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Abstract: Psoriasis is a chronic inflammatory cutaneous disease with multifactorial pathogenesis involving both genetic and
environmental factors as well as the innate and acquired immune response. Several triggering factors may exacerbate or worsen the
disease. In this context, we performed a review manuscript with the aim of investigating current literature on psoriasis risk factors, also
showing possible mechanisms by which they act on psoriasis. Globally, risk factors can be divided in classic risk factors (eg,
mechanical stress, infections and dysbiosis of the skin, common drugs, environment and pollution, lifestyle, psychological stress,
hormonal and metabolic alterations) which have long been known to be responsible for worsening and/or reoccurrence of psoriatic
manifestations, and emerging risk factors (eg, biological drugs, immunotherapy for oncologic disease, Covid-19, and vaccines) defined
as those newly identified risk factors. Accurate patient information and monitoring of risk factors as well as planned follow-ups may
help to prevent and treat the worsening of psoriasis and consequently improve the quality of life of psoriatic patients.
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Introduction

Psoriasis is a chronic inflammatory cutaneous disease affecting up to 3% of the worldwide population.' Clinically,
psoriasis vulgaris is the commonest phenotype affecting 85-90% of psoriasis patients and characterised by sharply
demarcated erythematous plaques, usually involving the extensor surface of elbows and knees, lower back, scalp and
umbilical areas, but any skin surface can be involved.” Psoriasis prevalence varies in different countries around the world
and is affected by ethnicity, genetic background and environmental factors.’

Several diseases can be associated with psoriasis, making this condition a systemic disorder. Indeed, it is estimated
that 20-30% of psoriasis patients will develop psoriatic arthritis (PsA),* as well as several studies have reported
association between psoriasis, PsA and Inflammatory bowel disease (IBD).” Similarly, psoriasis patients also have an
increased risk of developing metabolic syndrome (MetS),® and type 2 diabetes.”

Psoriasis has multifactorial pathogenesis involving both genetic and environmental factors as well as the innate and
acquired immune response.

Globally, the interleukin (IL)-23/17 signalling pathway stands out as the primary pathogenic mechanism.® Environmental
triggers or breakdowns in self-tolerance, possibly through autoantibodies, stimulate plasmacytoid dendritic cells (DCs) to
secrete tumor necrosis factor-alpha (TNF-a) and interferon-alpha (IFN-a).® These inflammatory cytokines then activate
myeloid DCs to release IL-23 and IL-12.2 IL-23 fosters the proliferation of T helper (Th) 17 and Th22 cells, amplifying the
production of IL-17 and IL-22, respectively.” Meanwhile, IL-12 prompts the differentiation of Th1 cells, which produce IFN-y
and TNF-q, further fueling the inflammatory cascade.’

In regard to genetic factors which may affect psoriasis development and severity, several genetic markers and
susceptibility loci have been identified.> Among these, HLA-Cw6, which is part of the major histocompatibility complex
(MHC) on chromosome 6, is the major genetic risk factors reported.” Indeed, variants of the human leukocyte antigen-C
(HLA-C) gene, particularly the HLA-Cw6 allele, have been strongly associated with psoriasis susceptibility. Moreover,
the PSORS1 locus on chromosome 6p21.3 is the major genetic determinant of psoriasis susceptibility outside of the HLA
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region.> Other genetic markers and susceptibility loci include variants of IL-23R, variants of IL12B, variants in the
TNFAIP3-interacting protein 1 (TNIP1) gene, variants in the late cornified envelope (LCE) gene cluster, variants in the
caspase recruitment domain family member 14 (CARD14) gene, etc.’

Psoriasis flare refers to a sudden worsening or exacerbation of psoriasis symptoms.® In this scenario, several
triggering factors may exacerbate or worsen the disease.® The knowledge on this risk factors is important to control
psoriasis. Therefore, we performed a review manuscript with the aim of investigating current literature on psoriasis risk

factors, also showing possible mechanisms by which they act on psoriasis.

Materials and Methods

The current narrative review was conducted using the PubMed, Google Scholar, Cochrane Skin, MEDBASE and Embase
databases until February 2024. The search was performed by combining the terms ‘psoriasis’ AND ‘flares’ AND “triggers”
AND/OR “exacerbation” and involved all fields, including title, keywords, abstract and full text. Real-life studies, reviews,
meta-analyses, case series, case reports and letters to the editor on factors contributing to flare-ups of psoriatic manifesta-
tions were chosen to be investigated. Non-English literature was excluded. The review is based on previously published
articles and does not include studies with human or animal participants performed by any of the authors.

Results

Risk factors that can trigger or exacerbate psoriasis are classically divided into extrinsic and intrinsic.> The former
include external mechanical stress, infections, medications, lifestyle, environment and pollution; the intrinsic include
psychological stress, hormonal and metabolic alterations, and dysbiosis of the skin and intestinal microbiota.” However,
another possible classification is between classic and emerging risk factors for psoriasis flare-ups. Classic risk factors
have long been known to be responsible for worsening and/or reoccurrence of psoriatic manifestations; emerging risk
factors are defined as those newly identified risk factors being represented by newly developed drugs and vaccines or
newly identified infectious agents.

Classic Risk Factors for Psoriasis Flares
Classic risk factors for psoriasis flares are summarized in Table 1.

Mechanical Stress

In patients with psoriasis, various types of traumas to sites not involved in psoriatic lesions can cause them to appear.
This phenomenon is called reactive isomorphism or Koebner’s phenomenon, which is characteristic but not specific or
even constant in psoriasis. The underlying mechanism is not fully elucidated, but undoubtedly, as a result of the trauma,
there is an increased production of cathelicidin LL-37, an antimicrobial peptide that increases in response to damage and
forms complexes with genetic material from the damaged cells themselves, which in turn stimulate plasmacytoid
dendritic cells to secrete type 1 interferons (IFN), such as IFN-a and IFN-B.° These are crucial for the proliferation of
basal keratinocytes and in increasing Nerve Growth Factor (NGF) with consequent angiogenesis and activation of
memory T-cells resident in the affected tissue, which is followed by the development of the psoriatic lesion.'”
A characteristic example that can induce this phenomenon is tattooing. It is not uncommon for a patient with psoriasis
to ask their dermatologist if they can undergo this practice, in which case the patient should be reminded that they are
exposing themselves to a potential risk of inducing new lesions at the site of the tattoo.!' Not only trauma can induce this
phenomenon but also other factors such as radiotherapy,'? the use of masks,'* injections,'* ultraviolet (UV) radiation. For
the latter, it should be mentioned that UV radiation is often used as a therapeutic weapon against psoriasis through
phototherapy, particularly nb-UVB. There is, however, a minority of psoriatic patients who manifest a pronounced
photosensitivity, with the disease rebounding or worsening during the summer months, mainly affecting photo-exposed
sites, such as the face, neckline, back of the hands and scalp in bald subjects.'”
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Table | Classic Risk Factors for Psoriasis Development

Classic Risk Factors

Definition

Mechanism of Action

Mechanical stress

Various types of trauma to sites not involved
in psoriatic lesions can cause them to appear.
This phenomenon is called reactive

isomorphism or Koebner’s phenomenon

Increased production of cathelicidin LL-37, an antimicrobial
peptide that increases in response to damage and forms
complexes with genetic material from the damaged cells
themselves, which in turn stimulate plasmacytoid dendritic

cells to secrete type | interferons (IFN)

Infection and dysbiosis

S. Pyogenes, S. Aureus, Candida spp, Malassezia
spp, EBV, VZV, CMV, HIV.

Hyperactivation of the immune system

Environment and pollution

CgHe, CO, PMI0, PM2.5, cadmium

Oxidative stress with formation of ROS which damage

cellular structures and hyperactivate the immune system

Lifestyle

Smoking, alcohol, obesity

Increase in inflammatory cytokines and innate immunity

Common drugs

Lithium, beta-blockers, synthetic antimalarial

drugs, antibiotics (especially tetracyclines),

Drug-induced decrease of intracellular cAMP levels, resulting

in increased cell proliferation and lack of differentiation

ACE inhibitors, and interferons

Psychological stress State of worry or mental tension caused by Disturbance of the hypothalamic-pituitary-adrenal axis with

a difficult situation reduced cortisol response to stress that has been observed
in patients with psoriasis, with generally lower cortisol levels
compared to higher levels of adrenaline and

adrenocorticotropic hormone

Hormonal and metabolic alterations Reduction in blood levels of estrogen and Increase in inflammatory cytokines and innate immunity

progesterone, increase in FFAs

Infections and Dysbiosis of the Skin

S. pyogenes infection is associated with the onset of guttate psoriasis, especially in adolescents or young adults. Sore
throat and serum evidence of S. pyogenes infection are present in about two-thirds of patients with guttate psoriasis.'®
The underlying mechanism is believed to be based on bacterial superantigens that stimulate the proliferation of T cells,

1.'® Another theory concerns the peptidoglycan of the

without prior intracellular processing by an antigen-presenting cel
bacterium’s cell wall, fragments of which are transported from macrophages or dendritic cells in the tonsils to T cells
resident in the skin, resulting in a pro-inflammatory response from them.'® Dysregulation of the skin microbiota is
another factor related to psoriasis, as evidenced by the presence of S. Aureus in the psoriatic lesions of 60% of the
affected population, compared with 5-30% of the population with healthy skin.” The increased presence of this bacterium
is associated with a reduction in S. epidermidis and Propionibacterium acnes, compared to healthy patients.’
Furthermore, in patients with psoriasis, a higher presence of Firmicutes was observed in the skin lesions than
Actinobacteria, which was higher in the skin of healthy subjects.” Although the significance of these alterations in the
microbiota is unknown, it is believed that leads to an increase in skin T-cells conducted by IL-17 and IL-22, a hypothesis
similar to that of the role of the intestinal microbiota in Crohn’s disease.'’ Regarding mycoses, the literature indicates
a higher OR of colonisation by Candida in patients with psoriasis compared to controls;'® in addition, a meta-analysis
observed that in patients with psoriasis, Candida colonization of the oral mucosa is greater than in controls.'® Finally,
a possible association between psoriasis and colonisation by Malassezia spp. has been proposed, especially on the scalp,
as this yeast is able to upregulate the expression of keratinocytes. In fact, it has been shown that there is a positive
correlation between the amount of Malassezia in the lesions and the severity of psoriasis.'® Another well-known
association is that between psoriasis and HIV infection, which may result in the onset of the disease de novo or its
exacerbation. It should be remembered that this is a paradoxical phenomenon since psoriasis is a T-cell-mediated disease,
whereas HIV infection is characterized by the decrease of TCD4+ cells, so the mechanisms involved in this association
are unclear. Probably, the neuropeptide substance P that is released by immune cells infected with this virus is
responsible for the stimulation of keratinocytes and the inflammatory response underlying psoriatic lesions.” Among
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viruses, a 2020 study of 66,274 human papillomavirus (HPV) patients showed an increased prevalence of psoriasis
among infected patients compared to healthy ones.?’ Other viruses are involved with the exacerbation of psoriasis, such
as Epstein-Barr virus, Varicella zoster virus and Cytomegalovirus.” Regarding SARS-CoV-2, given its recent time of
emergence, please refer to the section on emerging risk factors.

Common Drugs

Drugs may induce the appearance of psoriasis in genetically predisposed individuals or those without a family history
of psoriasis, in other cases they may lead to the appearance of psoriatic lesions on previously healthy skin in psoriatic
patients, or they may cause a re-exacerbation of existing psoriatic lesions. Drug-induced psoriasis flare-ups can be
caused by numerous classes of drugs, both drugs taken occasionally for acute conditions and drugs taken for chronic
co-morbidities of the patient. Drugs with a closer causal relationship to psoriasis flare-ups include lithium, beta-
blockers, synthetic antimalarial drugs, antibiotics (especially tetracyclines), ACE inhibitors, and interferons.?! Lithium
salts are indicated for the treatment of bipolar disorder and other psychiatric disorders. Psoriasis is the most frequent
skin side effect caused by lithium therapy.?* The mechanism by which lithium is able to induce psoriasis flare-ups is
not fully known but would appear to be attributable to reducing intracellular cAMP levels and blocking cell
differentiation.® Beta-blockers are usually administered for hypertension, ischemic heart disease, arrhythmias and
heart failure and are among the drugs most often responsible for psoriasis flare-ups. Beta-adrenergic receptors are
present in the skin and their blockade leads to decreased intracellular cAMP levels, resulting in increased cell
proliferation and lack of differentiation, as observed in psoriasis.”* Synthetic antimalarial drugs (chloroquine, hydro-
xychloroquine) are frequently reported as causative agents of psoriasis flare-ups. The mechanism by which synthetic
antimalarials induce a flare-up of psoriasis would appear to be related to altering the activity of enzymes involved in
epidermal cell proliferation, such as transglutaminase.> The role of antibiotics in the course of psoriasis is con-
troversial. Although in the literature some authors report a beneficial effect on psoriasis by antibiotics such as

2627 psoriasis flare-ups have often been reported in patients treated with

rifampicin, penicillin and erythromyecin,
tetracyclines.”® Tetracyclines probably cause psoriasis flare-ups by reducing intracellular cAMP levels.”®
A significant correlation between ACE inhibitor therapy and psoriasis flare-ups has been demonstrated. The mechan-
ism is not entirely clear and appears to be a correlation between ACE gene polymorphism and the risk of psoriasis.?’
Finally, there are case reports in the literature of psoriasis flare-ups following therapy with recombinant IFN-a2b and
IFN-gamma for hepatitis C.**'

Environment and Pollution

Air pollution is due to the modification of its natural conditions by biological, chemical or physical agents. The main
pollutants are benzene (C¢Hg), carbon monoxide (CO), fine particulate matter with diameter <2.5 um (PM2.5) and coarse
PM with diameter 2.5-10.0 pm (PM10).** Several studies establish the negative influence of environmental pollution on
the skin. This is due to oxidative stress caused by the molecules mentioned above, which leads to the formation of ROS
and free radicals that damage cellular structures and stimulate the release of inflammation mediators. Acne and atopic
dermatitis are two examples of skin conditions worsened by air pollution.” Regarding psoriasis, studies are also available
in the literature asserting the negative influence of environmental pollutants on this disease. In a cohort of 369 patients
with psoriasis flares, it was observed that the concentration of pollutants in the 60 days prior to the flare was significantly
higher than in controls, with an odds ratio (OR) of 1.55 and 1.25 for mean PM10 exposure over 20 pg/m3 and mean
PM2.5 over 15 pg/m3, respectively.®? Liaw et al studied the effects of exposure to cadmium, another environmental
pollutant that can influence immune system activity and increase markers of inflammation. The study included 5297
participants, 2.5% of whom had psoriasis, and their blood levels of cadmium were assessed. Patients with psoriasis not
only had higher cadmium levels than controls (0.67 vs 0.52 pg/L), but these also correlated positively with disease
severity and predisposed to its worsening.*?

Lifestyle
Cigarette smoking is an independent risk factor for psoriasis. An analysis of 2410 patients with psoriasis compared those
who had never smoked, former smokers and current smokers. A relative risk of 1.39 was established for former smokers
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compared to never smokers and 1.94 when compared to current smokers.>* In addition, a direct proportionality was
determined between the risk of psoriasis and the number of cigarette packs consumed per year and/or the duration of
exposure to smoking.** Concerning alcohol consumption, we know that psoriasis, especially in its severe forms, is related to
psychophysical stress and psychiatric pathologies, which in turn are often associated with alcoholism. In addition to this, it
has been shown how alcohol worsens this disease, increasing inflammation through direct action on keratinocytes through
the formation of reactive oxygen species (ROS) and on the cells of the immune system, with increased production of pro-
inflammatory cytokines such as TNF.>* It should not be forgotten that alcohol reduces patient compliance and adherence to
therapies and doctor’s recommendations, as well as interacting with psoriasis drugs, reducing their efficacy and increasing
their toxicity.>> Diet also influences the risk of developing psoriasis, as obesity, metabolic syndrome, diabetes mellitus and
dyslipidemia are comorbidities that can induce the onset of the disease and/or its exacerbation. In particular, several studies
have shown that weight gain is an important risk factor for psoriasis and that the affected patient population has a higher
average Body Mass Index (BMI) than the general population.® In addition, higher BMI is associated with greater severity
of skin manifestations and less response to systemic therapies.’” Supporting this close association is probably the over-
expression of cytokines in both conditions. Adipose tissue, increased in overweight conditions, is in fact a tissue secreting
pro-inflammatory cytokines, also shared by psoriasis, such as TNFa and IL-6.° Adipokines such as resistin and leptin are
also increased in both overweight and psoriasis patients.>®

Psychological Stress

Although it is described that 26-88% of patients believe that their psoriasis is a consequence of stress and that 54%
remember stressful events associated with the onset of skin manifestations, there is insufficient evidence to establish that
psychological stress is associated with the onset and exacerbation of the disease in an unequivocal manner.>° A systematic
review evaluated six studies with 4744 patients with psoriasis and 10,817 controls and of these only in one study no
differences were observed between the rates of stress disorders preceding the onset of psoriasis, while in the other five,
a pooled OR of 3.4 was established.** Thus, these events may contribute to the worsening and onset of the disease, with
a probable association both in terms of time and severity of manifestations. For example, Evers et al observed that in people
with high levels of stress, exacerbations of psoriasis were more frequent. In addition, an RR of 4.92 was calculated for
psoriasis flares compared to controls among those who were exposed to stressful events.>* Although the exact mechanism is
not known, it is believed that a disturbance of the hypothalamic—pituitary—adrenal axis underlies it. A reduced cortisol
response to stress has been observed in patients with psoriasis, with generally lower cortisol levels compared to higher
levels of adrenaline and adrenocorticotropic hormone. These alterations result in an increase in pro-inflammatory cytokines
such as TNF-o, IL-1 and IL-6 and interferon o (IFN-o), which we know are at the root of psoriatic manifestations.*' Further
evidence in favour of the association between psychological stress and psoriasis is the observation of the favourable effect
on disease progression of regular physical activity. Balato et al observed that in a group of 416 athletes, psoriasis was less
frequent than among the 489 controls with 1.7% vs 5.4%, respectively, despite the presence of familial psoriasis in 9.6% of
both groups. A group of 400 psoriasis patients was also analysed, and it was observed that among these only 11% practised
sport regularly, compared to 21% of the controls. Furthermore, 35 of the 44 psoriasis patients who practised sport reported

that this activity had a positive influence on their disease.*?

Hormonal and Metabolic Alterations

Some dermatological pathologies are influenced by the hormonal alterations underlying the menstrual cycle and are
called catamenial dermatoses. For example, acne is worsened by the peak of androgens that is observed during
menstruation and that stimulate their receptors in the skin by going to stimulate sebum production.** Although there
are fewer studies to support this, psoriasis is also influenced by female sex hormones. In fact, it has been shown that
psoriasis tends to worsen during the menstrual cycle, while its manifestations may even disappear during pregnancy.*’
Murase et al in a case—control study of 47 pregnant and 27 non-pregnant patients with psoriasis observed that a higher
oestrogen/progesterone ratio correlated negatively with the BSA of the skin condition, suggesting a beneficial effect of
oestrogen on psoriasis.** A 2022 paper by Adachi and Honda clarified the immune regulatory role of oestrogens,
showing that they inhibit the production of IL-23 by dendritic cells and, although there is less evidence for this, their
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levels correlate negatively with those of IL-1 and TNF. In addition, it appears that oestrogens also have an inhibitory
effect on keratinocyte activity.*> Of interest, a recent-review on pregnancy-related psoriasis showed that in more than
40% of cases psoriasis improved during pregnancy, whereas a worsening of the disease has been reported in almost 20%
of cases, as well as 21% to 56% of patients remaining stable.*® Finally, more than half of cases worsened in the
postpartum period.*®

Numerous studies have established the close relationship between psoriasis and comorbidities such as metabolic
syndrome or obesity. These diseases are characterised by major metabolic alterations, with changes in lipid and glucose
homeostasis. To what extent can these alterations be associated with psoriasis flares? Herbert et al fed a group of mice
with saturated fatty acids (SFAs) for 20-25 weeks to an obese phenotype and compared them to a control group of mice
fed a low-fat diet. In both groups, psoriasiform lesions were induced with a topical administration of imiquimod and it
was observed that in the group of mice on the high SFAs diet, the skin pathology was more severe and at the molecular
level there were significantly more inflammation mediators and myeloid cell infiltrate. Furthermore, this protocol was
repeated but for only five weeks to induce only the serum increase in free fatty acids without inducing obesity. The
results were essentially confirmed, suggesting that increased blood FFAs can induce psoriasis flares by promoting the
inflammatory changes characteristic of psoriasis, regardless of the presence of obesity.*’

Emerging Risk Factors for Psoriasis Flares
Emerging risk factors are defined as those newly identified risk factors being represented by newly developed drugs and
vaccines or newly identified infectious agents. Emerging risk factors for psoriasis flares are summarized in Table 2.

Biological Drugs: Paradoxical Psoriasis

Since the 2000s, a better understanding of the pathogenetic mechanisms responsible for psoriasis has enabled the
development and marketing of several biological therapies based on monoclonal antibodies directed against key
cytokines in the formation and maintenance of psoriatic plaque. It has been shown that 2—5% of patients with moderate-
to-severe psoriasis treated with biological drugs experience exacerbation of pre-existing psoriatic lesions during the
treatment.*® Therefore, this immune-mediated side effect induced by biological therapy is called paradoxical psoriasis
(PP). Given the central role played by TNF- a in the pathogenesis of psoriasis, TNF- a inhibitors were the first class of
biological drugs approved for the treatment of plaque psoriasis. The first case of PP induced by anti-TNF-a treatment was
described in a patient affected by inflammatory bowel diseases (IBD) in 2004,* and since then, with the ever-increasing
use of anti-TNF-q for the treatment of numerous diseases, numerous other cases have been reported.’®>? It is reported in
the literature that 2—-5% of patients treated with TNF-alpha inhibitors develop PP, with a slight predilection for women

Table 2 Emerging Risk Factors for Psoriasis Development

Emerging Risk Factors | Definition Mechanism of Action

Biological drugs: Paradoxical psoriasis is a drug side effect that results in | The selective inhibition of specific cytokines may

Paradoxical Psoriasis the development of psoriasis during biological therapy inadvertently disrupt the immune balance, leading to the
for different diseases onset or worsening of psoriasis.

Immunotherapy for Anti CTLA4 (Ipilimumab) Anti PD-1 (Nivolumab, Overactivation of Thl, Th17, and Th22 lymphocytes

oncologic disease Pembrolizumab, Cemiplimab) Anti PD-LI secondary to inactivation of the PD | pathway (ICls)
(Atezolizumab, Durvalumab, Avelumab) Sorafenib, Alteration of the balance between the regulatory and the
Imatinib effector function normally carried out by T cells

(Sorafenib, Imatinib)

Covid-19 SARS-CoV-2 infection Binding of SARS-CoV-2 to ACE2 receptors present in
cutaneous blood vessels, epithelial cells of eccrine glands

and the basal layer of hair follicles

Vaccines Influenza vaccine, Pneumococcal vaccine, Td vaccine, Induction of immune response leading to an inflammatory
yellow fever vaccine, COVID-19 vaccine state and activation of the immune system
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and individuals in their fourth to fifth decades.’*>> The onset time of PP from the start of treatment with anti-TNF-o can
vary from one month®® to three years,”’ with an average time of about 11 months.”® Although TNF-alpha inhibitors are
the biological drugs most frequently responsible for PP, cases have also been reported for IL-17/17R (Secukinumab,
Ixekizumab, Brodalumab), IL-12/23 (Ustekinumab), and IL-23 inhibitors (Risankizumab, Guselkumab).?® The etiology
of paradoxical psoriasis is not fully understood. Unlike classic idiopathic psoriasis, paradoxical psoriasis appears to be
mediated by the overexpression of plasmacytoid dendritic cells (pDCs)-derived IFN-a without T-cell induction.®® Several
studies have shown that patients suffering from autoimmune diseases and treated with anti-TNF-alpha presented an
increase in IFN-a levels after treatment.®’** According to this, in PP the inhibition of TNF-o results in the dysmaturity of
DCs and sustained production of IFN-a leading to a persistent type 1 IFN-mediated inflammation without the developing
of a T-cell-mediated autoimmune process like in classic idiopathic psoriasis.’® The pathogenetic mechanisms responsible
for PP in patients treated with biological drugs of a different class than TNF-alpha inhibitors are less well understood. It
is hypothesized that the selective inhibition of specific cytokines may inadvertently disrupt the immune balance, leading
to the onset or worsening of psoriasis. Furthermore, recent insights from pharmacogenetic studies suggest a crucial role
of single-nucleotide polymorphisms (SNPs) that can predispose to adverse events. For instance, genetic variants of the
IL-23R have been associated with paradoxical psoriasiform reactions in patients treated with anti-TNF agents.®® In
conclusion, PP seems to be a multifactorial condition and several studies suggest that additional risk factors are active
smoking, psychological stressors, and a family history of psoriasis. The clinical presentation of PP can be variable,
although clinical manifestations tend to be similar to classic idiopathic psoriasis. The most frequent clinical types are
plaque, pustular, guttate, palmoplantar and inverse psoriasis.'® Scalp involvement is also frequent, while nail involvement
is described less frequently than in idiopathic psoriasis and may present with pitting, onycholysis and discoloration.®* PP
management is still challenging. A personalized approach is always desirable, taking into account the severity of
paradoxical psoriasis, the patient’s general health status and the effectiveness of the biologic drug in treating the primary
disease. Skin-directed therapy is a reasonable initial strategy except in severe cases.>

Immunotherapy for Oncologic Disease

The increasing availability of antineoplastic drugs allows nowadays a targeted therapy in the neoplastic patient. However,
modern antineoplastic drugs often exhibit skin toxicity. Among them, immune checkpoint inhibitors (ICIs) are often
responsible for immune-related cutaneous adverse events that can also manifest themselves with the appearance of de
novo psoriasis or with the reactivation of a pre-existing psoriasis.®> ICIs commonly include Cytotoxic T-Lymphocyte
Antigen-4 (CTLA-4) inhibitors (Ipilimumab), programmed cell death 1 (PD-1) inhibitors (Nivolumab, Pembrolizumab,
and Cemiplimab), and programmed cell death ligand 1 (PD-L1) inhibitors (Atezolizumab, Durvalumab and Avelumab). ICIs
have been utilized successfully in patients with metastatic melanoma, renal cell carcinoma, head and neck cancers and non-
small lung cancer.’® Several cases of psoriasis flare-ups in neoplastic patients treated with ICIs are reported in the
literature.®”~”” The mechanism by which ICIs would be responsible for this adverse event appears to be attributable to an
overactivation of Thl, Th17, and Th22 lymphocytes secondary to the inactivation of the PD1 pathway.”® It should be

underlined that psoriasis flares were manageable with standard psoriasis treatments and few required ICI discontinuation.”

Small molecules, like imatinib and sorafenib, are also reported among the drugs that can cause psoriasis flare-ups.***!
Although there are fewer reports in the literature for imatinib and sorafenib than for ICIs, these drugs can block signaling
pathways in regulatory T cells, thus altering the balance between the regulatory and the effector function normally carried

out by T cells, favoring the onset and/or reactivation of psoriasis.®*

Covid-19

The COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-2, has had a profound impact on global health
and daily clinical practice.®*** COVID-19 is a highly contagious respiratory tract infection caused by SARS-CoV-2.
SARS-CoV-2 infection, in addition to being able to cause severe bilateral pneumonia with a poor prognosis in the weaker
sections of the population, can also be associated with manifestations of dermatological interest.*> The incidence of
cutaneous manifestations secondary to the SARS-CoV-2 infection is between 4% and 20.4%.%° The dermatological
manifestations associated with COVID-19 most frequently described in the literature include maculopapular eruptions,
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urticarial eruptions, vesicular eruptions, chilblain-like lesions and livedo or necrosis.*” COVID-19 can also lead to flare-
ups of chronic inflammatory skin diseases such as atopic dermatitis and psoriasis.®®* Indeed, COVID-19 infection can
trigger a systemic inflammatory state that can alter the delicate cytokine balance and lead to a flare-up of pre-existing
psoriasis. Wang et al showed that psoriasis and SARS-CoV-2 infection negatively influence each other. In the analysed
population (3581 patients), the rate of COVID-19 infection was significantly higher in psoriatic patients than in those
without psoriasis (89.59% vs 77.93%, p < 0.0001), and the rate of relapse and/or worsening of psoriasis was also higher
in psoriatic patients with SARS-CoV-2 infection than in those without (75.29% vs 47.75%, p < 0.0001).”° Aram et al
found that flares of psoriasis were common after COVID infection, but many cases were attributed to the use of anti-
malarial drugs or discontinuation of psoriasis therapy after SARS-CoV-2 infection.”’ COVID-19-induced psoriasis flare-
ups would appear to be related to the binding of SARS-CoV-2 to angiotensin-converting enzyme-2 (ACE2) receptors
present in cutaneous blood vessels, epithelial cells of eccrine glands and the basal layer of hair follicles.’? Furthermore,
psoriasis was also associated with higher levels of ACE2 than the general population, and this could explain the
association between psoriasis and COVID-19 infection.”?

Vaccines
Vaccination is an uncommon trigger for psoriasis flares. Before the COVID-19 pandemic, cases of psoriasis flare-ups were
reported following vaccination for influenza, pneumococcal pneumonia, tetanus and diphtheria, and yellow fever.”* ¢
Due to the high transmissibility of SARS-CoV-2 preventive measures like wearing masks, physical distancing was
necessary, and in this context, COVID-19 vaccination was the main measure to overcome the pandemic.”” The European
Medicines Agency (EMA) approved four vaccines based on two different mechanism of action: mRNA vaccines (Pfizer/
BioNTech; BNT162b2 and Moderna; mRNA-1273) and viral vector-based vaccines (AstraZeneca, AZD1222 and
Johnson & Johnson; Ad26.COV2.S).”® Several cutaneous adverse reactions have been described in patients receiving
COVID-19 vaccination, and in particular cases of psoriasis occurring de novo or psoriasis flare-ups have been
reported.””'*’ Relapses of psoriasis have been described for all available vaccines, although most cases occurred after
vaccination with the mRNABNT162b2 vaccine, followed by AZD1222 and mRNA-1273.""! In addition, worsening of
psoriasis was described after any dose of vaccine,'”' and no difference was shown between patients receiving homo-
logous vaccination and those receiving heterologous vaccination.'? In most cases, patients developed a flare of plaque
psoriasis, followed by guttate and pustular psoriasis, but cases of flares presenting with erythrodermic psoriasis or even
with palmoplantar and nail involvement were also described.'®’ The mechanism responsible for the exacerbation of
psoriasis in patients receiving COVID-19 vaccination is not fully understood. It is well known that vaccines induce an
immune response that results in an inflammatory state and activation of the immune system.'® Stimulation of the
immune system by the vaccination can involve plasmacytoid and dermal myeloid dendritic cells which may be a trigger
for the psoriasis cascade. Furthermore, vaccinations can also activate the production of IL6, which may be a trigger for
Th17 cells to produce IL22, which itself stimulates keratinocyte proliferation.'® Finally, all of the cases have been
successfully treated with topical or systemic medications, including biologics,'®" and considering the overall benefit—risk
profile of COVID-19 vaccination, there is no reason to discourage psoriatic patients to attend vaccination.

Discussion

Psoriasis is nowadays recognized as a systemic inflammatory disease with a complex pathogenesis.'®* Psoriasis occurs as
the interaction of intrinsic genetic factors and environmental endogenous and exogenous risk factors which act as triggers
for the clinical manifestations of psoriasis.

The aim of our manuscript was to review current literature on psoriasis risk factors, also investigating possible
mechanisms by which they act on psoriasis. Globally, risk factors may be divided into classic risk factors, which have
long been known to be responsible for worsening and/or reoccurrence of psoriatic manifestations, and emerging risk
factors, defined as those newly identified risk factors.

Classical risk factors include mechanical stress, infections and dysbiosis of the skin, common drugs (lithium, beta-
blockers, synthetic antimalarial drugs, antibiotics, ACE inhibitors, and interferons), environment and pollution, lifestyle,
psychological stress, hormonal and metabolic alterations.
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On the contrary, emerging risk factors comprise biological drugs (paradoxical psoriasis), immunotherapy for
oncologic disease, Covid-19, and vaccines.

Prevention of psoriasis onset or its worsening is one of the most difficult challenges for dermatologists. As reported
before, there are several risk factors that can act as triggers for psoriatic flare-ups. The elimination of the triggering
factors is important for controlling the disease. A correct lifestyle, deletion of bad habits such as smoking, alcohol and
high-calorie diets as well as some practices such as tattooing and piercing are often required to avoid flare-ups. In
addition, psoriasis is also linked to air pollution. Stricter regulations of pollution could reduce its role in the pathogenesis
of psoriatic disease. Moreover, the exacerbation of psoriasis induced by drugs can be avoided by clinicians’ knowledge.
However, several factors interact with each other and may directly and/or indirectly affect psoriasis course. Certainly,
further studies will allow to establish possible preventive options in order to provide patients personalized treatment
strategies and personalized care plans.

To sum up, accurate patient information and monitoring of risk factors as well as planned follow-ups may help to
prevent and treat the worsening of psoriasis and consequently improve the quality of life of psoriatic patients.
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