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Aims The use of biologic therapy has increased over the past decade well beyond primary autoimmune diseases. Indeed,
a recent trial using an anti-IL-1beta antibody reduced second myocardial infarction (MI) in those who have had MI.
Psoriasis is a chronic inflammatory disease often treated with biologics when severe, is associated with increased
risk of MI, in part driven by high-risk coronary plaque phenotypes by coronary computed tomography angiography
(CCTA). We hypothesized that we would observe a reduction in inflammatory-driven phenotypes of coronary pla-
que, including non-calcified coronary plaque burden and lipid-rich necrotic core in those treated with biologic ther-
apy after one-year compared with non-biologic therapy.

....................................................................................................................................................................................................
Methods
and results

In a prospective, observational study, 290 participants were recruited from 1 January 2013 through 31 October
2018 with 215 completing one-year follow-up. Of the 238, 121 consecutive participants who were biologic treat-
ment naı̈ve at baseline were included. A blinded reader (blinded to patient demographics, visit and treatment) quan-
tified total coronary plaque burden and plaque subcomponents (calcified and non-calcified) in the three main coro-
nary vessels >2 mm using dedicated software (QAngio, Medis, Netherlands). Psoriasis patients were middle-aged
[mean (standard deviation) age, 50.5 (12.1) years], mostly male (n = 70, 58%) with low cardiovascular risk by
Framingham score [median (interquartile range, IQR), 3 (1–6)] and had moderate to severe skin disease at baseline
[median (IQR) Psoriasis Area Severity Index, PASI, 8.6 (5.3–14.0)]. Biologic therapy was associated with a 6% reduc-
tion in non-calcified plaque burden (P = 0.005) reduction in necrotic core (P = 0.03), with no effect on fibrous bur-
den (P = 0.71). Decrease in non-calcified plaque burden in the biologic treated group was significant compared
with slow plaque progression in non-biologic treated (D, -0.07 mm2 vs. 0.06 mm2; P = 0.02) and associated with bi-
ologic treatment beyond adjustment for traditional cardiovascular risk factors (b = 0.20, P = 0.02).

....................................................................................................................................................................................................
Conclusion In this observational study, we demonstrate that biologic therapy in severe psoriasis was associated with favourable

modulation of coronary plaque indices by CCTA. These findings highlight the importance of systemic inflammation
in coronary artery disease and support the conduct of larger, randomized trials.
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1. Introduction

Cardiovascular disease remains the leading cause of death, with residual
risk due to inflammation being an emerging critical target.1,2 In a recent
study of patients with myocardial infarction (MI) and high residual inflam-
matory risk (high sensitivity C-reactive protein >2 mg/L), canakinumab, a
monoclonal antibody targeting interleukin-1b (IL-1b), decreased the
rate of non-fatal MI, non-fatal stroke, and cardiovascular death without
affecting cholesterol levels.3 Findings from the study support the need to
expand our understanding of potential effects of biologic therapies on
coronary vasculature.

Psoriasis is a chronic inflammatory skin disease associated with accel-
erated atherosclerosis affecting about 3% of the population. Severe pso-
riasis is associated with early MI risk by over 50%,4 with rates of
coronary artery disease being similar to Type 2 diabetes.5 The inflamma-
tory milieu of psoriatic skin harbours cytokines critical to early athero-
genesis and plaque rupture, with derangements in pro-inflammatory and
pro-atherogenic cytokines, such as IL-1b, interleukin-17 (IL-17), and tu-
mour necrosis factor-a (TNF-a).

Psoriasis, when severe, is treated with biologic therapy. This provides
a reliable model to study inflammatory atherogenesis and the longitudi-
nal impact of modulating specific cytokines on vascular behaviour, while
treating the primary skin disease with FDA approved biologic therapies.6

In this context, the aim of this study was to perform coronary artery pla-
que characterization before and after biological therapy in an open-label,
one-year follow up study. We hypothesized that these inflammatory
driven phenotypes of coronary plaque, including lipid-rich, non-calcified
coronary plaque burden, and lipid-rich necrotic core, would decrease
following biological therapy compared with patients not treated with bi-
ologic therapy after one-year.

2. Methods

2.1 Study design and population
In a prospective, observational study, 290 participants participating in an
ongoing cohort study to understand the association between psoriasis
and cardiometabolic disease under the Psoriasis, Atherosclerosis and
Cardiometabolic Disease Initiative were recruited from 1 January 2013
through 31 October 2018 with 238 completing one-year follow-up and
121 consecutive patients meeting the inclusion criteria (Supplementary
material online, Figure S1). Detailed inclusion and exclusion criteria of the
study have been previously reported.7 A study provider confirmed the
onset and duration of psoriasis and assessed psoriasis severity using the
Psoriasis Area and Severity Index (PASI) score, which combines the se-
verity of lesions and the area affected into a single score, considering ery-
thema, induration, and desquamation within each lesion. Previous
psoriasis literature has established that the degree of PASI score re-
sponse defined as greater than 50% improvement is clinically significant
and denotes meaningful improvement.8 For this study, only participants
who were naı̈ve to biologic or systemic therapies at baseline were in-
cluded and followed for one year with clinical and laboratory data as
well as serial coronary computed tomography angiography (CCTA).
Biologic therapy initiation was performed one day to one month after
the initial visit whereby an independent dermatologist started treatment.
Treatment agents included TNF-a inhibitors (adalimumab, etanercept),
interleukin-12/23 inhibitor (ustekinumab), and interleukin-17 inhibitors
(secukinumab, ixekizumab). Participants who elected to not receive bio-
logic therapy at their follow-up visit were used as a referent group and

were treated with topical and/or light therapies only. Individuals on sys-
temic therapies or started on statin treatment over the course of the
one-year study period were excluded. Study protocols were approved
by the institutional review board at the National Institutes of Health and
all participants provided written informed consent. The study was in ac-
cordance with the Declaration of Helsinki. Strengthening the reporting
of observational studies in epidemiology guidelines were followed for
reporting the findings.9

2.2 Sample size calculations
Modulation of the primary outcome, non-calcified plaque burden, was
assessed on a per-artery basis, yielding 363 total arteries in a cohort of
121 study subjects based on prior published methods.10,11 We hypothe-
sized a 15% difference in non-calcified plaque burden with a standard de-
viation (SD) of 0.5 between treatment groups. Thus, the evaluation of
182 arteries was required for a study with 90% power.

2.3 Coronary computed tomography
angiography
2.3.1 Acquisition
All patients underwent CCTA on the same day as blood draw, using the
same CT scanner (320-detector row Aquilion ONE ViSION, Toshiba,
Japan). Guidelines implemented by the NIH Radiation Exposure
Committee were followed. Scans were performed with prospective
EKG gating, 100 or 120 kV tube potential, tube current of 100–850 mA
adjusted to the patient’s body size, with a gantry rotation time of 275 ms.
Images were acquired at a slice thickness of 0.5 mm with a slice incre-
ment of 0.25 mm.

2.3.2 Analysis
All scans were read in a blinded fashion to patient characteristics, visit
date, and treatment. Coronary plaque characteristics were analysed
across each of the main coronary arteries >2 mm using dedicated soft-
ware (QAngio CT, Medis; The Netherlands).10,11 Automated longitudi-
nal contouring of the inner lumen and outer wall was performed and
results were manually adjusted when clear deviations were present.12

Results of the automated contouring were also reviewed on transverse
reconstructed cross-sections of the artery on a section-by-section basis
at 0.25-mm increments. Lumen attenuation was adaptively corrected on
an individual scan basis using gradient filters and intensity values within
the artery. Intra-rater reliability was high, with intra-class correlation co-
efficient = 0.900, 95% CI (0.903–0.919).

To account for variable coronary artery lengths, plaque volume (in cu-
bic millimetres) was divided by the corresponding segment length (in
millimetres), yielding a plaque index.9 Total plaque burden was defined
as the sum of calcified plaque burden and non-calcified plaque burden.
Non-calcified plaque subcomponents were obtained after adaptively
correcting for lumen attenuation and depicted based on Hounsfield
Units derived by the software.

2.4 Clinical data and laboratory
measurements
Upon recruitment of participants, initial contact with investigators in-
volved a comprehensive medical history, physical examination, medica-
tion evaluation, and anthropometric measurements. Blood samples
were collected after an overnight fast. Samples were analysed for basic
chemistry, complete lipid panel, insulin, and high sensitivity C-reactive
protein at the NIH Clinical Center. Cholesterol efflux capacity was
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measured using a validated ex vivo assay of J774 cholesterol-loaded mac-
rophages as previously published.11 Blood inflammatory markers includ-
ing interferon-c, TNF-a, and cytokines were quantified using multiplex
ELISA assays (Mesoscale Diagnostics, Gaithersburg, MD, USA).

2.5 Statistical analysis
Skewness and kurtosis measures were considered to assess normality.
Data were reported as mean with SD for parametric variables, median
with interquartile range (IQR) for non-parametric variables and as per-
centages for categorical variables. Parametric variables were compared
between two groups using paired t-test. Non-parametric variables were
compared using Wilcoxon signed-rank test and Pearson’s v2 test was
performed for categorical variables between two groups. We conducted
Spearman’s rank order correlation coefficient to evaluate the relation-
ship between non-calcified plaque burden and different cardiometabolic
risk factors.

To understand the change in various coronary parameters over one-
year follow up, we used paired t-test for parametric variables, Wilcoxon
signed-rank test for non-parametric variables and Pearson’s v2 test for
categorical variables. The change in coronary parameters over one-year
was compared between groups using paired t-test. We performed
multi-variable linear regression analysis and adjusted for Framingham risk
score, body mass index, and statin use. A two-tailed P-value <0.05 was
considered statistically significant. Statistical analysis was performed using
STATA-12 software (STATA Inc., College Station, TX, USA).

3. Results

3.1 Baseline characteristics of study groups
Study participants were middle-aged [mean (SD) age, 50.4 (12.1) years],
mostly male (n = 70, 58%) with low cardiovascular risk by Framingham
score [median (IQR), 3 (1–6)] and had moderate to severe skin disease
at baseline [median (IQR) PASI, 8.6 (5.3–14.0)] (Table 1). There were no
significant differences in demographic characteristics, in baseline medica-
tion use or laboratory values between the two groups along with no bio-
logic or systemic therapy use at baseline in either group.

3.2 Relationship of non-calcified plaque
burden with risk factors
Table 2 demonstrates associations between non-calcified plaque burden
and cardiometabolic risk factors. Non-calcified plaque burden was cor-
related with traditional cardiovascular risk factors, including male gender
(b = 0.37; P < 0.001), body mass index, (b = 0.52; P < 0.001), hyperten-
sion (b = 0.24; P < 0.001), hyperlipidaemia (b = 0.10; P = 0.02), HDL cho-
lesterol (b = -0.30; P < 0.001), Framingham risk score (b = 0.29;
P < 0.001), C-reactive protein (b = 0.11, P = 0.005), and homeostatic
model assessment insulin resistance score (HOMA-IR, b = 0.19;
P < 0.001). Additionally, non-calcified plaque burden was correlated with
skin disease severity as assessed by PASI score (b = 0.20; P < 0.001),
which remained significant after adjustment for traditional cardiovascular
risk factors and high sensitivity C-reactive protein (hsCRP) (b = 0.13;
P < 0.001).

...................................................................... ......................................................................

..............................................................................................................................................................................................................................

Table 1 Baseline and one-year follow-up characteristics of patients with psoriasis

Parameters Biologic treated (n 5 89) Non-biologic treated (n 5 32) At baselinea

Baseline One-year P-value Baseline One-year P-value P-value

Demographics and medical history

Age (years) 49.1 ± 12.2 50.2 ± 12.2 – 51.2 ± 12.0 53.1 ± 12.3 – 0.35

Males 50 (56) 50 (56) – 20 (63) 20 (63) – 0.65

Body mass index 29.9 ± 6.0 29.6 ± 6.1 0.18 29.4 ± 5.6 29.0 ± 5.4 0.06 0.57

Hypertension 27 (30) 26 (29) 0.71 10 (31) 9 (28) 0.32 0.63

Hyperlipidaemia 32 (36) 30 (34) 0.76 14 (44) 14 (44) 1.00 0.46

Statin treatment 25 (28) 22 (25) 0.71 10 (31) 9 (28) 0.32 0.92

Type-2 diabetes mellitus 8 (9) 6 (7) 0.16 2 (6) 3 (9) 0.32 0.60

Current smoker 9 (10) 7 (8) 0.18 4 (13) 4 (13) 1.00 0.59

Clinical and laboratory data

Total cholesterol (mg/dL) 181.3 ± 33.3 181.2 ± 36.0 0.49 184.4 ± 38.5 183.4 ± 41.2 0.43 0.50

HDL cholesterol (mg/dL) 53.8 ± 14.2 54.7 ± 16.2 0.17 53.4 ± 16.2 55.8 ± 19.5 0.16 0.79

LDL cholesterol (mg/dL) 105.6 ± 28.0 102.4 ± 33.0 0.19 103.1 ± 28.2 98.8 ± 35.9 0.25 0.51

Framingham risk score 3 (1–6) 2 (1–5) 0.15 3 (2–7) 4 (1–7) 0.65 0.42

C-reactive protein 2.0 (0.8–5.0) 1.4 (0.7–3.6) <0.001 2.3 (0.6–4.5) 1.8 (0.7–3.8) 0.21 0.71

HOMA-IR 3.1 (2.0–5.6) 2.9 (1.9–4.9) 0.11 2.6 (1.6–4.9) 2.7 (1.8–5.3) 0.57 0.59

Psoriasis characterization

PASI score 9.0 (5.6–15.0) 3.2 (1.8–5.7) <0.001 8.1 (5.0–12.0) 7.0 (4.0–9.9) 0.08 0.64

Disease duration 23.0 ± 14.4 24.0 ± 14.7 – 20.3 ± 14.6 21.3 ± 17.1 – 0.48

Topical therapy 56 (63) 39 (44) 0.03 22 (69) 25 (78) 0.32 0.62

Light therapy 16 (18) 11 (12) 0.25 9 (28) 10 (31) 0.66 0.08

Systemic therapy 0 (0) 0 (0) – 0 (0) 0 (0) – 1.00

Values are reported as mean ± SD or median (IQR) for continuous data and N (%) for categorical data. Two-tailed P-values less than 0.05 deemed significant (bold values).
HOMA-IR, homeostatic model assessment of insulin resistance; PASI, Psoriasis Area and Severity Index.
aComparison between groups at baseline.
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..3.3 Modulation of coronary plaque
characteristic following treatment
At one-year follow-up (Table 1), we observed a significant improvement
in psoriasis by PASI score in the biologic treated group (64% improve-
ment, P < 0.001) and not in the non-biologic treated group [median
(IQR), 8.1 (5.0–12.0) vs. 7 (4.0–9.9); P = 0.08]. There were no significant
effects on body mass index, lipids, or glucose. A reduction in hsCRP was
seen only in the biologic treated group [median (IQR), 2.0 mg/L (0.8–5.0)
vs. 1.4 mg/L (0.7–3.6); P < 0.001]. No participants in either group started
a new lipid lowering therapy during the study period.

Table 3 summarizes measures of coronary artery disease burden as
determined by CCTA. In those receiving biologic therapy, there was a
5% reduction in total coronary plaque burden [mean (SD), 1.30 mm2

(0.60) vs. 1.24 mm2 (0.60); P = 0.009], primarily driven by a reduction in
non-calcified plaque burden [mean (SD), 1.22 mm2 (0.59) vs. 1.15 mm2

(0.60); P = 0.005] (Figure 1A and B). We observed no change in fibrous
burden (P = 0.71), and there was a significant reduction in both fibro-
fatty burden [mean (SD), 0.22 mm2 (0.19) vs. 0.10 mm2 (0.14); P = 0.004]
and necrotic burden [mean (SD), 0.07 mm2 (0.19) vs. 0.03 mm2 (0.09);
P = 0.03]. On the contrary, in those not receiving systemic or biologic
therapy over one-year, there were no significant changes in total plaque
burden [mean (SD), 1.28 mm2 (0.53) vs. 1.31 (0.48); P = 0.22] and non-
calcified plaque burden [mean (SD), 1.19 mm2 (0.41) vs. 1.25 (0.10);
P = 0.17] with no change in fibrous burden (4% decrease, P = 0.22), a sig-
nificant increase in fibro-fatty burden (38% increase, P = 0.004) and non-
significant increase in necrotic core (33% increase, P = 0.27) (Figure 2A
and B).

When comparing change in plaque characteristics between groups
over one-year, the decrease in non-calcified plaque burden in the bio-
logic treated group was significant compared with non-biologic treated
(D, -0.07 mm2 vs. 0.06 mm2; P = 0.03) and associated with biologic ther-
apy even after adjustment for traditional cardiovascular risk factors, in-
cluding Framingham risk score, body mass index, and statin use (b = 0.20,
P = 0.02).

We performed an exploratory analysis in the biologic treated group
by stratifying by treatment agents (anti-TNF, anti-IL12/23, and anti-IL17).
There were no significant differences in demographic characteristics, in
baseline medication use, or laboratory values between the three treat-
ment groups (Supplementary material online, Table S1). After one-year
of therapy, an improvement in hsCRP was observed in the anti-IL12/23
and anti-IL17 treated groups (P = 0.02 and P = 0.01; respectively). An im-
provement in HDL cholesterol was observed only in the anti-IL17
treated patients [mean (SD), 54.2 (19.9) vs. 61.2 (28.6); P = 0.03]. At
baseline, there were no differences in coronary characteristics between
the three groups. After one-year of therapy, we observed the following:
a 5% reduction in non-calcified plaque burden on anti-TNF therapy
(P = 0.06), a 2% reduction on anti-IL12/23 therapy (P = 0.36), and a 12%
reduction on anti-IL17 (P = <0.001) (Table 4, Supplementary material on-
line, Table S2). The reduction in coronary plaque burden observed on
anti-IL17 therapy was significantly greater than that observed on anti-
IL12/23 and no biologic treatment. Reduction in non-calcified coronary

......................................................................................................

Table 2 Multivariable linear regressions for the associa-
tions between non-calcified coronary plaque burden and
cardiovascular risk factors and psoriasis characterization

Parameters Non-calcified plaque

burden (mm2) (n 5 121)

Demographics and medical history b (P-value)

Age (years) 0.04 (0.40)

Males 0.37 (<0.001)

Body mass index 0.52 (<0.001)

Hypertension 0.24 (<0.001)

Hyperlipidaemia 0.10 (0.02)

Type-2 diabetes mellitus 0.05 (0.19)

Current smoker 0.10 (0.03)

Clinical and laboratory data

Total cholesterol (mg/dL) -0.05 (0.45)

HDL cholesterol (mg/dL) -0.30 (<0.001)

LDL cholesterol (mg/dL) -0.01 (0.72)

Framingham risk score 0.29 (<0.001)

C-reactive protein 0.11 (0.005)

HOMA-IR 0.19 (<0.001)

Psoriasis characterization

PASI score 0.20 (<0.001)

Disease duration 0.05 (0.24)

All data in the table is expressed as standardized b (P-value). Two-tailed P-values
less than 0.05 deemed significant (bold values).
HOMA-IR, homeostasis model assessment of insulin resistance; PASI, Psoriasis
Area and Severity Index.

................................................................................ ................................................................................

..............................................................................................................................................................................................................................

Table 3 Coronary artery parameters by artery at baseline and one-year follow-up

Coronary characterization Biologic treated (n 5 267 arteries) Non-biologic treated (n 5 96 arteries)

Baseline One-year Change (%) P-value Baseline One-year Change (%) P-value

Total plaque burden (mm2) 1.30 ± 0.60 1.24 ± 0.60 -0.06 (-5) 0.009 1.28 ± 0.53 1.31 ± 0.48 0.03 (2) 0.22

Dense-calcified plaque burden (mm2) 0.064 ± 0.12 0.067 ± 0.14 0.003 (5) 0.36 0.082 ± 0.17 0.084 ± 0.15 0.002 (2) 0.48

Non-calcified plaque burden (mm2) 1.22 ± 0.59 1.15 ± 0.60 -0.07 (-6) 0.005 1.19 ± 0.41 1.25 ± 0.41 0.06 (5) 0.17

Plaque morphology index

Fibrous burden (mm2) 0.99 ± 0.45 0.98 ± 0.51 -0.01 (-1) 0.71 0.98 ± 0.32 0.94 ± .31 -0.04 (-4) 0.22

Fibro-fatty burden (mm2) 0.22 ± 0.19 0.10 ± 0.14 -0.12 (-55) 0.004 0.16 ± 0.15 0.22 ± 0.14 0.06 (38) 0.004

Necrotic burden (mm2) 0.07 ± 0.19 0.03 ± 0.09 -0.04 (-57) 0.03 0.06 ± 0.08 0.08 ± 0.22 0.02 (33) 0.27

Values are reported as mean ± SD for continuous data. Two-tailed P-values less than 0.05 deemed significant (bold values).
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plaque burden on anti-TNF therapy was only significant when compared
with non-biologic treated patients (P < 0.01).

Finally, we explored the modulation of inflammatory blood markers
(IFN-c, TNF-a, IL-6, IL1-b) with treatment of skin disease. PASI score
was associated with IFN-c (b = 0.12; P = 0.003), TNF-alpha (b = 0.08;
P = 0.05), and IL-6 (b = 0.10; P = 0.02) at baseline. After one-year of bio-
logic therapy, there were significant reductions in interferon-c [median
(IQR), 10.7 (5.6–28.0) vs. 10.2 (5.2–20.3); P = 0.02], TNF-a [median
(IQR), 1.7 (1.0–3.5) vs. 1.3 (0.6–2.5); P = 0.04], and interleukin-6 [median
(IQR), 1.4 (0.9–3.0) vs. 1.2 (0.7–2.1); P = 0.01]. These findings were not
observed in the non-biologic treated group (Supplementary material on-
line, Table S3).

4. Discussion

Herein, this observational study demonstrated favourable modulation in
coronary artery plaque disease indices by CCTA in a consecutive sample
of severe psoriasis patients treated with commonly used biological clas-
ses of drugs: anti-TNF, anti-IL12/23, and anti-IL17, compared with those
not treated with biologic therapy. Despite not knowing the specific pro-
gression rate of subclinical atherosclerosis on CCTA in psoriasis, we
used those with similar disease patterns choosing to receive topical or

light therapy only as our reference. In this referent group, we observed
progression of coronary artery disease with conversion of fibrous bur-
den to fibro-fatty burden, suggestive of lipid infiltration within the coro-
nary plaque. In those treated with biological therapy, we found that
inflammatory driven phenotypes including lipid-rich plaque and the ne-
crotic core decreased following therapy. Taken together, these data pro-
vide preliminary evidence that treatment with biologic modulates
coronary artery plaque in psoriasis.

Inflammation is causal in atherosclerosis and still accounts for approxi-
mately 20–30% of residual risk for cardiovascular events in the popula-
tion.13 Those with inflammatory diseases such as rheumatoid arthritis,
systemic lupus erythematosus, and psoriasis have a disproportional rate of
cardiovascular events compared with age and gender matched counter-
parts. Therefore, these populations serve as a unique vehicle to understand
inflammatory atherogenesis. We recently showed that this increase in MI
in psoriasis might be due to early, increased coronary artery disease that is
equivocal to individuals who are on average 10 years older with diagnosed
hyperlipidaemia.11 Whether these burdens modulate with skin disease
treatment has been the topic of intense investigation. Furthermore, when a
sample of psoriasis patients was followed for one year after any treatment,
a 6% decrease in aortic vascular inflammation was observed6; however, the
coronary arteries were not analysed in that study.

CCTA has long been utilized for characterization of coronary plaque
burden beyond X-ray angiography and has been extensively compared
with and validated against intravascular ultrasound.14 CCTA provides
characterization of not only lumen stenosis and arterial remodelling, but
also plaque subcomponents, including calcified, non-calcified, and high-
risk features.15 Studies have shown that there is an increase in non-
calcified plaque volumes in acute coronary syndrome patients,16 obese
diabetics,9 and also undergoes modulation in response to statin ther-
apy.17,18 Recently, when CCTA plaque features are accounted for,
patients with widespread non-obstructive coronary artery disease had
similar event rates when compared with patients with localized obstruc-
tive disease,19 suggesting that plaque characteristics are important in de-
fining accurate cardiovascular risk beyond obstructive stenosis.

The use of biologic therapy for psoriasis has rapidly increased over
the past decade given its remarkable success in early clearance of psori-
atic plaque. First, we observed reduction in non-calcified plaque across
all three classes of biologic agents in the study with varying degrees, sug-
gesting that clearance of psoriasis itself is important in the context of vas-
cular disease. Anti-TNF therapy is commonly accepted as the first line
biologic agent for the management of psoriasis; however, some of the
patients on this treatment do not have adequate response.20 In psoriasis,
TNF inhibitors have also been linked to worsening of cardiometabolic
risk factors, including weight gain and a shift in apolipoprotein B,21 and re-
cently were shown to not reduce vascular inflammation.22 In that study,
however, important inflammatory biomarkers, including TNF-a,
interleukin-6, hsCRP, and glycoprotein acetylation, all decreased follow-
ing anti-TNF therapy. Observational studies have shown that biological
therapy, more specifically TNF inhibitors, reduces MI,23 suggesting that
longer term observed benefit may relate to coronary plaque modulation
over time. The cardiovascular effects of newer, cytokine specific biologic
agents have yet to be extensively studied in psoriasis. In a meta-analysis
studying the association of major adverse cardiovascular events with the
use of anti-IL12/23 agents, the potential of these agents to further in-
crease cardiovascular morbidity could not be excluded.24,25 However,
previous literature in animal studies has been conflicting regarding
whether IL17 is pro- vs. anti-atherogenic.26 While some studies have
suggested the pro-atherogenic effects of IL17,27,28 a recent athero-

Figure 1 Change in coronary plaque burden components over one-
year by treatment. (A) Percent change in coronary plaque burden com-
ponents over one-year by treatment. (B) Change in non-calcified plaque
burden over one-year by treatment.
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..protective pathway has been proposed through regulation of IFN-c pro-
ducing Th1 cells.29 In our present study, we observed the greatest per-
cent reduction of non-calcified plaque burden in patients on anti-IL17
therapy with a reduction in necrotic core suggesting a potential role for
IL17 in atherosclerotic pathways. It has been implicated in literature that
IL17 is a central mediator in lipoprotein entrapment, leading to vascular
stiffness and promoting early atherosclerosis.30 Mouse studies have also
suggested that IL17 increases monocyte adhesion to the vascular walls,
promoting inflammatory cytokine production and endothelial dys-
function,31 with this phenomenon being normalized by IL17A blockade.
Moreover, the potential role of IL17 in linking skin disease and vascular
disease in psoriasis was expanded on in another mice study whereby
clearance of psoriatic skin manifestations by IL17 blockade was shown to

diminish peripheral oxidative stress and vascular dysfunction.32 Taken to-
gether, these data provide evidence to support further investigation of
IL17 blockade on coronary disease in humans.

Our study does have important limitations. This was an observational
study, and therefore, is subjected to potential for confounders compared
with a randomized clinical trial. Moreover, the use of biologic agents was
open-label, non-randomized, in a small sample and with a short duration
of follow-up. However, this is the largest consecutive sample of psoriasis
patients followed over time using CCTA. Furthermore, the biologic
treated groups had variability in baseline coronary parameters due to a
small sample size. Finally, we have not studied hard, cardiovascular
events, but instead used coronary artery plaque indices by CCTA to un-
derstand modulation on cardiovascular disease risk.

Figure 2 Left anterior descending artery plaque identified before (2A) and after (2B) biologic therapy. (A) (a) Longitudinal planar and (b) curved planar
reformat. (c and d) Representative cross-sectional views with colour overlay for plaque subcomponents. Lumen is encircled in yellow, vessel wall in orange
with subcomponents in between, including fibrous (dark green), fibro-fatty (light green), necrotic (red), and dense-calcified (white). Non-calcified plaque
burden = 1.03 mm2 and total atheroma volume = 99.2 mm3. (B) (a) Longitudinal planar and (b) curved planar reformat. (c and d) Representative cross-
sectional views with colour overlay for plaque subcomponents. Lumen is encircled in yellow, vessel wall in orange with subcomponents in between,
including fibrous (dark green), fibro-fatty (light green), necrotic (red), and dense-calcified (white). Non-calcified plaque burden = 0.85 mm2 and total ather-
oma volume = 80.6 mm3.
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5. Conclusions

In conclusion, we demonstrate that treatment of psoriasis with biologic
therapy is associated with a reduction of non-calcified coronary plaque
and improvement in plaque morphology compared with those not
treated with biologic therapy. These findings highlight the potential role
of quelling residual inflammation in cardiovascular disease and risk reduc-
tion. These findings support the conduct of larger randomized trials of bi-
ologic therapy on cardiovascular disease in psoriasis and potentially
other inflammatory diseases.

Supplementary material

Supplementary material is available at Cardiovascular Research online.
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