximab)

Biological agents;
Methotrexate

Methotrexate;
Cyclosporine; Retinoids;
TNF-a inhibitors;
Ustekinumab

Methotrexate; Retinoid

Methotrexate; Retinoid

Methotrexate

TNF inhibitor

TNF inhibitor;
Oral/phototherapy

Cardiovascular
Endpoint

Myocardial infarction

Cardiovascular death,
myocardial infarction
and stroke

Cardiovascular
events
(cardiovascular
death, myocardial
infarction, stroke)

Cardiovascular
disease;
Cerebrovascular
disease

Cerebrovascular
disease

Vascular disease
(including
cardiovascular disease,
cerebrovascular disease,
atherosclerosis)

Myocardial infarction

Myocardial infarction

Number of Patients

Psoriasis: 25,554;
Phototherapy: 4220;
Systemic treatment:
20,094; Both
treatments: 1240

Severe psoriasis: 2400;
Biological agents: 693;
Methotrexate: 799;
Other therapies: 908

Severe psoriasis: 6902;
Methotrexate: 3564;
Cyclosporine: 244;
Retinoids:

756; TNF-a inhibitors:
959; Ustekinumab: 178

Psoriasis patients
without arthritis: 7648

Psoriasis: 8180;
Methotrexate: 258;
Retinoid: 193

Psoriasis: 7615

Psoriasis: 8845; TNF
inhibitor: 1673

Psoriasis: 8845;
Caucasians:

4645 (TNF inhibitor:
857; Oral/phototherapy:
1011; Topical: 2777);
Non-Caucasians: 4200
(TNF inhibitor: 816;
Oral/phototherapy:
1086; Topical: 2298)

Relative Risk

Hazard ratio (compared to UVB
phototherapy): 1.33 (95% CI 0.90 - 1.96)

Hazard ratio (compared to other
therapies): Biological agents:

0.48 (95% CI 0.17 - 1.38); Methotrexate:
0.50 (95% CI 0.26 - 0.97)

Hazard ratio (compared to other
therapies): Methotrexate:

0.53 (95% CI 0.34 - 0.83); Cyclosporine:
1.06 (95% CI0.26 - 4.27);

Retinoids: 1.80 (95% CI 1.03 - 2.96);
TNE-a inhibitors: 0.46 (95% CI 0.22 - 0.98);
Ustekinumab: 1.52 (95% CI 0.47 - 4.94)

Hazard ratio (compared to no
methotrexate and no retinoid treatment):
Cardiovascular disease:

Methotrexate: 0.39 (95% CI 0.20 - 0.76);
Retinoid 0.47 (95% CI 0.26 - 0.83);
Cerebrovascular disease:

Methotrexate: 0.42 (95% CI 0.19 - 0.95);
Retinoid: 0.67 (95% CI 0.35 - 1.31)

Hazard ratio (compared to no
methotrexate and no retinoid treatment):
Methotrexate: 0.50 (95% CI 0.27 - 0.92);
Retinoid: 0.70 (95% CI 0.39 - 1.23)

Relative risk (compared to no
methotrexate treatment): Methotrexate:
0.73 (95% CI 0.55 - 0.98); Low
cumulative dose methotrexate:

0.50 (95% CI 0.31 - 0.79)

Hazard ratio (compared to topical
therapy): TNF inhibitor:
0.50 (95% CI 0.32 - 0.79)

Hazard ratio (compared to topical
therapy): Caucasians: TNF inhibitors:
0.35 (95% CI 0.20 - 0.62);
Oral/phototherapy:

0.36 (95% CI 0.22 - 0.59);
Non-Caucasians: TNF inhibitors: 0.27
(95% CI 0.11 - 0.67); Oral/phototherapy:
0.58 (95% CI0.32 - 1.04)

Population/
Type of Study

United States/
Cohort study

Denmark/
Retrospective
cohort study

Denmark/
Cohort study

Taiwan/
Retrospective
cohort study

Taiwan/
Retrospective
cohort study

United States/
Retrospective
cohort study

United States/
Retrospective
cohort study

United States/
Retrospective
cohort study
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Continued

Wu et al, TNF inhibitor Myocardial infarction Etanercept: 976; Hazard ratio (compared to topical United States/

2013 [81] (etanercept or Monoclonal antibody: ~ agents): Etanercept: Retrospective

monoclonal antibody) 217; Topical therapy:  0.53 (95% CI 0.31 - 0.92); Monoclonal ~ cohort study

5075 antibody: 0.25 (95% CI 0.06 - 1.03)

Wu et al., TNF inhibitor Myocardial infarction Psoriasis (treated with  Hazard ratio (compared to psoriasis United States/

2014 [82] TNF inhibitor): 846; patients not treated with TNF Retrospective
Psoriasis inhibitors): cohort study
(not treated with TNF  0.26 (95% CI 0.12 - 0.56)
inhibitor): 7172

Wu et al, TNF inhibitor Major cardiovascular TNF inhibitor: 9148; ~ Hazard ratio (compared to United States/

2017 [83] events (myocardial ~ Methotrexate: 8581 methotrexate): Major cardiovascular Retrospective

infarction, stroke or
transient ischemic
attack, unstable

event:
0.55 (95% CI 0.45 - 0.67) Myocardial
infarction: 0.49 (95% CI 0.34 - 0.71);

cohort study

angina)

Stroke or TIA: 0.55 (95% CI 0.42 - 0.71);
Unstable angina: 0.58 (95% CI 0.41 -
0.82)

Reproduced after Stephen Chu-Sung Hu, Int. /. Mol. Sci. 2017.

the potential benefit of long-term use of canakinumab in humans at high risk for
atherosclerotic vascular disease might need to be substantial enough to counter its
high price and the increased risk of infection, which was 67% in a 2-yearcryopyrin-
associated periodic syndromes (CAPS)trial vs. 25% for placebo [87].

Finally, low-dose MTX is known to be a relatively safe and well-tolerated
drug; it has, however, several mild and usually self-limited side effects, including
nausea, stomatitis, and fatigue, but long-term use has rarely been associated with
more important adverse effects, such as hepatotoxicity, pulmonary disease, and
infection [86]. However, if low-dose MTX were effective in atherosclerosis but
would require long-term use, these side effects might become more important.
Moreover, the risk of liver injury and infection is increased in subjects with type
2 diabetes [86] [88], which represents a sizable percentage of the high-risk CAD
population that would be considered for this drug.

Novel Therapeutic Directions

The atherosclerotic plaque is considered the culprit of a series of sequential
events taking place upfront (angina pectoris, unstable angina/acute pulmonary
oedema), culminating with an acute myocardial infarction and followed by dif-
ferent degrees of heart fajlure, cardiorenal syndrome, etc. [89].

Inflammation of the vessel wall is involved in all stages of the course of athe-
rothrombotic disease, from the development of early lesions to the occurrence
of clinical events. Significant advances in recent years have largely improved
our understanding of this phenomenon and of its influence not only on athe-
rogenesis, but also on other intimately related disorders such as arterial hyper-
tension or the metabolic syndrome. Emerging imaging technologies (e.g., the
FDGPET/CT [90]) as well as measurement of serum concentrations of novel

biomarkers (TNFaq, ILs, e.g., GlycA (nuclear magnetic resonance signal) [91]
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and high mobility group box (HMGB1 [92])) offer the possibility to monitor
and quantify the degree of chronic vascular inflammation in vivo, as well as to
test new therapeutic options, especially in the field of inflammation signaling.

The risk for major cardiovascular events as well as vascular inflammation in-
creases with psoriasis severity and its duration independent of traditional CV
risk factors [6] [22] [93]-[104].

Inflammation as a hallmark of both PsO/PsA and atherosclerosis implies
common pathogenic features, including local and systemic immunologic
processes, inflammatory cytokine/chemokine profiles, and inflammatory mark-
ers (Figure 1) [34] [38] [105].
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Figure 1. Psoriasis and atherosclerosis have similar underlying immunologic mechan-
isms. Inpsoriasis (left), myeloid dendritic cells secrete interleukin (IL) 12 and IL-23,
which results in T-cell differentiation into type 1 helper T (Thl) and type 17 helper T
(Th17) cell subtypes. Thlcells in psoriatic lesions secrete tumor necrosis factor-a (TNF-a)
and interferon gamma (IFN-g), leading to keratinocyte activation and expression of ad-
hesion molecules, including intercellular adhesion molecule 1 and keratinocyte prolifera-
tion. Th17 cells secrete IL-17 and IL-22, which promote both keratinocyte proliferation
and intralesional angiogenesis. Decreased levels of regulatory T cells (Tregs) lead to al-
tered levels of transforming growth factor-b, which promotes further Thl and Th17 cell
activation. In atherosclerosis (right), endothelial activation at sites of nascent arterial
plaque promotes monocyte and lymphocyte extravasation and subsequent macrophage
and dendritic cell elaboration of IL-12 and IL-23. Differentiated Thlcells promote further
atherosclerotic plaque growth, whereas Th17 cells promote intraplaque neoangiogensis
and intraplaque hemorrhage. Increased levels of intraplaque IL-17 may lead to further
weakening of the fibrous cap, with subsequent plaque rupture and myocardial infarction.
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Lymphocytes expressing CD4+ receptor on the surface, also known as T hel-
per cells (Th) have fundamental role in the adaptive immune response. They are
commonly classified into Th1, Th2, Th17, and T-reg subsets based on the effec-
tor cytokines released, with a prevalence of IL-12 and IFN-y in Thl, IL-4, and
IL-13 in Th2, IL-17, and IL-23 in Th17, and finally IL-10 and TGF-g in T-regs
[106]. These cytokines are then involved in mounting a particular type of in-
flammatory response [27] [39] [107] [108] as indicated in Figure 2. The Th17
lineage produces IL-17A, IL-17F, IL-22 and IL-21.

The pro-inflammatory cytokine IL-23, composed by the two subunits p19 and
p40, is mainly produced by inflammatory Dendritic Cells (DCs) within the in-
flamed skin [35], with the additional contribution of macrophages and kerati-
nocytes [109] [110]. IL-23 induces the expansion and the maintenance of the Th
17 subsets of T cells.

The Th17 lymphocytes are characterised by the expression of the transcription
factor Retinoic acid receptor-Related Orphan receptor-t (ROR-t) and the sig-
nalling pathway Janus Kinase (JAK)-Signal Transducer and Activator of Tran-
scription (STAT). They differentiate from naive T cells in the presence of three
potential combinations of cytokines: 1) IL-6 and Transforming Growth Factor-g
(TGEp), with the additional potentiating effect of IL-18 and TNFaq; 2) IL-21 and
TGFp; and 3) IL-6, IL-18and IL-23 [11]. The IL-17 family includes six members,
namely IL-17A, B, C, D, E and F. Of these, IL-17A is the principal effector

Th Group
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||
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-
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* Interleukin-21
o Interleukin-22
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Figure 2. Helper T-cell (Th) subgroups and effector functions. The cytokine profile (including key cytokine re-
ceptors as denoted by R), the effector cell type that is activated, and the corresponding types of infections are

shown for each Th subgroup.
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of the IL-17-related inflammatory activity in PsO/PsA and atherosclerosis. IL-17
can exert its effects by binding members of the IL-17-Receptors (IL-17R) family
(ie, IL-17RA, RB, RC, RD and RE).

Functionally, the Th17 cells can be categorised into host protective cells or
pathogenic inflammatory cells. What role they exercise depends on the type of
cytokines promoting their differentiation. Commonly, IL-23-activated Th17 cells
trigger autoimmunity and chronic inflammation; conversely, TGFg and IL-6
promote pathogenic Th17 cells important in tissue defence and integrity [111].
As such, concomitant increase in IL-17 and IL-10 levels and reduction in IFN-y
is likely to limit lesion development and to promote plaque stability, whereas
simultaneous production of IL-17 and IFN-y is seems to promote lesion pro-
gression and plaque instability [112].

Upon activation, Th17 cells release effector molecules able to trigger a variety
of target cells such as osteoclasts, B-cells and macrophages, which are responsi-
ble for the disease-specific inflammatory response (Figure 3) [113].

Overall, IL-17 stimulation can increase keratinocytes proliferation, neo-angiogenesis,
recruitment and activation of mast cells, neutrophils and macrophages, while
reducing the expression of adhesion molecules thus favouring the disruption of
the skin barrier and arterial plaque instability.

Experimental Studies Exploring IL-17A

In a recent publication, Schiiler et al [114] describe ground-breaking findings
from having analysed three murine models with varying severity of psoriasis-like
skin disease and their associated vascular function and inflammation:

e Kl4-IL-17 Aind/+ mice with keratinocyte-specific IL-17A over expression
and an early onset severe psoriasis-like phenotype,

o homozygous CD11c-IL-17 Aind/ind and heterozygous CD11c-IL-17 Aind/+ mice
over expressing IL-17A in CD11c+ cells leading to a delayed onset of mod-
erate psoriasis-like skin disease, and

e the acute model of imigquimod-induced psoriasis-like skin inflammation
(IMQ).

Their data demonstrate a direct link between systemic IL-17A levels and the
severity of skin disease and vascular inflammation/dysfunction and confirm pre-
vious theory extended by Wohn et al. [115] indicating that a certain threshold of
systemic IL-17A must be exceeded for vascular dysfunction to develop. These
findings are aligned with those coming from two other research groups [116]
[117] suggesting a link between the severity of skin disease and the amount of
cutaneous and systemic IL-17A with the level of peripheral oxidative stress and
vascular dysfunction. Further on, the IMQ model [114] with moderate to severe
psoriatic skin lesion displayed only early signs of vascular inflammation and pe-
ripheral oxidative stress, very much in line with the natural course of psoriatic
skin disease leading to only moderately up-regulated IL-17A levels in the skin
and peripheral blood [114].

Saleh et al. [117] showed that arterial thrombus formation was attenuated in a

mouse model of psoriasis under IL-17A inhibition (Li et al, 2018), indicating
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Adapted with permission from Liuzzo, G. et al. EHJ 2013.

Figure 3. Proatherogenic and atheroprotective effects of IL-17. Several cell types produce IL-17. IL-17 ex-
erts proatherogenic effects by inducing the production of cytokines, chemokines, and matrix metallopro-
teinases. IL-17 also promotes G-CSF-mediated granulopoiesis and the recruitment of immune cells. More-
over, IL-17 induces apoptosis of endothelial cells and cardiomyocytes by activating caspase-3 and cas-
pase-9, and up-regulating the Bax/Bcl-2 ratio. The atheroprotective effect of IL-17 seems to be mediated at
least in part by the regulation of other cytokines (reduction of IFN-g and enhancement of IL-5) and by its
inhibitory effect on VCAM-1 expression, an adhesion molecule mediating the accumulation of monocytes
and T cells within the lesions. Abbreviations: CCL5, chemokine (C-C motif) ligand 5; CXCL1, chemokine
(C-X-C motif) ligand 1; CXCL8, chemokine (C-X-C motif) ligand 8; EC, endothelial cells; GCSF, granulo-
cyte-colony stimulating factor; IFN, interferon; IL, interleukin; MCP, monocyte chemotactic protein;
MMP, matrix metalloproteinases; ROS, reactive oxygen species; TF, tissue factor; TNF, tumour necrosis
factor; VCAM-1, vascular cell adhesion molecule-1.

that targeting cytokines that mediate psoriatic inflammation may indeed im-
prove cardiovascular comorbidities.

Perhaps the most compelling piece of experimental research in this area
comes from the group of Li-Hao Huang et a/ [118] from Washington University

DOI: 10.4236/wjcd.2019.94024 279 World Journal of Cardiovascular Diseases


https://doi.org/10.4236/wjcd.2019.94024

C. Pater

School of Medicine in St. Louis. The researchers managed to narrow down the
common inflammatory pathway of the psoriasis-affected skin lesions and vascu-
lar stiffness in atherosclerosis caused by the thickening of the collagenous ma-
trix. The thickening is known to be caused by an excess of collagen in the skin
and blood vessel, respectively. By use of a light-sensitive form of high-density
lipoprotein (HDL) that fluoresces when hit with a laser, the researchers could see
that HDL cholesterol was delayed in getting out of the bloodstream in the mice
that received the compound, a phenomenon present in both the skin and the in-
ternal arteries near the heart. In addition, the skin and blood vessels were more
densely interlaced with collagen and more resistant to stretching. Further, when
the researchers fed mice a high-cholesterol diet for three weeks, the mice in the
experimental psoriasis group developed significantly larger cholesterol deposits
in their blood vessels.

The findings suggest that psoriasis-affected skin lesions program interleu-
kin-17-producing T cells in draining lymph nodes to distal skin and later to ar-
teries. There, these cells mediate thickening of the collagenous matrix, such that
larger molecules including lipoproteins become entrapped. HDL transit can be
rescued by depleting CD4+ T cells or by neutralizing interleukin-17. Thus, in-
terleukin-17 can reduce lipoprotein trafficking and increase vascular stiffness by,
at least in part, remodeling collagen, the researchers concluded [118].

In parallel with, as well as following the animal experimental studies, many
observational studies in patients with a variety of different inflammatory diseas-
es have brought about evidence about IL-17 being a potent inflammatory factor
with a key role in the pathogenetic mechanisms of these disease entities.

In particular, convincing evidence indicates that IL-17 is key player in mul-
tiple stages of the atherosclerotic coronary artery disease by promoting arterial
wall inflammation, platelet aggregation, accelerated thrombosis and plaque vul-
nerability. All these changes translate into increased risk of all-cause and cardi-
ovascular death in patients in whom there is a clustering of classical risk factors
and particular inflammatory diseases such as PsO, PsA, RA, etc. [119] [120]
[121] [122] [123].

Most recently, a study by Mehta et al [124] brings additional data in support
of the role IL-17 has in patients with psoriasis and associated cardiovascular risk
factors. Patients in the study, known with moderate to severe psoriasis were bi-
ologic-naive at baseline and with low cardiovascular risk based on Framingham
scores.

Most of these patients were treated with biologics, while those who declined
biologics were treated with topicals and/or light therapy (the latter group served
as the reference group for the study). A total of 89 patients received treatment
with a TNF-alpha inhibitor (etanercept or adalimumab), interleukin (IL)-12/23
inhibitor (ustekinumab), or interleukin-17 inhibitor (ixekizumab or secukinu-
mab), while the non-biologic group included 32 patients.

At one-year follow-up, the biologic-treated patient had significant improve-

ments in coronary artery plaque as measured by coronary computed tomogra-
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phy angiography with no appreciable impact on lipids, glucose, or body mass
index. This was associated with a reduction at one-year in total coronary plaque
burden by 5% (2 = 0.009) and driven mainly by a reduction in non-calcified
plaque burden (2 = 0.005), fibrofatty burden, and the size of the necrotic core.
There was a significant decrease in non-calcified plaque burden favouring bi-
ologic over non-biologic treatment.

By contrast, there was a significant increase in fibrofatty plaque burden, amount-
ing to a 38% increase (P = 0.004), and a non-significant 33% increase in necrotic
burden, according to the report in those not treated with biologic therapy for
their severe psoriasis.

Patients treated with biologics had a significant reduction in high sensitivity
C-reactive protein (hsCRP), while patients treated with topicals and/or light
therapy did not.

Unexpectedly (or perhaps not), exposure to the three different class of biolog-
ics revealed that after a year of treatment with anti-IL-17 there was a significant-
ly greater reduction in coronary plaque burden versus both IL-12/23 treatment
and no biologic treatment. For anti-TNF therapy, the reduction in non-calcified
coronary plaque burden was only significant versus non-biologic treated pa-
tients, though Mehta et al [124] emphasized the observational nature of their
study and thereby the limitations of the study findings.

Another recent article by Zhang et al [125] explored behaviour of cytokines
belonging to the Thl, Th2 and Th17 lymphocytes in patients with acute myo-
cardial infarction (AMI—19 cases), unstable angina (UA—25 cases), stable an-
gina (SA—21 cases) and 20 healthy controls. Serum levels of IL-17 and IFNy in
the AMI and UA groups were statistically significantly higher than those in the
control and SA group.

Novel Biomarkers for Ascertaining Systemic Inflammation

GlycA by FDG-PET/CT is a novel, relatively recently validated assay that
quantifies the nuclear magnetic resonance signal from N-acetylglucosamine and
N-acetylgalactosamine moieties of plasma glycoproteins. It has been proposed as
an alternative to C-reactive protein (CRP) as a newer biomarker of systemic in-
flammation [91]. FDG-PET/CT enables measurement of in vivo whole-body in-
flammation, including high sensitivity for macrophage activity in the early, sub-
clinical inflammation of atherosclerosis [90]. FDG is taken up by cells in propor-
tion to their metabolic activity and quantifies vascular inflammation as a stan-
dardized uptake value. The measurement of vascular inflammation by
FDG-PET/CT has evolved as an acceptable surrogate inflammatory marker that
can be modulated with therapy and may prognosticate stroke and myocardial
infarction [126].

Change from baseline in vessel wall target-to-background ratio is the variable
looked at for assessing aorta inflammation [127].

In a pilot study of six patients with moderate to severe psoriasis versus con-

trols, FDG-PET/CT demonstrated increased metabolic activity in the liver, in-
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creased clinical and subclinical joint inflammation, and increased aortic inflam-
mation even after adjustment for cardiovascular risk factors. Inflammation ob-
served in the aorta suggested that aortas of patients with psoriasis were aged ten
years compared to their age-matched control cohorts [127].

Coronary CT angiography (CCTA) is used to investigate coronary atheros-
clerosis, enabling identification of rupture-prone plaques, and has been pro-
posed as an independent predictor of cardiovascular events [128].

Coronary artery calcification, as detected by CT, has been found to be more
prevalent in patients with psoriasis compared to controls [129] [130] [131]
[132]. Coronary artery calcium increases in patients with psoriasis in a similar
manner to that of patients with type 2 diabetes after adjustment for body mass
index [3]. Excessive quantity of epicardial adipose tissue, a risk factor for coro-
nary artery disease, has also been found to be increased in CT studies of psoriasis

patients in comparison to controls [129] [133].

2. Discussion

A huge amount of critical information that has been accrued during more than a
decade might well enable translation of basic research into properly designed
and powered, global randomized clinical trials, to substantiate the therapeutic
potential of monoclonal antibodies and/or innovative small molecules targeting
cytokines belonging to the IL-17 class. Available evidence suggests that the the-
rapeutic potential covers not only psoriasis/psoriatic arthritis but also atheros-
clerosis, hypertension, liver and kidney disease, multiple sclerosis and many
other inflammatory disease entities [134]-[139]. Such a scenario would certainly
need to imply that overall increased circulatory IL-17 levels would trigger in-
flammation in specific tissues/organs in the absence of psoriatic skin lesions.
This concept is however not proven yet, leaving open the axiom that blocking
IL-17 signaling pathways might prove to have preventive or therapeutic effects
in patients with PsO/PsA and associated cardiovascular comorbidities (CV risk
factors and/or established clinical entities).
There are several IL-17 blocking agents available on the market:
uUsS EU Japan

secukinumab [Cosentyx, Zafrez] Novartis 2015 2015 2014
brodalumab [Siliq, Lumicef, and Kyntheum] AZ/Valeant 2017 2017 2016
ixekizumab [Taltz] Eli Lilly 2016 2016 2016

Secukinumab and Ixekizumab are both IL-17A neutralizing while brodalumab
blocks the IL-17RA receptor subunit. Over the coming years, UCB is expected to
launch its IL-17A/IL-17F agent—bimekizumab. These are all monoclonal anti-
bodies however, more recently there has also been focus on the small molecule
oral therapeutics (Bristol-Myers Squibb’s BMS-986195 [140], Can-Fite Bio-
pharma’s piclidenoson [141] and ABY-035, a very small protein drug that is un-
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dergoing ph 2 study in PsO-Aftibody AB, Stockholm [142]).

Other than the monoclonal antibodies, highly specific and potent inhibitors
targeting Th17 specific transcription factor RORt have been identified and
found to be highly effective [143].

Finally, a highly innovative IL-17 blocking agent may come from Nuevolution
AB (Copenhagen). Nuevolution’s small molecules may offer access to both topi-
cal (e.g. cream based) treatment as well as safe tablet-based treatment [144].

Recent results from the VIP-S80 study evaluating cardiovascular outcomes in
patients with psoriasis treated with secukinumab are far from meeting expecta-
tions [145]. Further on, potential anti-inflammatory effect of secukinumab is
tested currently in the ObePso-S92 study [146] by evaluating changes in adipose
tissue in patients with psoriasis treated with secukinumab. Likewise, real-world
data derived from the Corrona Psoriasis Registry might provide valuable data on
the topic [147].

One may wonder, how come that secukinumab, highly efficacious in treating
the psoriasis and psoriatic arthritis symptoms, fails to show a meaningful effect
on inflammation. There is obviously no straightforward answer to this question
other than assuming that the great heterogeneity encountered in the natural
course of disease intricacies (Ze., PsO/PsA/CV comorbidities), compounded by
the complexity of physiopathological and immunological mechanisms playing in
require out-of-the box thinking, thorough selection of the population segments
to be explored as well as ingenious study designs and carefully selected end-
points.

Taken together, currently available clinical and experimental data do lend
strong translational knowledge to key study design elements and enable highly
focused clinical development strategy for any IL-17 inhibitor agent targeting
PsO/PsA and the clinical cardiovascular burden simultaneously. In particular,
such a strategy would have to focus on appropriate selection of patient popula-
tion to be targeted, timing of 1% efficacy analysis, endpoints and, nonetheless,
careful dose finding/dose regimen considerations (along with suitable monitor-

ing of safety/tolerability/immunogenicity aspects of such an undertaking).
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