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Inflammation and atherogenic dyslipidaemia are often observed in skin diseases and represent an increased risk
of cardiovascular disorders. Proprotein convertase subtilisin/kexin type 9 plays an important role in the regulation of
serum low-density lipoprotein cholesterol levels. Its biological role, however, seems to go much beyond the regulation
of cholesterol metabolism. The article presents potential pathophysiological links between inflammatory process and
lipid disorders based on the example of psoriasis and systemic lupus erythematosus.
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Introduction

Proprotein convertase subtilisin/kexin type 9 (PCSK9)
belongs to a group of serine proteases responsible for the
activation of precursor proteins and their transformation
into active forms. PCSK9 has a significant effect on the se-
rum level of low density lipoprotein (LDL) modulating LDL
receptor (LDL-R) degradation. The enzyme was discovered
by Seidah et al. in 2003 [1]. The PCSK9 gene is located on
the short arm of chromosome 1. Gain-of-function muta-
tions are associated with hypercholesterolemia and an
increased risk of ischaemic heart disease [2], whereas loss-
of-function mutations cause a reduction in the serum LDL
level [3] PSCK9 has been detected in numerous organs,
such as intestines, lungs, kidneys and brain, but the larg-
est reservoir of this protein is the liver [4-6].

PCSK9 protein is synthesized as a proenzyme which
undergoes autocatalysis in the endoplasmic reticulum. It
consists of a prodomain, similar to the subtilisin catalytic
domain and of the C-terminal segment rich in cysteine
and histidine [7]. PCSK9 circulating in blood serum binds
to a transmembrane LDL-R on the cell surface. After in-
ternalization of this complex into the hepatocyte, PCSK9
prevents recycling of the receptor and its return to the cell
surface, promoting its lysosomal degradation [8]. This
leads to a reduction in the LDL-R level on the hepatocyte
surface and accumulation of circulating LDL [9] (Figure 1).
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Figure 1. Role of proprotein convertase subtilisin/kexin type 9
(PCSK9) in lipid metabolism. PCSK9 (brown) binds to the
low-density lipoprotein receptor (LDL-R) (green), promoting
its lysosomal degradation
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Strong inducers of PCSK9 expression include sterol-
regulatory element-binding protein 2 (SREBP2) activated
by a low level of intracellular cholesterol, as well as hepa-
tocyte nuclear factor 1o (HNF-1a) [10]. Serum PCSK9 level
depends on i.a. oestrogens, growth hormone and thyroid-
stimulating hormone concentrations, diet, and use of
statins [11-15]. The PCSK9 concentration is also correlated
with the body mass index (BMI), increased level of triglyc-
erides, insulin and glucose, or the homoeostatic model as-
sessment for insulin resistance (HOMA-IR) 16, 17].

Increased serum PCSK9 levels are positively linked
with a higher risk of cardiovascular events, especially
in male patients as well as in diabetic patients [18].
The most obvious mechanism relating atherosclerosis
to PCSK9 is the PCSK9 involvement in the LDL receptor
degradation. However, PCSK9 itself plays a role in the de-
velopment of atherosclerosis, regardless of lipid changes.
It has been shown that suppression of PCSK9 expression
reduces oxidised LDL-induced synthesis by proinflamma-
tory cytokine macrophages through the inhibition of nu-
clear factor-kB (NF-xB) activation and translocation, and
inhibits endothelial apoptosis as a result of caspase 3
and 9 inhibition [18, 19].

An increased PCSK9 level is correlated with increased
levels of white blood cells, C-reactive protein (CRP) and
fibrinogen in patients with a coronary heart disease [20].
It has been shown that circulatory PCSK9 is correlated
with the severity of liver steatosis in non-alcoholic fatty
liver disease (NAFLD) [21]. The latest studies reveal an
increased PCSK9 expression and release in other, aside
to metabolic syndrome, chronic diseases, such as chronic
kidney disease, hyperinsulinemia, hypothyroidism, and
also in the course of inflammatory process, which is an
important factor in the development of atherosclerosis
[22-24]. In experimental studies on lipopolysaccharide-
induced sepsis, PCSK9 overexpression was correlated
with increased IL-6 output, and mice with PCSK9 gene
knockdown revealed a reduced level of proinflammatory
cytokines, e.g. IL-6, MCP-1, TNF-a,, and MIP-2. Similar
results were achieved when patients with septic shock
and loss-of-function or gain-of-function mutations in the
PCSK9 gene were compared [25, 26]. This confirms a di-
rect proinflammatory effect of PCSK9. There has been
a growing interest in mutual correlations between PSCK9
and inflammation in chronic and autoimmune diseases
[25, 27].

The aim of this paper was to present the role of
PCSK9 in the pathophysiology of skin disorders, spe-
cifically psoriasis and systemic lupus erythematosus, on
the basis of the latest publications. The search was per-
formed with regard to articles available in PubMed, pub-
lished in 2015-2020. The keywords used were: PSCK9,
psoriasis, lupus erythematosus, skin disorders, inhibitors
PCSK9. The number of articles detected with particular
keywords was 251. In the next stage 11 articles describ-
ing original research on a human or animal model that
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involved groups with psoriasis or lupus erythematosus or
case reports concerning skin disorders and PCSK9 inhibi-
tors were manually selected to be included in this narra-
tive review.

PCSK9 and psoriasis

Numerous studies on psoriasis show a higher inci-
dence, as compared with the general population, of
associated diseases, lipid disorders, obesity, arterial hy-
pertension, type 2 diabetes or liver function impairment
[28-30]. An increased risk of cardiovascular events is es-
pecially dangerous. There is evidence that patients with
psoriasis have a 5-year shorter lifespan, and the most
common cause of death is myocardial infarction and
thromboembolic incidents [31]. This mostly stems from
the association of psoriasis with lipid metabolism ab-
normalities underlying the atherosclerosis initiation and
progression. Psoriasis has been shown to be associated
with higher levels of LDL and triglycerides, and lower HDL
levels [32]. Moreover, oxidised LDL is present in psoriatic
epidermis, but not in healthy skin from psoriatic patients
[33]. A correlation between antibodies against these
modified lipoproteins and the psoriasis severity has been
observed [33]. The association of psoriasis with lipid me-
tabolism disorders has genetic, environmental and im-
munological background; also, a significant role of an
inflammatory process is emphasised. There are ongoing
studies aiming to explain mutual correlations between
these pathophysiological links. It has been observed
that adipocytes triggered by inflammatory mediators
(as in psoriasis) produce CRP [34]. This explains a cor-
relation between an increased number of adipose cells
and chronic skin inflammation. Moreover, hypolipemising
agents (statins) used in the treatment of hypercholester-
olemia improve the efficacy of psoriasis treatment [35].

A study conducted by Cao et al. has shown a correla-
tion between PCSK9 and JAKs and the extracellular sig-
nal-regulated kinases (ERK) signalling pathway [36]. ERKs
are increased in psoriatic skin lesions compared with
nonlesional psoriatic skin, and ERKs activity normalizes
with psoriasis clearance [36]. A study published in 2019
by Luan et al. gave evidence of PCSK9 overexpression in
skin lesions in patients with psoriasis [37]. A quantitative
analysis has shown that the level of mMRNA, the PCSK9 ex-
pression is about 5 times higher in the psoriatic plaques
that in the healthy skin [37]. PCSK9 expression was also
studied in mice treated with imiquimod (IMQ), which in-
duces psoriatic lesions. A higher PCSK9 expression was
shown in the skin treated with IMQ, as compared with
the control group [37]. These results show that treat-
ment with IMQ induces PCSK9 expression together with
psoriatic lesions. On the other hand, mice with PCSK9
gene knockdown have not revealed psoriatic lesions after
IMQ treatment [37]. These findings suggest a significant
PCSK9 involvement in the formation of psoriatic plaques.
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In a recently published study, the serum PCSK9 level
was examined in correlation with disease severity, inflam-
matory process, metabolic syndrome and effect of system-
ic therapy in psoriatic patients [38]. The study showed an
increased PCSK9 level in patients with psoriasis, regardless
of the disease severity [38]. Moreover, a reduced PCSK9
level was observed in patients treated with methotrexate
(MTX) for 3 months, while treatment with acitretin re-
sulted in further increase in the PCSK9 concentration [38].
A study reported by Garshick et al. suggests a significant
correlation between circulating PCSK9 levels and early and
advanced stages of atherosclerosis in psoriasis, regardless
of the cholesterol level [39].

PCSK9 and systemic lupus erythematosus

In 1976, Urowitz et al. reported an increased risk of
cardiovascular diseases in patients with systemic lupus
erythematosus (SLE) [40]. It is estimated that the risk of
their incidence is 2-10 times higher than in the general
population, while the risk of myocardial infarction in pre-
menopausal women increases by 50 times as compared
with the healthy control group. However, the mechanisms
underlying these observations have not been fully clari-
fied yet [41]. They may only partially be explained by the
presence of typical cardiovascular factors, e.g. disorders
in blood lipids, which is confirmed by no reduction in the
cardiovascular risk among SLE patients after implement-
ing statin treatment [42-44]. Also, a significant role of
inflammation in increasing the risk of atherosclerosis in
SLE patients is emphasized [42].

Chenglong et al. assessed the serum PCSK9 level in
a group of 90 SLE patients and 50 controls [45]. All the
SLE patients had an on-going systemic treatment, some
with mare than one drug: all the patients were treated
with hydroxychloroquine, 75 patients with glucocorti-
coids, 15 with azathioprine, 9 with cyclosporine A and
16 with mycophenolate mofetil. No differences between
the control and the SLE group were revealed with respect
to classic cardiovascular risk factors, such as age, sex,
body mass index, serum levels of total cholesterol, LDL,
HDL, triglycerides, uric acid and fibrinogen. In contrast,
a statistically significantly higher serum PCSK9 level was
observed in the SLE group as compared to the control
group. The authors suggested that PCSK9 might be re-
sponsible for the increased risk of cardiovascular diseas-
es in the SLE patients [45].

The study of Liu et al. assessed the serum PCSK9 lev-
el, thickness of intima/media complex and the presence
of atherosclerotic plaques in jugular arteries, as well as
the role of PCSK9 in differentiation of dendritic cells from
peripheral blood monocytes [46]. The research was con-
ducted on a group of 109 SLE patients and 91 controls. In
contrast to the study by Chenglong et al., no increased
serum PCSK9 level was observed in the SLE patients as
compared to controls. Of note, however, was a difference
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in age of the enrolled patients (mean 33 years vs. 48
years in the Chenglong et al. study). For the SLE patients,
a statistically significant correlation was observed be-
tween the serum PCSK9 level and severity of the disease,
as assessed by SLAM (Systemic Lupus Activity Measure,
p = 0.020) and SLE Disease Activity Index (p = 0.0178)
[47]. Additionally, a mechanism partially explaining the
effect of PCSK9 on the course of SLE was suggested. SLE
patients reveal a higher concentration of oxidised low-
density lipoproteins (oxLDL). Also, an increased sensitiv-
ity to oxLDL activity, as compared with healthy subjects,
may be observed. OxLDL promote activation and matu-
ration of dendritic cells (DC), which belong to a group of
PCSK9-dependent antigen-presenting cells [46].

Novel therapeutic strategies for
hypercholesterolemia and skin disorders

Monoclonal antibodies against PCSK9, evolocumab
and alirocumab were approved by FDA in 2015 for the
treatment, as monotherapy or combination therapy with
statins, of patients with familial hypercholesterolemia
(FH) or a high cardiovascular risk [48]. These agents pre-
vent binding of PCSK9 to LDL-R by blocking LDL-R degra-
dation, which results in a higher LDL receptor recycling
and reduced serum LDL level, which in turn reduces the
risk of cardiovascular events [47, 49] (Figure 2). Alirocum-
ab was found to reduce the LDL concentration below
70 mg/dl in more patients with a high cardiovascular
risk than ezetimibe [50]. Evolocumab alone significantly
reduced the LDL level in FH patients, and additionally,
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Figure 2. Mechanism of action for proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) monoclonal antibodies. Monoclo-
nal antibodies against PCSK9 (red) block binding of PCSK9
(brown) to the low-density lipoprotein receptor (LDL-R)
(green) and prevent LDL-R degradation, which results in
a higher LDL receptor recycling and reduced serum LDL level
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when combined with statins, it statistically significant-
ly reduced the LDL level and the risk of cardiovascular
events, as well as the level of non-HDL cholesterol, apoli-
poprotein B, Lp(a) and triglycerides [51, 52].

What is interesting, a complete remission of xanthe-
lasmas as a result of alirocumab treatment in a 50-year-
old patient with a heterozygous form of familial hyper-
cholesterolemia was reported [53]. Earlier, the patient
had been treated with atorvastatin for more than
20 years, and with ezetimibe for 5 years before the in-
troduction of alirocumab [54]. It has already been men-
tioned that the knockout of PCSK9 expression probably
inhibits the proliferation and inflammation of kerati-
nocytes. PCSK9 suppression has been suggested to in-
hibit the hyperproliferation of keratinocytes by inducing
apoptosis [38]. A hypothesis can be made that PCSK9
could be a treatment target to help improve psoriasis,
however, to the best of our knowledge, no data exist on
this topic. In contrast, a case of psoriasis reactivation
after 30-year remission period in a 76-year-old patient
with heterozygous FH, after 6 months of treatment with
evolocumab (140 mg every 14 days) was reported [54].
Kanda and Okajima described the occurrence of atopic
dermatitis (AD) in a 43-year-old patient with heterozy-
gous FH receiving evolocumab [55]. Other reports refer
to erythematous, well-defined lesions on the dorsal part
of the hands a few days after the administration of the
first evolocumab dose in a 23-year-old female with ho-
mozygous FH [56]. Administration site reactions, occur-
ring on average in 2.1% of patients using evolocumab, are
the main type of skin adverse reactions [56]. The most
common adverse reaction of alirocumab and evolocumab
was myalgia [56].

In summary, currently available monoclonal antibod-
ies against PCSK9 may cause skin adverse reactions,
which, in many cases, are mild and do not constitute
a contraindication to treatment continuation.

Conclusions

Certain cardiac and skin diseases have a common
pathophysiological pathway. This may explain the situ-
ation that psoriasis and SLE are associated with an in-
creased risk of cardiovascular events. Although studies
on the animal model demonstrated some promising
data, showing PCSK9 gene knockdown may prevent the
development of IMQ-induced psoriatic plaques, a limited
number of reports on the PCSK9 role in mentioned dis-
eases, small study groups, no conclusive data on the mo-
lecular mechanisms of the PCSK9 effect on the disease
necessitate further research.

648

Conflict of interest

The authors declare no conflict of interest.

References

—

. Seidah N, Benjannet S, Wickham L. The secretory proprotein
convertase neural apoptosis-regulated convertase 1 (NARC-1):
liver regeneration and neuronal differentiation. Proc Natl
Acad Sci USA 2003; 100: 928-33.

2. Abifadel M, Guerin M, Benjannet S, et al. Identification and
characterization of new gain-of-function mutations in the
PCSK9 gene responsible for autosomal dominant hypercho-
lesterolemia. Atherosclerosis 2012; 223: 394-400.

3. Cohen J, Pertsemlidis A, Kotowski |, et al. Low LDL cholester-
ol in individuals of African descent resulting from frequent
nonsense mutations in PCSK9. Nat Genet 2005; 37: 161-5.

4. Artenstein A, Opal S. Proprotein convertases in helath and

disease. N EnglJ Med 2011; 365: 2507-18.

Siedah N. The proprotein convertases, 20 years later. Meth-

ods Mol Biol 2011; 768: 23-57.

6. Fagerberg L, Hallstrom B, Oksvold P, et al. Analysis of the hu-
man tissue-specific expression by genome-wide integration
of transcriptomics and antibody-based proteomics. Mol Cell
Proteom 2014; 13: 397-406.

7. Cunningham D, Danley D, Geoghegan K, et al. Structural and
biophysical studies of PCSK9 and its mutants linked to famil-
ial hypercholesterolemia. Nat Struct Mol Biol 2007; 14: 413-9.

. Lambert G, Sjouke B, Choque B, et al. The PCSK9 decade.
) Lipid Res 2012; 53: 2515-24.

9. Tibolla G, Norata G, Artali R, et al. Proprotein convertase sub-

tilisin/kexin type 9 (PCSK9): from structure—function relation
to therapeutic inhibition. Nutr Metab Cardiovasc Dis 2011;
21: 835-43.

10. Dong B, Wu M, Kraemer F, et al. Strong induction of PCSK9
gene expression through HNFla and SREBP2: mechanism for
the resistance to LDL-cholesterol lowering effect of statins in
dyslipidemic hamsters. J Lipid Res 2010; 51: 1486-95.

11. Ozkan C, Akturk M, Altinova A, et al. Proprotein convertase
subtilisin/kexin type 9 (PCSK9), soluble lectin-like oxidized
LDL receptor 1 (sLOX-1) and ankle brachial index in patients
with differentiated thyroid cancer. Endocr J 2015; 62: 1091-9.

12. Persson L, Cao G, Stahle L, et al. Circulating proprotein con-
vertase subtilisin kexin type 9 has a diurnal rhythm synchro-
nous with cholesterol synthesis and is reduced by fasting in
humans. Arterioscler Thromb Vasc Biol 2010; 30: 2666-72.

13. Costet P, Cariou B, Lambert G, et al. Hepatic PCSK9 expres-
sion is regulated by nutritional status via insulin and sterol
regulatory element-binding protein 1c. J Biol Chem 2006;
281: 6211-8.

14. Ghosh M, Gadlman C, Rudling M, et al. Influence of physiolog-
ical changes in endogenous estrogen on circulating PCSK9
and LDL cholesterol. J Lipid Res 2015; 56: 463-9.

15. Roubtsova A, Munkonda M, Awan Z, et al. Circulating propro-
tein convertase subtilisin/kexin 9 (PCSK9) regulates VLDLR
protein and triglyceride accumulation in visceral adipose tis-
sue. Arterioscler Thromb Vasc Biol 2011; 31: 785-91.

16. Baass A, Dubuc G, Tremblay M, et al. Plasma PCSK9 is as-

sociated with age, sex, and multiple metabolic markers in

a population-based sample of children and adolescents. Clin

Chem 2009; 55: 1637-45.

v

o]

Advances in Dermatology and Allergology 4, August/2022



The role of proprotein convertase subtilisin/kexin type 9 (PCSK9) in the pathophysiology of psoriasis and systemic lupus erythematosus

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Lakoski S, Lagace T, Cohen J, et al. Genetic and metabolic de-
terminants of plasma PCSK9 levels. J Clin Endocrinol Metab
2009; 94: 2537-43.

Tang Z, Jiang L, Peng J, et al. PCSK9 siRNA suppresses the
inflammatory response induced by oxLDL through inhibition
of NF-kB activation in THP-1-derived macrophages. Int J Mol
Med 2012; 30: 931-8.

Wu C, Tang Z, Jiang L, et al. PCSK9 siRNA inhibits HUVEC
apoptosis induced by ox-LDL via Bcl/Bax-caspase9-caspase3
pathway. Mol Cell Biochem 2012; 359: 347-58.

Li S, Zhang Y, Xu RX, et al. Proprotein convertase subtilisin-
kexin type 9 as a biomarker for the severity of coronary ar-
tery disease. Ann Med 2015; 47: 386-93.

Ruscica M, Ferri N, Macchi C, et al. Liver fat accumulation is
associated with circulating PCSK9. Ann Med 2016; 48: 384-
91

Haas M, Levenson A, Sun X, et al. The role of proprotein con-
vertase subtilisin/kexin type 9 in nephrotic syndrome-asso-
ciated hypercholesterolemia. Circulation 2016; 134: 61-72.
Girona J, Ibarretxe D, Plana N, et al. Circulating PCSK9 levels
and CEPT plasma activity are independently associated in
patients with metabolic diseases. Cardiovasc Diabetol 2016;
15:107.

Glerup S, Schulz R, Laufs U, et al. Physiological and thera-
peutic regulation of PCSK9 activity in cardiovascular dis-
ease. Basic Res Cardiol 2017; 112: 32.

Dwivedi D, Grin P, Khan M, et al. Differential expression of
PCSK9 modulates infection, inflammation, and coagulation
in a murine model of sepsis. Shock 2016; 46: 672-80.
Walley K, Thain K, RussellJ, et al. PCSK9 is a critical regulator
of the innate immune response and septic shock outcome.
Sci Transl Med 2014; 6: 143-258.

Prillo A, Bonacina F, Norata G, et al. The interplay of lipids,
lipoproteins, and immunity in atherosclerosis. Curr Athero-
scler Rep 2018; 20: 12.

Farley E, Menter A. Psoriasis: comorbidities and associa-
tions. G Ital Dermatol Veneorol 2011; 146: 9-15.
Fernandez-Armenteros J, Gomez-Arbonés X, Buti-Soler M,
et al. Psoriasis, metabolic syndrome and cardiovascular
risk factors. A population-based study. J Eur Acad Dermatol
Venereol 2018; 33: 128-35.

Fiore M, Leone S, Maraolo A, et al. Liver illness and psoriatic
patients. Biomed Res Int 2018; 2018: 3140983.
Wojcik-Maciejewicz A, Sawinska E, Reich A. Risk of cardio-
vascular diseases in psoriasis — the current state of knowl-
edge. Dermatol Rev 2019; 106: 495-506.

Santos-Juanes J, Coto-Segura P, Fernandez-Vega |, et al. Pso-
riasis vulgaris with or without arthritis and independent of
disease severity or duration is a risk factor for hypercholes-
terolemia. Dermatology 2015; 230: 170-6.

Orem A, Cimsit G, Deger O, et al. The significance of autoan-
tibodies against oxidatively modified low-density lipoprotein
(LDL) in patients with psoriasis. Clin Chim Acta 1999; 284:
81-8.

Meijer K, de Vries M, Al-Lahham S. Human primary adipo-
cytes exhibit immune cell function: adipocytes prime in-
flammation independent of macrophages. PLoS One 2011;
6: €17154.

Socha M, Pietrzak A, Grywalska E, et al. The effect of statins
on psoriasis severity: a meta-analysis of randomized clinical
trials. Arch Med Sci 2019; 16: 1-7.

Advances in Dermatology and Allergology 4, August/2022

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Cao A, Wu M, Li H, et al. Janus kinase activation by cyto-
kine oncostatin M decrease PSCK9 expression in liver cells.
J. Lipid Res 2011; 52: 518-30.

Luan C, Chen X, Zhu Y, et al. Potentiation of psoriasis-like in-
flammation by PCSK9. J Investig Dermatol 2019; 39: 859-67.
Krahel J, Baran A, Kaminski T, et al. Methotrexate decreases
the level of PCSK9 —a novel indicator of the risk of proath-
erogenic lipid profile in psoriasis. The Preliminary Data. J Clin
Med 2020; 26: 9.

Garshick M, Baumer Y, Dey A, et al. Characterization of
PCSK9 in the blood and skin of psoriasis. J Invest Dermatol
2021; 14: 308-15.

Urowitz M, Bookman A, Koehler B, et al. The bimodal
mortality pattern of systemic lupus erythematosus. Am
J Med 1976; 60: 221-5.

Wilhelm A, Major A. Accelerated atherosclerosis in SLE:
mechanisms and prevention approaches. IntJ Clin Rheum-
tol 2012; 7: 527-39.

Frieri M, Stampfl H. Systemic lupus erythematosus and ath-
erosclerosis: review of the literature. Autoimmun Rev 2016;
15:16-21.

Schanberg L, Sandborg C, Barnhart H, et al. Use of atorvas-
tatin in systemic lupus erythematosus in children and ado-
lescents. Arthritis Rheum 2012; 64: 285-96.

van Leuven S, Mendez-Fernandez Y, Wilhelm A, et al. Myco-
phenolate mofetil but not atorvastatin attenuates athero-
sclerosis in lupus-prone LDLr(-/-) mice. Ann Rheum Dis 2012;
71: 408-14.

Fang C, Luo T, Chen X, et al. Elevation of serum proprotein
convertase subtilisin/kexin type 9 (PCSK9) concentrations
and its possible atherogenic role in patients with systemic
lupus erythematosus. Ann Transl Med 2018; 6: 452.

Liu A, Rahman M, Hafstrom |, et al. Proprotein convertase
subtilisin kexin 9 is associated with disease activity and is
implicated in immune activation in systemic lupus erythe-
matosus. Lupus 2020; 29: 825-35.

Sabatine M, Giugliano M, Wiviott S, et al. Efficacy and safety
of evolocumab in reducing lipids and cardiovascular events.
N EnglJ) Med 2015; 372: 1500-9.

Lloyd-Jones D, Morris P, Ballantyne C, et al. 2016 ACC
Expert Consensus decision pathway on the role of non-
statin therapies for LDL-cholesterol lowering in the manage-
ment of atherosclerotic cardiovascular disease risk: a report
of the American College of Cardiology Task Force on Clinical
Expert Consensus Documents. ] Am Coll Cardiol 2016; 68:
92-125.

Robinson J, Farnier M, Krempf M, et al. Efficacy and safety
of alirocumab in reducing lipids and cardiovascular events.
N EnglJ) Med 2015; 372: 1489-99.

Cannon C, Cariou B, Blom D, et al. Efficacy and safety of
alirocumab in high cardiovascular risk patients with inad-
equately controlled hypercholesterolaemia on maximally tol-
eraed doses of statins: the ODYSSEY COMBO Il randomized
controlled trial. Eur Heart J 2015; 36: 1186-94.

Landlinger C, Pouwer M, Juno C, et al. The ATO4A vaccine
against proprotein converase subtilisin/kexin type 9 reduces
total cholesterol, vascular inflammation, and atherosclerosis
in APOE*3Leiden.CETP mice. Eur Heart ) 2017; 38: 2499-507.
Robinson J, Farnier M, Krempf M, et al.; the ODYSSEY LONG
TERM investigators. Efficacy and safety of alirocumab in re-
ducing lipids and cardiovascular events. N EnglJ Med 2015;
372:1489-99.

649



Aleksandra Fratczak, Karina Polak, Michat Szczepanek, Anna Lis-Swiety

53.

54.

55.

56.

650

Blom D, Djedjos C, Monsalvo M, et al. Effects of evolocumab
on vitamin e and steroid hormone levels: results from the
52-week, phase 3, double-blind, randomized, placebo-con-
trolled DESCARTES study. Circ Res 2015; 117: 731-74.
Sabatine M, Giugliano R, Keech A, et al.; FOURIER Steering
Committee and Investigtors. Evolocumab and clinical out-
comes in patients with cardiovascular disease. N Engl) Med
2017; 376: 1713-22.

Kanda N, Okajima F. Atopic dermatitis-like rash during evo-
locumab treatment of familial hypercholesterolemia. J Nip-
pon Med Sch 2019; 86: 187-90.

Civeira F, Perez-Calahorra S, Mateo-Gallego R. Rapid resolu-
tion of xanthelasmas after treatment with alirocumab. J Clin
Lipidol 2016; 10: 1259-61.

Advances in Dermatology and Allergology 4, August/2022



