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Adverse events of biologic therapy in psoriasis

Abstract

This doctoral thesis focuses on psoriasis vulgaris and its therapy, especially biologic agents
and their safety profiles. The objectives of this research were to identify prognostic factors
of severe psoriasis, compare the safety profiles of different therapy types (topical
compounds, non-biologic systemic agents and biologic agents) and those of biologic agents
themselves (adalimumab, etarnecept, infliximab, secukinumab, ustekinumab). A total of 289
psoriatic patients were followed up for 30 months; these were divided into 3 groups
according to therapy type. Comorbidities, epidemiological parameters, and rates of adverse
events were compared between the three groups and, also, between each of the 5 biologic
agents, and the data were statistically analysed. It was concluded that psoriasis severity is
directly related to an increased risk of cardiovascular disease, depression, hyperuricemia,
and nonspecific noninfectious liver disease. Male gender, increased height, early age at
disease onset, viral upper respiratory infections and periods of hormonal changes seem to be
prognostic of higher levels of psoriasis severity. When comparing therapy types, biologic
agents were the most effective therapies; however, they were associated with higher rates of
adverse events and treatment discontinuation. A higher incidence of adverse events was
observed among adalimumab- and infliximab-treated patients, with ustekinumab found to
have the safest profile. Our results demonstrate that a personalized approach, including
evaluation of a patient’s risk profile, is necessary before commencing a biologic. Further

research is warranted to confirm the findings of this study.

Keywords
adalimumab, biologic agents, etarnecept, infliximab, psoriasis prognostic factors, psoriasis

vulgaris, safety profile of biologic agents, secukinumab, ustekinumab



Nezadouci ucinky biologické 1é¢by psoriazy

Abstrakt

Disertacni prace je zamétena na psoridzu vulgaris, jeji terapii, zejména na biologicka 1é¢iva
a jejich bezpecnostni profil. Cilem vyzkumu bylo stanovit prognostické faktory tézkeé
psoridzy, porovnat bezpeCnostni profil riznych typa terapie psoridazy (topickd 1écba,
nebiologicka systémova 1é¢iva a biologické prepardty) a vzajemné porovnat jednotlivé
biologické preparaty (adalimumab, etarnecept, infliximab, secukinumab, ustekinumab).
Sledovali jsme 30 mésicti 289 pacientd s psoriazou; podle typu 1écby byli rozdé€leni do 3
skupin. U jednotlivych skupin pacienti lécenych biologickymi 1é€ivy jsme porovnavali
komorbidity, epidemiologické parametry a cetnost nezaddoucich ucinki. Data jsme
statisticky ~analyzovali. Zjistili jsme, zZe zavaznost psoridzy zvySuje riziko
kardiovaskularnich onemocnéni, depresi, hyperurikemii a nespecifické neinfekéni
onemocnéni jater. Vysledky naznacuji, ze muzZské pohlavi, vyssi télesnd vyska, manifestace
onemocnéni v mlad$im véku, virové infekce hornich cest dychacich a obdobi hormonalnich
zmeén jsou prognostickymi rizikovymi faktory pro zdvazné formy psoridzy. Lécba psoridzy
byla nejucinnéjsi biologickymi prepraty, provazela ji vySSi mira nezddoucich ucinkl a
nutnost pferuseni lécby. Vyssi vyskyt nezddoucich ucinkd byl pozorovan u pacientl
naznacuji, ze pted zahajenim biologické 1€cby je nezbytny personalizovany ptistup, vCetné

vyhodnoceni rizikového profilu pacienta. Vysledky studie vyzaduji dalsi vyzkum.

Klicova slova: adalimumab, biologicka 1écba, etarnecept, infliximab, prognostické faktory
psoridzy, psoriaza vulgaris, bezpecnostni profil biologicych preparatii, secukinumab,

ustekinumab.
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Background

Psoriasis vulgaris is a chronic inflammatory skin disease with a prevalence estimated to be
1.5-4.7%. It is considered a non-infectious inflammatory T-cell-mediated disease
characterized by dysregulation of our immune system. Although known to have a
multifactorial etiopathogenesis, genetics seems to play a big role. It presents with a variety
of clinical manifestations: the skin can be affected to a small or large extent; in severe cases,
lesions can cover one’s entire body — a state called erythroderma. In addition to the skin, also
genitals, nails and joints can be affected. Inflammation of the joints due to psoriasis is
referred to as psoriatic arthritis. While usually not endangering patients’ lives, it can

significantly impair their quality of life (Hercogova 2011) (Votrubova et al. 2014).

Today, severe psoriasis is seen as a systemic inflammatory disease associated with an
increased risk of complications such as metabolic syndrome, cardiovascular and
gastrointestinal disease (Votrubova et al. 2014) (Juzlova et al. 2016) (Lotti, Hercogova, and
Prignano 2010). These comorbidities are responsible for further health complications — these
patients live roughly 3—4 years less than psoriasis-free individuals (de Oliveira, Rocha, and

Duarte 2015).

Different types of treatment are available: these are planned depending on where and how
patients are affected (extent of the disease). Topical compounds are usually the first
recommendation for the less severe forms of the disease (corticosteroids, keratolytics,
usually in the form of ointments, gels, body lotions, etc.). The main advantage of this type
of treatment is good tolerability, minimal systemic absorption, thus reducing the risk of
possible systemic adverse events (AEs). For more severe cases, so-called conventional
systemic drugs or non-biologic systemic agents (in the form of tablets or injections) might
be recommended — the most common drugs given in the Czech Republic are methotrexate,
cyclosporine and acitretin. Biologic agents (BAs) are reserved for cases where these drugs
have proved ineffective or, exceptionally, where patients did not tolerate them due to the
occurrence of adverse events — currently, BAs are considered the most effective type of

therapy available (Zweegers et al. 2016).
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Detailed research of intercellular signalling molecules and their interactions within the
disease process has led to the development of targeted drugs that act at the subcellular level.
Biologic agents are produced by recombinant DNA technology and represent the latest in
the treatment of psoriasis. Pro-inflammatory cytokines 1L-12, IL-17, IL-23, and TNF-a are
known to play a fundamental role in the pathogenesis of psoriasis, and BAs are directed

against these signalling molecules (Nast et al. 2017a).

However, the high efficacy in the treatment of severe psoriasis and psoriatic arthritis may be
offset by some adverse events. The cytokine TNF-alpha is involved in antimicrobial type 1
immunity, therefore patients treated with these agents can theoretically be at higher risk of
infections, mainly upper respiratory tract infections. The risk of opportunistic infections,
specifically fungal infections, and tuberculosis, is of special concern. In addition, higher rates
of lymphomas, demyelinating disorders and solid tumours have been reported. Interleukin-
17 also seems to mediate the immune responses against bacterial and fungal infections.
Besides, it has been reported to be highly upregulated at sites of inflamed tissues in
inflammatory and autoimmune conditions (Antonelli, Khan, and Magrey 2015). Interleukins
12 and 23 help in driving an adaptive immune response by inducing naive CD4+
lymphocytes to differentiate into Thl and Thl7 cells — these play key roles in the
inflammatory process of psoriasis vulgaris (McKenzie, Kastelein, and Cua 2006). Patients
who are genetically deficient in IL-12/23 and IL-12EB1 may be more susceptible to
mycobacterial, salmonella and Candida infections (Papp et al. 2013). Also, preclinical
studies in murine models have raised awareness of possible tumour promotion when

inhibiting IL-12/23 (Langowski et al. 2006).

Clinical trials report that BA-treated patients are more prone to develop serious infections.
In addition, these are at increased risk of developing hematopoietic, oncological,
neurological, cardiopulmonary, gastrointestinal, immune, and psychiatric disorders
(“Summary of Product Information - Humira (adalimumab),” n.d.) (“Summary of Product
Information - Enbrel (etanercept),” n.d.) (“Summary of Product Information - Remicade
(infliximab),” n.d.) (“Summary of Product Information - Stelara (ustekinumab),” n.d.)
(“Summary of Product Information - Consentyx (secukinumab),” n.d.). Hence, BA-treated

patients should be closely monitored and carefully examined before, during and after

14



treatment discontinuation — physicians should keep in mind that elimination of these agents

may take several months.
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Gaps in research evidence

Severe psoriasis has a significant detrimental effect on patients’ quality of life, affecting not
only their self-esteem, but also their productivity at work (Hercogova 2011) (Sohn et al.
2006). Understanding how different comorbidities and epidemiological factors are related to
psoriasis severity can help in estimating patients’ clinical outcome; in other words, such
factors may help us predict whether a certain patient will be at high risk. Several studies have
reported how some conditions may be associated with severe psoriasis (Duarte and da Silva
2014), (Huang et al. 2010), (Garcia-Diez et al. 2008). Patients’ clinical characteristics (e.g.,
PASI, BSA) at diagnosis and their association with long-term psoriasis prognosis have also
been investigated. To the best of our knowledge, there are no studies using different types
of therapy to stratify psoriasis severity levels, and further identifying direct and independent

prognostic factors of severe psoriasis.

Due to their exceptional efficacy rates, BAs have revolutionized psoriasis therapy. However,
we do know that these agents have toxic effects in the human body, and that such toxicity is
related to an increased incidence of numerous diseases (Sandborn 2010). These can have
unintended effects on our immune function that can compromise host defenses and lead to
serious infections, autoimmune diseases, or malignancies (Eisenberg R 2014), (Teo, Chew,
and Phipps 2016), (Lonial et al. 2016). The literature is scarce in studies directly comparing
the safety profiles of non-biologic systemic agents (NBSAs) with those of BAs (Table 1) —
in fact, all studies published to date have suggested BAs are as safe as NBSA, or even safer.
Apart from clinical trials, there are few real-world, consistent and well-designed long-term
studies on the safety of these agents compared with the other forms of therapy. With the
implementation of longer follow-ups, reports of serious adverse events are slowly emerging
(Kothary et al. 2011). In an era where biologic use is expanding in all fields of medicine and
physicians tend to prescribe them more and earlier in the disease process, it is imperative,
therefore, to be familiar with the benefits as well as the possible serious adverse events

associated with these agents.
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Tab. 1 Main articles comparing the safety profiles of BAs and NSBAs

Number of
patients
References Investigated drugs included Conclusion
in the
study
Cyclosporin, methotrexate o
‘ o No significant safety
Reich K (K. and fumaric acid ester versus .
. _ 2444 differences between
Reich et al. 2015) | (vs) adalimumab, etanercept,
o _ NBSAs and BAs
infliximab, ustekinumab
Increased risk of alterations
of investigations, and
gastrointestinal, nervous
o system, vascular,
Acitretin, methotrexate, ) .
. metabolic, nutrition,
Carretero G cyclosporine, vs ) )
) endocrine, congenital,
(Carretero et al. adalimumab, etanercept, 1956
familial and genetic
2015) infliximab, efalizumab and ) ) )
) disorders in patients treated
ustekinumab .
with NBSAs, overall lower
risk of AE incidence in
patients treated with BAs
vs. NBSAs
) Acitretin, methotrexate, Risk of AEs in patients
Medina C ) . )
' cyclosporine vs adalimumab, treated with BAs was lower
(Medina et al. o 1793 ‘ '
2015) etanercept, infliximab, than in those treated with
efalizumab, ustekinumab NBSAs
. o . BAs demonstrated 4 times
Reich K (Kristian | Methotrexate vs adalimumab
270 as many AE-free response

Reich et al. 2010)

vs placebo

days than NBSAs
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No statistically significant

o difference found in the
Acitretin, methotrexate,

Garber C (Garber . rates of AEs within the
‘ cyclosporine vs adalimumab,
C, Plotnikova N, o nonelderly cohort; in the
etanercept, infliximab, 194
Au SC, Sorensen . elderly cohort there was a
efalizumab, ustekinumab,
EP 2015) higher rate of AEs in

golimumab, certolizumab ‘ ‘
patients treated with CSDs

than with BAs

Acitretin, methotrexate,
CSDs and BAs showed

Piaserico S cyclosporine, PUVA vs
o comparable rates of AE
(Piaserico et al. adalimumab, etanercept, 187
o . incidence among elderly
2014) infliximab, efalizumab and o ]
_ psoriatic patients
ustekinumab

Cyclosporine, methotrexate,

Montes-Torres A ) BAs seem to be safer for
vs adalimumab, etanercept,
(Montes-Torres et 23 HIV psoriatic patients than
infliximab, efalizumab,
al. 2019) CSDs
ustekinumab

AE = adverse events; BA = biologic agent; CSD = conventional systemic drugs; HIV = Human

Immunodeficiency Virus; NBSA = non-biologic systemic agent; PUVA = Psoralen plus ultraviolet A

Despite all concerns regarding BA safety, patients with very severe psoriasis will eventually
need them. Fortunately, the understanding of how the cytokines IL-12, IL-17, IL-23, TNF-
a are involved in the pathogenesis of psoriasis has ushered in a new era in the treatment of
the disease. Based on these findings, a number of drugs targeting each of these cytokines
was developed: adalimumab, etarnecept and infliximab are all anti-TNF-alpha inhibitors,
secukinumab is directed against the cytokine IL-17, while ustekinumab is an anti-IL-12/23
agent (Nast et al. 2017b). Due to their exceptional efficacy, prescription of these agents is
on the rise. Although we do have some information about their safety profiles, most of it
comes from clinical trials (“Summary of Product Information - Humira (Adalimumab),”
n.d.), (“Summary of Product Information - Enbrel (Etanercept),” n.d.), (“Summary of

Product Information - Remicade (Infliximab),” n.d.), (“Summary of Product Information -
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Consentyx (Secukinumab),” n.d.), (“Summary of Product Information - Stelara
(Ustekinumab),” n.d.). However, quite often, the patient populations enrolled in clinical
trials do not always reflect those encountered in our daily clinical practice — they may be of
a different age, suffer from different or multiple comorbidities, and eventually have a
different demographic background (Topaloglu Demir et al. 2020). Thus, it is not always easy
to select a BA to treat a specific patient — a number of factors related to each drug and each
individual patient should be taken in account when making this decision. In this fashion,
comparing the safety profiles of different BAs in real life is essential to improve clinicians’

decision making.
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Objectives of the thesis
Chapter 1

To review the latest available information about the disease called psoriasis vulgaris, its
epidemiology, pathophysiology, clinical picture, classification, diagnostic methods,
associated comorbidities, treatment options — specifically biologic agents — and their

possible related adverse events.

Chapter 2

To study and compare a variety of comorbidities and epidemiological factors of severe
psoriasis; therefore, this research aimed to identify possible trigger and prognostic factors of

severe psoriasis.

Chapter 3

To compare the occurrence of adverse events in three groups of psoriatic patients on different
therapeutic regimens (topical therapy, non-biologic systemic agents, biologic therapy).
Based on this comparison, this study aimed to determine the type of therapy with the lowest

safety profile.

Chapter 4

To investigate and compare possible differences in the occurrence of adverse events in
individual groups of patients with psoriasis treated with different biologic agents (TNF-alpha
inhibitors: adalimumab, etanercept, infliximab; anti-IL-17: secukinumab; and anti-1L-12/23:

ustekinumab).
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Research methods of the thesis

The first chapter is conceptualized as a narrative review of the literature focused on psoriasis
vulgaris and its therapeutic options. Data were acquired using the search engines PubMed,
Embase, and MEDLINE databases, keywords such as “psoriasis”, “psoriasis vulgaris”,
“epidemiology of psoriasis”, “etiology of psoriasis”, “pathogenesis of psoriasis”,

99 ¢ e 1Y 99 ¢

“pathophysiology of psoriasis”, “classification of psoriasis”, “types of psoriasis”, “clinical

29 <¢

picture of psoriasis”, “symptoms of psoriasis”, “diagnosis of psoriasis”, “diagnostic methods

99 ¢¢ 99 ¢¢ 2% ¢C

of psoriasis”, “treatment of psoriasis”, “psoriasis topical therapy”, “psoriasis conventional

2 13 2 13

systemic agents”, “psoriasis systemic non-biologic systemic agents”, “psoriasis biologic
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agents”,

2 ¢¢

adverse events of biologic therapy in psoriasis”, “adalimumab adverse events”,
“etanercept adverse events”, “infliximab adverse events”, “secukinumab adverse events”,
“ustekinumab adverse events”. In order to improve the validity and reliability of collected
data, only studies from journals registered in the Web of Science platform were included.
Studies were excluded if they were in a language other than English. An independent
reviewer (the first author, E.M.) screened titles and abstracts, followed by full-text articles.
Collected data were organized into two parts: the first provides a comprehensive review of

the disease while the second presents a general overview on biologic agents, their use and

possible adverse events.

The remaining three chapters cover a cross-sectional observational study incorporated into
a prospective study, where a population of 289 psoriatic patients was followed up for 29
months. Included were 156 men (54%) and 133 women (46%). Their mean age (in years)
was 48 += 80, BMI 28.3 £ 52.2. A total of 118 patients were on topical therapy
(corticosteroids, keratolytics, vitamin D derivatives, tacrolimus/pimecrolimus and coal tar
or derivatives). Another group of 98 patients used conventional systemic agents or non-
biologic systemic agents: 34 used acitretin, 13 were on cyclosporine and 51 were treated
with methotrexate. The last group included 124 patients: 11 on infliximab, 17 on
secukinumab, 22 on etanercept, 33 on ustekinumab, and 41 on adalimumab. Patients suffered

from different forms of the disease: 227 (78.5%) patients had plaque psoriasis, 130 (45.0%)
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scalp, 112 (38.7%) nail, 23 (8.0%) palmoplantar, 9 (3.1%) inverse, and 1 (0.3%) the guttate

form of the disease.

The only exclusion criteria were unwillingness to participate in the study or use of any agent

for less than 8 weeks.

A variety of comorbidities and epidemiological factors in the 3 groups of psoriatic patients
treated differently was studied: age, gender, phototype, height, weight, BMI, history of skin,
thyroid, gastrointestinal, autoimmune, oncological or rheumatologic diseases, HIV, organ
transplantation, osteoporosis, hyperuricemia, depression, chronic heart failure, dyslipidemia,
hypertension, diabetes mellitus, education level, profession, smoking and alcohol drinking
habits, use of beta-blockers, ACE inhibitors, diuretics, acetylsalicylic acid, statins, proton
pump inhibitors, lithium, antimalarials, nonsteroidal anti-inflammatory drugs, interferon,
benzodiazepines, antidepressants, family history of psoriasis, age at psoriasis onset, possible
trigger factors such as drug use, hormonal changes, stress, trauma, infections, food, alcohol,
weight changes. Patients’ psoriasis treatment history was also explored: study participants
were asked as to whether they been previously treated by their general practitioners or a
dermatologist, whether they had received psychological support to better cope with psoriasis,
used alternative topical compounds, balneotherapy, heliotherapy, topical corticosteroids, tar
compounds, cignolin (ditranol, antralin), localized or systemic phototherapy, non-biologic
systemic agents, biologic agents or whether they had been hospitalized in the past for
psoriasis. Each patient’s history was obtained by means of a questionnaire. We defined
alternative topical therapies as those not mentioned in the respective European
recommendations (Nast et al. 2015) (Nast et al. 2017). Puberty and
perimenopausal/periandropausal periods were considered times of hormonal variations.
Nonspecific noninfectious liver disease was defined as a history of elevated liver
tests/enzymes or ultrasound-documented liver disease (fatty liver disease, steatosis,

steatohepatitis or cirrhosis) of noninfectious etiology within the past 30 months.

Once our study started, all patients were requested to attend regular follow-up visits every
three months. During these visits, detailed records of each patient’s status, disease

progression, and possible adverse events were obtained. Complete physical examinations
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were performed, and body surface area (BSA) plus Psoriasis Area Severity Index (PASI)
scores recorded at each visit. Furthermore, five ml of urine (U) and 12 ml of serum (S) and
plasma (P) each were collected for basic laboratory tests. Patients treated with a biologic
agent were also tested for autoantibodies and Quanti-FERON-TB Gold, followed by annual

lung function tests.

All patients were treated according to the recommendations of the Summary of Product
Characteristics of each drug. During our study, some patients were forced to rotate different
agents within their stratum/type of therapy, while others had to be shifted to a different
therapy type. The most common reasons were drug intolerance or loss of treatment efficacy.
Specifically, 24 (8.3%) of our patients used both systemic non-biologic systemic agents and
biologics during our research period — of these, 9 (3.1%) individuals used acitretin and
methotrexate concomitantly with biologic agents, the remaining 15 (5.2%) were treated with
only one systemic agent at a time. For this reason, our patients were included in as many
groups as many therapy(ies) they had — that is, if a patient was on systemic non-biologic
systemic agents, but was later forced to initiate biologic therapy, then he/she was included
in both groups, that is, “systemic non-biologic systemic agents” and “biologic agents”. All
adverse events and lab results corresponding to each six-month interval were carefully paired

with the type of therapy or the biologic agent used during the very same time interval.

We used Edwards’ definition of adverse events (Edwards and Aronson 2000) (Edwards and
Aronson 2000) and European Medicines Agency’s (EMA) (“Serious Adverse Reaction |
European Medicines Agency” n.d.) definition of serious adverse events. Serious infections
were defined as all serious adverse events classified as “infections and infestations”
according to the System Organ Class of the Medical Dictionary for Regulatory Activities
(version 16.0) (SAS 2013). Based on this system (SAS 2013), we grouped the adverse events
according to the affected system with two minor adaptations. The first one consisted of all
infections and infestations corresponding to each affected system, with the exception of
dermatological, respiratory and urinary infections. The second one was the creation of a
separate category for all oral cavity-related disorders. For systemic antibiotics that patients

failed to identify, a separate category designated as “‘unknown antibiotics” was created.
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Results were then statistically analyzed using standard ANOVA with one fixed factor (type
of therapy) and one repeated factor (six-month interval). Fisher s least significant difference
(LSD) post-hoc tests were then applied to all statistically significant results. Lastly, chi-
squared tests were performed for all parameters to check whether there was a statistically

significant difference between the expected versus observed frequencies.

This study was approved by our faculty’s Ethics Committee, and patients were recruited into

the study after informed consent had been obtained.
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Outline of the thesis
Chapter 1

This chapter presents a non-systematic review of the literature that provides information on
the fundamentals of epidemiology, diagnosis and treatment of psoriasis. Special emphasis
was placed on the most modern form of therapy: biologics agents. Available data about their

production, role and possible adverse events are discussed in detail.

Chapter 2

This chapter presents the results of an epidemiological study performed in patients with
psoriasis. By statistically analysing epidemiological data of three groups with different
severity grades, it investigates possible trigger and prognostic factors of patients with severe

psoriasis — high-need patients.

Chapter 3

This chapter outlines the results of a research focused on the occurrence of adverse events
according to the type of therapy used to treat psoriasis vulgaris. It is a prospective,
observational cohort study where three groups of patients on three different therapeutic
regimens are followed — by comparing the occurrence of adverse events between them, it

identified the safest therapeutic regimen.

Chapter 4

This chapter describes the results of a sub-study exploring the safety profiles of five different
biologic agents. It is a part of the above observational cohort prospective study. In this case,
the occurrence of adverse events between the five groups of patients treated with different

biologic agents is investigated in an attempt to identify the drug with the safest profile.
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CHAPTER 1

The use of biologic agents in the therapy of psoriasis vulgaris

Full-text of chapter 1 is published as a review article:

Authors: Emanuel C. Marques, Zoltan Paluch, Jana Hercogova

Title: The use of biologic agents in the therapy of psoriasis vulgaris — an overview
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Abstract

Psoriasis is a global disease affecting up to 4,8% across the globe and causing significant
impairment of quality of life, disfiguring morbidity, and even mortality. The first therapies
consisted only of old natural oitments, but with time, these have been substituted by
advanced potent drugs. In the last decades, as the immunological pathways of the disease
are being unveiled, the development of powerful but selective biologic drugs targeting these
immune pathways became possible. These have raised hopes that complete remission may
be possible, even when all other previous therapies have failed. In this review, we will shortly

present some of the latest data available on the treatment of psoriasis by biologic agents.
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Psoriasis

It was only in the 18" century that Willan first described psoriasis. At first, lepra and
psoriasis were poorly differentiated but was Hebra that in 1863 finally defined it as a distinct
entity, as we know it today (Khachemoune and Guillen 2006). Derived from the Greek
“psora” which means “itch”, this chronic, non-infectious inflammatory skin disorder affects
about 0,6% to 4,8% of the world’s population. Variatons in prevalence are seen according
to countries’ latitude, studies have shown that psoriasis is significantly less prevalent in
countries closer to the equator line (Smith and Barker 2006), (Parisi et al. 2013). Limited
epidemiological studies pertaining to psoriais and races have been carried out, nevertheless
data suggests an higher prevalence of the disease among Caucasians, when compared to non-
Caucasians (Alexis and Blackcloud 2014). No clear gender predilection has been observed
among sexes (Parisi et al. 2013), (Michalek, Loring, and John 2017), (Rachakonda, Schupp,
and Armstrong 2014). Regarding the age of onset, psoriasis can literally begin at any age; it
is known, however, that children are less commonly affected. There seem to be two peaks
for the age of onset of the disease: the early one between 30 and 39 years and the later one

between the ages of 50 and 69 years of age (Parisi et al. 2013).

Despite the fact that it is rarely life-threatning, psoriasis can severily impairs one’s quality
of life: concomitant anxiety and depression are not uncommon, treatments are costly, long-
lasting and time-consuming. Evidently, the severity of the disease is directly proportional to
its economical and social impact, and without a doubt, these are undissociable. Patients who
have higher severity indexes perceive more interferences with work activities and therefore
are more likely to generate lower incomes (S. R. Feldman et al. 1997). This economical
impact is not, however, restricted to families themselves, it is also costly to the health care
systems of each country — a recent study in the United States of America have concluded
that, all summed up, annual expenses with psoriasis can reach up to $25796/patient per year

or a total of $135 billion for everyone with the disease (Steven R. Feldman et al. 2017).

Psoriasis is considered to be a multifactorial disease, with an unquestionable genetic
component interacting with some environmental factors (Parisi et al. 2013). Studies

including families in which either one or both parents had the disease have shown that if one
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parent has psoriasis, there is a 28% chance for the child to develop this condition; if both
parents are affected, then the chance rises up to 65%; contrastingly, if none of the child’s
parents have this skin disease, there is only a 4% chance of developing psoriasis. Genetic
researches have established strong associations between the disease and those who are HLA
(human leukocyte antigen) B13, -B13, -B17, -B39, -B57, -Cw6, or -DR7 positive (Rahman
and Elder 2005). From those seven HLA types, patients who are HLA-Cw®6 positive have a
worse prognosis: HLA-Cw6 positivity is associated with early onset of the disease, guttate
eruptions, and increased severity (yet, such associations are sometimes seen in Cw6 negative
patients) (Guojonsson et al. 2002). Environmental factors are various and can trigger the
disease at any time; these include physical trauma (Koebner phenomenom), meaning that an
injury to the epidermis may trigger a cytokine cascade and cause psoriatic lesions: examples
of trauma include bites, tatoos, excoriations, and others (S. P. Raychaudhuri, Jiang, and
Raychaudhuri 2008). Also, the association between B-hemolytic streptococcus infections
and the guttate form of the disease is nowadays well-known (Prinz 2001). Nevertheless,
other organisms such as Malassezia Furfur, Staphylococcus aureaus, Candida albicans,
Pityrosporum orbiculare and several viruses have also been described to be implicated as
playing an etiological role in the development of psoriasis (Baroni et al. 2004), (Balci et al.
2009), (Waldman et al. 2001), (Kirby et al. 2000). Although difficult to quantify, stress can
undoubtedly aggravate the disease: the mechanisms behind this process are not fully known,
however it is thought that either stress hormones affect one’s immune and autonomic
nervous system or that people with psoriasis have their nerve endings secreting
neuropeptides which influence skin immune cells and keratinocyte function (Chapman and
Moynihan 2009). Certain drugs such as antibiotics, lithium, antihypertensive agents (j3-
blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors), and
NSAIDs (non-steroidal anti-inflammatory drugs) have been reported to induce or aggravate
the disease - again, the mechanisms by which they do so are not fully understood. Other than
these, it is also well-documented that those who have high intakes of alcohol, smoke or have
a vitamin D deficiency have a worse prognosis of the disease (Huerta, Rivero, and Garcia

Rodriguez 2007), (Orgaz-Molina et al. 2012).
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When it comes to the ethiopathogenesis of the disease, psoriasis is nowadays considered a T
cell mediated disease (Kirby et al. 2000). Involvement of both innate and adaptive immune
systems are both believed to play a vital role in the pathophysiology of the disease —scientific
evidence points to a theory of a “dysregulated immune system”. The characteristic psoriatic
plaques we are used to see are not more than the result of a complex interaction between
dendritic cells, T cells, keratinocytes, neutrophils and cytokines realeased from immune cells
(Frank Nestle, Kaplan, and Barker 2009). Essentially, we may say that it all starts with a
response from our innate immune system: first, an antigen activates our plasmacytoid
dendritic cells and other innate immune cells. Plasmacytoid dendritic cells are primary
producers of INF-alpha, a crucial cytokine involved in the initiation of autoimmune
responses and antiviral immunity. INF-alpha, together with other proinflammatory cytokines
produced by these other innate immune cells, then stimulate the activation of myeloid
dendritic cells in the skin (Frank Nestle, Kaplan, and Barker 2009), (Schafer et al. 2014),
(Papp et al. 2012), (Papp et al. 2016) (Fig. 1). Myeloid dendritic cells are potent antigen
presenting cells that influence T-cell activity. They do so by producing 2 cytokines: IL-23
that causes differentiation of precursor CD4" cells into Th17 cells and IL-12 that stimulates
the development of Thl cells and effector CD8" T cells (McKenzie, Kastelein, and Cua
2006). Myeloid dendritic cells have also been found to be responsible for the production of
IL-20 and nitric oxide, the first involved in alterations of the epidermal thickness, maturation
defects and upregulation of antimicrobial peptides, the second contributing to the attraction
and migration of leukocytes by vasculature activation (Blumberg et al. 2001), (Wolk et al.
2009), (Costa, Incio, and Soares 2007). T cells, recruited by myeloid dendritic cells, mediate
this all inflammatory process by producing even more cytokines. Among others, these T
cells produce IL-17A which stimulate keratinocytes to proliferate. Activated proliferative
keratinocytes and consequent permanent cytokine activation perpetuates this inflammatory

process via participation in positive feedback loops (Frank Nestle, Kaplan, and Barker 2009).

In summary, psoriasis is a challenging immune-mediated disorder caused by diverse
dysregulations and alterations of our immune system. Regulated by T cells, cytokines play
a key role in this process, activating and stimulating components of our innate and adaptive

immune systems, resulting in a cascade of events. The identification of such cytokines was
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Fig. 1 Pathogenesis of psoriasis vulgaris

a great step towards the control of the most severe forms of the disease, as they enabled the

creation of the first biologic agents.

Psoriasis can be classified according to the different features: age of onset (age of onset
before or after 40 years of age), degree of severity (mild, moderate, severe), pattern of
distribution (inverse, seborrheic, vulgaris), morphology (plaque, guttate, erythrodermic,
localized pustular and generalized pustular), anatomical site (scalp, palmoplantar, vulgaris,
anogenital and nail psoriasis) and stage of development (stable plaque or unstable eruptive
forms of the disease) (table 1). Sometimes, in clinical practice, these classifications are
combined for a better characterization of the status of the patient (ex: psoriasis vulgaris —
chronic plaque form). The most used classifications are the ones based on the degree of
severity, pattern of distribution of the disease, morphology of the lesions and affected
anatomical site. According to the degree of severity, psoriasis is considered to be mild when
BSA<S5, moderate when BSA 5-10% and severe when BSA>10 (BSA=body surface area
affected by the disease). Plaque psoriasis or psoriasis vulgaris, represents 90% of all cases:
characterized by minimally changing sharply marginated dull-red plaques, with lamellar
silvery/white scales, it usually persists from months to many years. These plaques may fuse
between each other creating big geographic, polycyclic shapes, are typically bilateral and
symmetrical, localized to one or more predilection sites: elbows, knees, sacralgluteal region,
scalp, palms and soles. Sometimes, however, in contrast to its preferred external surfaces,

psoriasis may manifest itself only on the flexor surfaces and skin folds (perineum, axillas,
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inguinal and intergluteal areas) — in such cases, dermatologists name it inverse psoriasis.
Besides the localization, also the aspect of the lesions differs from the plaque form:
standardly, because these areas are moist, plaques do not present as many scales. The guttate
form of the disease typically follows an upper respiratory infection or a streptococcal
infection. It occurs more commonly among children, adolescents and young adults, and is
characterized by the rapid appearance of diffuse drop-like or nummular (coin-shaped)
papules with little scale all over one’s body, predominantly on the trunk. Characteristically,
new lesions keep rising for about a month, persist for 2 to 3 months and then resolve
spontaneously; sometimes, however, these lesions may persist and enlarge taking on the
characteristics of the chronic stable plaque type. Typically, pustular psoriasis exhibits itself
as tender deep-seated sterile pustules on an erythematous base. Most patients have a
localized form — meaning that these pustules only affect a specific part of the body —
however, some suffer from or develop a rare generalized form of the disease. The localized
form of pustular psoriasis is either manifested on one’s fingers, dorsal aspects of the hands
and toes (acrodermatitis continua of Hallopeau) or it is limited to palms and soles
(palmoplantar psoriasis). The generalized form, also called von Zumbusch pustular psoriasis,
is often associated with fever, myalgia, nausea, leukocytosis and generalized erythematous
tender skin. These patients are usually severely sick and require hospitalization for close
monitoring. Erythrodermic psoriasis consists of generalized erythema involving the majority
of one’s body. Since other diseases (atopic dermatitis, drug eruptions, pityriasis rubra pilaris,
etc) may present themselves as erythroderma, determining the exact diagnosis can
sometimes be tricky: examining possible nail changes may prove helpful, in case of doubt a
skin biopsy should be performed. Just like von Zumbusch pustular psoriasis, this disease
phenotype can be life threatning, therefore, identifying the possible trigger can only benefit
the patient’s outcome: abrupt withdrawal of systemic medications (eg. corticosteroids), drug
reaction responses (eg. lithium) or underlying systemic infections are all described as
possible leading causes to erythrodermic psoriasis. Not rarely, patients suffering from
psoriasis have their nails affected — nail psoriasis. The most characteristic feature of nail
psoriasis is pitting of the nails, whereas the most commonly seen feature is onycholysis
(detachment of the distal portion of nail from the nail bed). Besides these, psoriatic nails may

present dystrophy and dyscoloration, extra thickness can also be seen especially when there
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is accumulation of keratinous material under the nail bed — subungual hyperkeratosis (S. K.
Raychaudhuri, Maverakis, and Raychaudhuri 2014), (Hercogova 2011). Even though these
classifications prove useful in patient referral and disease surveillance, they can be somehow
tricky in clinical practice, since many patients suffer from several types of the disease

combined.

Today we know that symptoms of psoriasis are very often underated — most dermatologists
do not include these in the evaluation of the severity of the disease, PASI (psoriasis area
severity index) classification is a good example of a widely used method that excudes
patient’s feelings. Symptoms may represent a serious disabling factor, especially in those
who are already psychologically distressed by the disease. There are a variety of forms to
measure patient’s quality of life, but commonly this is accessed by the Dermatology Life
Quality Index (DLQI) (Gisondi et al. 2017). If we sort symptoms descending, itching clearly
comes as the most common complain, followed by irritation, burning/stinging, sensitivity
and last, but not least, pain (Sampogna et al. 2004). Current drugs to alleviate these provide
somehow unsatisfactory results, pruritus for example is practically nonrespondent to oral
antihistamines, unless they cause sedation. Moisturizers, phototherapy, oral antidepressants,
topical kinase inhibitors, and lately biologic agents, are among the most beneficial current

treatment modalities (Szepietowski and Reich 2016).
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Tab. 1 Clinical classification of psoriasis vulgaris

Classification criteria Clinical phenotypes

Type I (onset before 40 years of age)
Age of onset

Type II (onset after 40 years of age)

Mild (<5% BSA)
Degree of severity Moderate (5%-10% BSA)
Severe (>5% BSA)

Inverse

Pattern of distribution Seborrheic

Vulgaris/Plaque

Vulgaris/Plaque

Guttate

Morphology
Erythrodermic

Pustular (localized or generalized)

Scalp

Palmoplantar

Nail

Anatomical site

Vulgaris/Plaque

Stable plaque
Stage of development

Unstable eruptive

The diagnosis of psoriasis is mostly clinical, as lesions usually have a classical appearance.
Other characteristics supportive of the diagnosis is positive family history, Koebner
phenomenom evidence or Auspitz sign positivity. When these reveal themselves
insufficient, a skin biopsy is sometimes performed to confirm the diagnosis (S. K.
Raychaudhuri, Maverakis, and Raychaudhuri 2014). Other than this, antistreptolysin tests
and streptococcal throat extracts from patient’s throats can also be carried out, especially if

there there was an antecedent streptococcal infection (Dupire et al. 2019).
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Unfortunately, nowadays it is well known that psoriasis is not an isolated disease. Just like
other systemic inflammatory diseases, it is highly associated with the development of several
comorbidities. These have been lately classified as classic, emerging, related to lifestyle and
related to the treatment of the disease. Classic comorbidities include psoriatic arthritis,
Chron’s disease, psychological/psychiatric disorders and uveitis. Emerging comborbidities
refer to a number of underdiagnosed conditions that only lately have been associated with
psoriasis, which include metabolic syndrome, coeliac and inflammatory bowel diseases,
non-alcoholic fat liver disease, lymphomas and other neoplasms, obstructive sleep
apnea’/hypopnea syndrome, chronic obstructive pulmonary disease, osteoporosis, erectile
dysfunction and Parkinson’s disease (Juzlova et al. 2016), (Votrubova et al. 2014).
Unsurprisingly, associated with higher levels of anxiety and depression, psoriatic patients
have an higher frequency of smoking and drinking habits which alone lead to increased risk
of hepatic steatosis, cirrhosis, depression, anxiety and decreased response to psoriasis
treatments — these are considered to be comorbidities related to patients’ lifestyle. The last
category accounts for comorbidities related to the treatment of the disease: patients who
undergo many sessions of phototherapy have an higher risk of developing skin cancers (eg.
squamous-cell carcinoma), and generally, methotrexate and ciclosporine in high-doses can
also be associated with carcinogenesis. Ciclosporine is, moreover, nephrotoxic, and may
cause hypertension and dyslipidemia; methotrexate may lead to bone marrow and liver
toxicity and so does acitretin that, besides nephrotoxicity, can also cause dyslipidemia (de

Oliveira, Rocha, and Duarte 2015).

Presently, there is no cure for psoriasis (Nickoloff and Nestle 2004). Patients with a mild
form of the disease are treated with topical agents: there are a variety of options from topical
corticosteroids, vitamin D analogues, coal tar preparations, tazarotene, tacrolimus,
pimecrolimus, emollients, anthralin and salicylic acid (Menter et al. 2009). A common
problem found with this form of treatment is patients’ compliance, which tend to decrease
over time (Devaux et al. 2012). Systemic therapy is indicated when topical agents fail to
control patients’ symptoms, PASI>10 (unless involvement of sensitive of areas such as
hands, soles, genitals, scalp, face or nails), BSA<5 with disseminated lesions, BSA>5

resistant to topical therapy, active psoriatic arthritis or when patients are severily distressed
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by the disease (e.g. DLQI>10). Short sessions of ultraviolet radiation can be combined with
topical preparations, or if preferred, oral antipsoriatic drugs, also known as conventional
systemic agents, can be started (Gisondi et al. 2017). Current options include acitretin,
fumaric acid esters, methotrexate or ciclosporine. Besides these, the most recent class of
antipsoriatic drugs are biologic agents and recently, Apremilast (an oral agent that inhibits
the enzyme phosphodiesterase 4). This new class of drugs represent a second-line form of
therapy if phototherapy and conventional systemic agents were inadequate in response or if
they are contraindicated or not tolerated (Nast et al. 2015a), (Nast et al. 2017). Not all
patients are suitable to these forms of therapy: these agents are extremely expensive, they
are administered parenterically (with the exception of Apremilast), and involve, as any other

drug, a variety of side-effects that should be pondered (Nast et al. 2017), (Pichler 2006).

Biologic agents

According to the The US Food and Drug Administration (USFDA), biologic products or
biologics, are broadly defined as medical products. They are made from a variety of natural
sources (human, animal or microorganism), often produced by biotechnology methods and
other cutting-edge technologies. These can include any therapeutic serum, toxin, antitoxin,
vaccine, virus, blood, blood component or derivatives, allergenic product, etc. Like drugs,
some are intended to treat diseases and medical conditions, while others can be used for
prevention and diagnosis. However, unlike most traditional therapeutic approaches, directed
to symptom control and clinical improvement, biologic agents target specific points of the
immunopathogenesis of a disease. They are produced by recombinant DNA technology,
aiming at specific targets without interfering with rest of the pathogenetic pathways (Hassan
etal. 2013). Nevertheless, truth is, biologics are not new: the development of molecules such
as the human growth hormone, insulin, and red-blood cell stimulating agents occurred
decades ago, but with time, targets have increased exponentially as our knowledge of
genetics and subcellular cascades and disease processes develops (Coondoo 2009). Biologics
are generally divided into three major groups: monoclonal antibodies, fusion antibody

proteins and recombinant human cytokines and growth factors (Hassan et al. 2013) (Fig. 2).
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cytokines and growth
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Fig. 2 Classification of biologic agents

Antibodies are proteins produced by a single clone of the B lymphocytes of the immune
system in response to foreign proteins, called antigens. Antibodies function as markers,
binding to the antigen so that the antigen molecules can be recognized and destroyed by cells
of our immune system with those functions (ex: phagocytes). The part of the antigen that the
antibody binds to is called the epitope. When antigents present many epitopes, they may
activate many lymphocytes. Each of these these lymphocytes may then differentiate to
plasma cells, resulting in a polyclonal antibody response. Contrastingly, monoclonal
antibodies (mAbs) recognize only one chemical structure, meaning they are directed against
a single epitope of the antigenic substance used to raise the antibody: it is this exquisite
specificity of mAbs that allows them to be used for disease diagnosis and targeted therapies
(Lipman et al. 2005). Fusion antibody proteins, also known as chimeric proteins, are proteins
which are created by the fusion of the receptor domain of a human protein with the constant
region of human IgG. The point being that the fused partner will be soluble in plasma (such
as native IgG) and at the same time specifically bind to a particular ligand or co-receptor of
interest (such as the variable region of an antibody) (Krueger 2002). The main reason this
bound was created is half-life extension: due to fast renal clearance, many biologically active
proteins and peptides have very short half-lives, which limits their exposure in the target
tissue. However, by adding the Fc domain, fusion proteins enjoy a longer plasma half-life,
resulting in a drug with advanced efficacy and pharmacokinetical properties (Beck and

Reichert 2011). The last major group includes cytokines, which are non-immunoglobulin
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proteins and glycoproteins produced by a wide variety of cells in the human body and
released in response to any immune stimulus (Nikas and Drosos 2003), (Holman and Kalaaji
2006). Recombinant cytokines or cytokine antagonists have been wused as
immunomodulators (Oppenheim 2001) - interferons and interleukins are a good example of
a variety of protein drugs that alter the activity of cytokines modifying the host response to
a disease (Trefzer et al. 2003). Others, such as polypeptide growth factors (GFs) - a cluster
of multifunctional peptides - play fundamental roles in processes such as stimulation of
cellular differentiation and chemotaxis, signalling among cells of the same and different
type, control of extracellular matrix formation and angiogenesis, regulation of the
contraction process and reestablishment of tissue integrity during tissue repair (Chandler and
Bewley 2013), (Lawrence 1998), (Werner and Grose 2003). From these 3 major groups of
biologic agents, only monoclonal antibodies and fusion proteins are available for the

treatment of psoriasis.

The first biologic to be approved in the field of dermatology was alefacept in 2003 for the
treatment of moderate to severe forms of psoriasis (Sehgal, Pandhi, and Khurana 2014).
Nowadays, however, the number of indications grow incessantly and new drugs appear
yearly: besides psoriasis, biologic agents are today used in conditions such as malignant
melanoma, cutaneous lymphoma, chronic spontaneous urticaria, hidradenitis suppurativa,
granulomatosis with polyangiitis, microscopic polyangiits, chronic wounds and others

(Hassan et al. 2013) (Fig. 3).

Malignant
« melanoma o Cutaneous lymphoma

Biological agents Chronic spontaneous urticaria

Microscopic polyangiitis Granulomatosis with polyangiitis Hidradenitis suppurativa

Fig. 3 Indications for biologic therapy in the field of dermatology

Chronic wounds
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According to the latest European guidelines (October of 2015 and June of 2017), two big
groups of agents are available for the treatment of psoriasis: inhibitors of TNFa and
interleukin inhibitors. Adalimumab, etarnecept and infliximab all inhibit TNFa,
ustekinumab inhibits IL-12 and IL-23 and secukinumab inhibits IL-17A (Nast et al. 2015b),
(Thagi et al. 2015). Since the publication of the latest guidelines, however, a few other
biologic agents have already been approved by the EMA (European Medicines Agency):
certolizumab pegol (TNFa inhibitor), ixekizumab (IL-17A inhibitor), brodalumab (IL-17
inhibitor), guselkumab and risankizumab (both IL-23 inhibitors) (“EMA. Committee for
Medicinal Products for Human Use (CHMP). (n.d.). Summary of Opinion (Initial
Authorization) - Kyntheum, Brodalumab.” n.d.), (“EMA. Committee for Medicinal Products
for Human Use (CHMP). (n.d.). Summary of Opinion (Initial Authorization) - Taltz,
Ixekizumab.” n.d.), (“EMA. Committee for Medicinal Products for Human Use (CHMP).
(n.d.). Summary of Opinion (Initial Authorization) - Tremfya, Guselkumab.” n.d.),
(“Summary of Product Information - Cimzia (Certolizumab Pegol). (n.d.).” n.d.),
(“Summary of Product Information - Skyrizi (Risankizumab). (n.d.).” n.d.) (Fig. 4 and 5).
Of notice is also itolizumab, another effective biologic agent available for the treatment of
psoriasis that is, so far, to our knowledge, only available in India (for this reason, this drug

will not be reviewed in detail in this article) (Krupashankar et al. 2014).

Adalimumab

TNFa

/ Etarnecept

 ’ Infliximab

inhibitors

Certolizumab pegol

Fig. 4 Types of TNFa inhibitors
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v

v

Guselkumab,

\

Risankizumab

Fig. 5 Types of interleukin inhibitors

As mentioned before, psoriatic patients are only entitled to systemic therapy if they meet
certain criteria. Biologic agents, specifically, should only be considered as a second-line
form of therapy if phototherapy and conventional systemic agents were inadequate in
response or if they are contraindicated or not tolerated. Biologics are not explicitly
contraindicated to certain groups of patients, however it is consensually not recommended
to prescribe TNF-inhibitors to patients suffering from multiple sclerosis or other
demyelinating diseases, as well as to those suffering from ischaemic heart diseases or
congenital heart failure NYHA III or IV (according to the New York Heart Association
classification). Apart from these, a variety of precautions should be taken while prescribing
biologics to special patient populations: children and elderly, women who are pregnant or

lactating, those being treated with imunosupressants, patients who suffered or suffer from
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chronic hepatitis B or C, or have an active infectious process (including tuberculosis).
Special prudence is also necessary with those who were recently vaccinated with live
vaccines, known hypersensitive reactions to these agents or who have or had a malignant
tumour less than 5 years ago. Therefore, logically, it is recommended that when initiating
these drugs, a dermatologist should objectively and subjectively access the severity of the
disease (by using PASI and DLQI for example), take a good medical history and perform a
complete clinical physical examination focusing on: prior antipsoriatic drugs taken,
congestive heart failure, lymphadenopathy, neurological disease signs and symptoms, past
malignancies (including skin cancer), eventual infections (including tuberculosis infections)
and possible arthritis. Furthermore, if the patient is a female of reproductive age, then using
contraception is recommended. Still prior to commencing such therapy, the clinician should
request a panel of laboratory tests: these include a complete blood cell count (including
haemoglobin, hematocrit, leucocytes and platelets), liver enzymes (including AST, ALP, AP
and YGT), serum creatinine, urine status, urine pregnancy test, CRP, hepatitis B and C panel
and HIV. Of note is the fact that not all laboratory tests may be of exact need, the patient’s
medical history, risk exposure and clinical signs during physical examination dictates the

need for more or less specific testing (Nast et al. 2015b), (Nast et al. 2017) (table 2).

After starting the treatment, patients should be objectively and subjectively accessed every
3-6 months (by using PASI and DLQI for example) and physical examinations should be
continuously performed with special focus on malignancies (including skin cancer),
lymphadenopathy, active infections, congestive heart failure and neurological symptoms. To
make sure the therapy carries on without complications, some basic routine laboratory tests
including a complete blood cell count, liver enzymes, serum creatinine and urine status are

recommended to be repeated within this interval (Nast et al. 2015b), (Nast et al. 2017).

When stopping a biologic agent, dermatologists are advised to continue following-up their
patients. Physical examinations and medical history taking should be periodically repeated,
moreover, depending on the specific biologic, females of reproductive age should keep using

contraception up to 5 months after withdrawal of the drug (Nast et al. 2015b).
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Tab. 2 Intructions before commencing biologic therapies

1. Enrol patients in a registry (if available)

2. Objectively assess the disease

3. Estimate patient’s mental and physical

health

4. Take patient’s detailed medical history

and perform a full physical examination

5. Send the patient for some basic

laboratory tests

6. Recommend using contraception

Unfortunately, there is not yet a drug which is totally safe or innocuous, all have some sort
of adverse reactions, the same apllies to biologic agents. An adverse drug reaction is, by
definition, “an appreciably harmful or unpleasant reaction, resulting from an intervention
related to the use of a medicinal product, which predicts hazard from future administration
and warrants prevention or specific treatment, or alteration of the dosage regimen, or
withdrawal of the product” (Edwards and Aronson 2000). Generally, biologic agents are well
tolerated, self-limited, and seldom reason to require discontinuation of therapy. Most adverse
reactions are quite mild, all described serious/life-threatning adverse reactions are rather rare
or very rare. Among the most common adverse reactions are injection site reactions, mild
respiratory tract infections and general flu-like symptoms; nowithstanding, specific adverse
reactions are inevitable as each drug have their own mechanisms of action (tables 3 and 4).
Sparated in two tables (TNFa inhibitors and interleukin inhibitors), we address very common

(>1/10) and common (>1/100 to <1/10) adverse reactions of each biologic agent.
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Tab. 3 Most common adverse events associated with TNFa inhibitors (“Summary of
Product Information - Cimzia (Certolizumab Pegol). (n.d.).” n.d.), (“Summary of Product
Information - Humira (Adalimumab),” n.d.), (“Summary of Product Information - Enbrel

(Etanercept),” n.d.), (“Summary of Product Information - Remicade (Infliximab),” n.d.)

. o Certolizumab
Adalimumab Etarnecept Infliximab
pegol
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Infections and infestations . . . .

Neoplasms (benign, malignant and
unspecified)

Blood and lymphatic system disorders . . .
Immune system disorders . . .
Psychiatric disorders . .

Nervous system disorders . . .
Eye disorders . .

Cardiac and vascular disorders . . .

Respiratory disorders . .
Gastrointestinal disorders/ hepatobiliary
disorders
Skin and subcutaneous disorders . . . .
Musculoskeletal and connective tissue
disorders
Renal and urinary disorders . .
General disorders and administration
site conditions
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Tab. 4 Most common adverse events associated with interleukin inhibitors (“Summary of Product
Information - Skyrizi (Risankizumab). (n.d.).” n.d.), (“Summary of Product Information - Stelara
(Ustekinumab).” n.d.), (“Summary of Product Information - Consentyx (Secukinumab),” n.d.),
(“Summary of Product Information - Taltz (Ixekizumab). (n.d.).” n.d.), (“Summary of Product
Information - Kyntheum (Brodalumab). (n.d.).” n.d.), (“Summary of Product Information -

Tremfya (Guselkumab).” n.d.)
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Infections and
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system disorders
Nervous system
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Respiratory disorders . . . .
Gastrointestinal
disorders
Skin and
subcutaneous . . .
disorders
Musculoskeletal and
connective tissue . . .
disorders
General disorders
and administration . . . . .
site conditions

51



Conclusion

Today, more and more biologics are found each year. In fields like rheumatology and
dermatology, these have gained a remarkable importance, considered by some as the
therapies of the future. Empowered by most trial’s success on drug efficacy and patient
outcomes, these drugs are nowadays prescribed more and earlier in the disease process.
However, one must keep in mind that these agents are relatively recent, some still lack
consistent and solid data from long-lasting studies. Expectedly, with time, reports of serious
adverse reactions are slowly starting to appear in the literature with the conduction of more
studies and longer follow-ups; it is imperative, therefore, to be familiar with the benefits as
well as the possible serious adverse reactions associated with these agents. For this reason,
it is strictly recommended that physicians prescribing such agents remain vigilant and

prudent, safety of the patient will always come first (Scheinfeld 2004).
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Abstract

Introduction: Understanding how different comorbidities and epidemiological factors

are related to psoriasis severity can help us estimating patients’ clinical outcome.

Aim: Establish possible prognostic factors of severe psoriasis.

Methods: Three groups of patients were included: 118 were on topical therapy, 83
used conventional systemic drugs and 112 were treated with biologic agents. Based on
the fact that patients on topical therapy have a lower grade of disease severity than
patients treated systemically, we compared a variety of comorbidities and

epidemiological parameters between the three groups.

Results: Patients treated more aggressively have an increased risk of cardiovascular
disease (p=0.044), suffer more from depression (p=0.020), hyperuricemia (p=0.031)
and nonspecific non-infectious liver disease (p=0.005). Male gender (p<0.001),
increased height (p<0.001), early age of disease onset (p<0.001), viral upper
respiratory infections (p=0.049) and periods of hormonal changes (p=0.045) are

associated with these therapies.

Conclusion: Psoriasis severity is directly related to an increased risk of cardiovascular
disease, depression, hyperuricemia and nonspecific non-infectious liver disease. Male
gender, increased height, early age of disease onset, viral upper respiratory infections
and periods of hormonal changes seem to be prognostic of higher degrees of psoriasis
severity. We are pioneering the use of increased height and puberty,

menopause/andropause as independent prognostic factors of psoriasis severity.

Keywords: high-need psoriasis; psoriasis; psoriasis prognostic factors; psoriasis

trigger factors
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Introduction

Psoriasis is a global disease affecting up to 4.8% across the globe and causing significant
impairment of quality of life, disfiguring morbidity, and even mortality (Smith and Barker
2006), (Parisi et al. 2013), (S. R. Feldman et al. 1997). Concomitant anxiety and depression
are not uncommon, treatments are costly, long-lasting and time-consuming (Steven R.
Feldman et al. 2017). Evidently, the severity of the disease is directly proportional to its
economical and social impact, and these are undissociable (S. R. Feldman et al. 1997),
(Steven R. Feldman et al. 2017). High-need psoriatic patients, meaning those for whom at
least two systemic treatments are unsuitable due to lack of efficacy, intolerance or
contraindication, are therefore at higher risk (Dubertret et al. 2006). Understanding how
different comorbidities and epidemiological factors affect psoriasis severity grades can

therefore be of great help for both patients themselves and countries’ health care systems.
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Materials and Methods

This is a cross-sectional observational study incorporated in a prospective study, where a

population of 289 psoriatic patients was followed for 29 months (table 1).

Tab. 1 Brief epidemiological data of study population

Total number of patients in our study 289
men 156 (54%)
women 133 (46%)
Age (mean in years) 48 + 80
BMI (mean) 28.3+£522

The objective was to study and compare a variety of comorbidities and epidemiological
factors between 3 groups of psoriatic patients treated differently (table 2 and 3).

Data was obtained by means of a questionnaire. During our study some patients were forced
to rotate different agents within their stratum/type of therapy, while others had to be shifted
to a different therapy type. The most common reasons were drug intolerance or loss of
treatment efficacy. Concretely, 24 (8.3%) of our patients used both conventional systemic
agents and biologics during our research period — from these 9 (3.1%) individuals used
acitretin and methotrexate concomitantly with biologic agents, the remaining 15 (5.2%) were
treated with only one systemic agent at a time. For this reason, patients were included in as
many groups as many therapy(ies) they had — that is, if a patient was on conventional
systemic agents, but was later forced to initiate biologic therapy, then he/she was included
in both group 2 and 3. Patients using any form of therapy/agent for less than 8 weeks were
not included in our research study. All patients were treated according to the

recommendations of the Summary of Product Characteristics of each drug.

We defined alternative topical therapies as those not mentioned in the European
recommendantions (Nast et al. 2015), (Nast et al. 2017). Puberty and

perimenopausal/periandropausal periods were considered as times of hormonal variations.
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Nonspecific noninfectious liver disease was defined as history of elevated liver
tests/enzymes or ultrasound verified liver disease (fatty liver disease, steatosis,

steatohepatitis or cirrhosis) of noninfectious ethiology in the past 2.5 years.

Tab. 2 Study population therapies

Group Number
Type of .
of Specific agent of
) therapy .
patients patients
Corticosteroids
Keratolytics
Topical
1 Vitamin D derivates 118
therapy

Tacrolimus/pimecrolimus*)

Coal tar and its derivates

Conventional Acitretin 34
2 systemic Cyclosporine 13
agents Methotrexate 51
Infliximab 11
Secukinumab 17
Biologic

3 Etanercept 21

agents
Ustekinumab 33
Adalimumab 41

Results were statistically processed in STATISTICA SW by means of standard ANOVA
analysis with one fixed factor (type of therapy). Fischer least significance difference (LSD)
post-hoc tests were then applied to all statistically significant results. Chi-squared tests were
performed for all parameters to check whether there was a statistically significant difference

between expected and observed frequencies.
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Tab. 3 Tested epidemiological factors

Professional | Pharmacological | Disease Possible
Personal Treatment
Personal history history and history related trigger
information history
habits history factors
) ) Beta-blockers General
History of skin o
. practisioner
diseases
ACE inhibitors Dermatologist
Thyroid disease Drugs
Age
) Psychological
Gastroenterological o
) Diuretics support
diseases Hormonal
changes )
) Alternat. topical
Other autoimmune o
Gender ) Acetyl salicylic o compounds
diseases ] Familiy
) acid .
Education history Stress
) ) Spa/wells
Oncological discase level of
psoriasis
Statins Heliotherapy
HIV Trauma
Fototype
) Use of topical
Organ transplants Profession ) )
Proton pump ) corticosteroids
o Infection
) inhibitors
Osteoporosis )
Use of topical
Height . . tar
Rheumatological Smoking o Food
) Lithium
diseases .
Use of topical
o vit.D derivates
Hyperuricemia Age of Alcohol
Antimalarials o
. Alcohol psoriasis )
Weight ) Use of topical
Depression onset ] ]
cignolin
Weather
) NSAIDs
Chronic heart changes
) Localized
failure
phototherapy
BMI ) Interferon )
Hypertension Weight )
Systemic
changes
o ) phototherapy
Dyslipidemia . .
Benzodiazepines

Diabetes mellitus

Use of conv.

syst. agents
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Antidepressants

Use of BA

Hospitalizations

due to psoriasis

Ethics

This study was approved by our Faculty’s ethical commission, and patients were recruited

into the study after informed consent had been obtained.
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Results

We noted that the type of therapy used was somehow age-related. Older patients were rather
kept on topical therapy, while younger patients were tendentiously initiated on systemic
agents more often. This became evident not only when studying our populations age
(p<0.001, fig. 1), but also when inspecting their professional situation - pensioners tend to

be treated topically and kept away from biologic agents (p<0.001, table 4).

Treatments means
Current efiect: F(2, 310)=8.837, p=0.0002

Vertical columnsdenote: means +/- standard arors

a0
42
40
Topical Conv.systemic Biological
Type of therapy
Fig. 1 Patients’ age (p<0.001)
Tab.4 Profession (p<0.001)
Type of therapy
(total)
Topical Conv. systemic Biologic
% n % n % n % n
Students 3.4% 4 10.8% 9 7.1% 8 6.7% | 21
Manual workers 22.0% | 26 47.0% 39 | 34.8% | 39 | 33.2% | 104
Intelectual workers 36.4% | 43 25.3% 21 | 393% | 44 | 34.5% | 108
Pensioners 35.6% | 42 14.5% 12 | 13.4% | 15 | 22.0% | 69
Pensioners for invalidity | 2.5% 3 2.4% 2 5.4% 6 3.5% 11
(total) 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
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We observed that more women were treated topically than men. This difference-was even
more evident in the group of patients treated with biologic agents, which clearly have the

highest percentage of men (p=0.001, fig. 2 and table 5).

Treatments; means
Current effect: F(2, 310)=6.723, p=0.0014
Vertical columns denote: means +/- standard erors

0.70
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0,80
2
= 0.55
E
-
- 0.50
2
8 045
=
o
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0.35

0.30

0.25

Topical Conv.systemic Biological
Type of therapy

Fig. 2 Proportion of females (p=0.001)

Tab. 5 Proportion of females (p=0.001)

Type of therapy
(total)
Topical Conv. systemic Biologic
% n % n % n % n

Men | 41.5% | 49 59.0% 49 | 64.3% | 72 | 54.3% | 170
Women | 58.5% | 69 41.0% 34 | 35.7% | 40 | 45.7% | 143
(total) | 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313

Patients” height also statistically differed depending on how they were trelated. We found
taller patients to be treated with more more aggessive forms of therapy than shorter patients

(p<0.001, fig. 3).
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Furthermore, we realized that patients treated systemically showed a statistically significant

earlier disease onset than the group treated with topical agents (p<0.001, fig. 4).

Treatments means
Current effect: F(2, 310)=7.398, p=0.0007
Vertical columnsdenote: means +/- standard errors
177
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Type of therapy
Fig. 3 Height of patients (p<0.001)
Treatments; means
Current effect: F(2, 310)=17.529, p<0.0001
Vertical columns denote: means +/- standard errors
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Fig. 4 Age of disease onset (years) (p<0.001)
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The vast majority of patients treated with topical agents did not refer infections as a disease
trigger factor. This difference was significantly different when compared to the two other
groups of patients, where plenty more patients indicated infections as a trigger factor of
psoriasis (p=0.047, fig. 5 and table 6). We found the same relationship regarding viral upper
respiratory tract infections: again, patients treated topically described viral upper respiratory
tract infections as a disease trigger factor way less often than the other two groups (p=0.049,

fig. 6 and table 7).

Treatments, means
Current effect: F(2, 310)=3.094, p=0.04687
Vertical columnsdenote: means +/- standard errors
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Fig. 5 Overall infections as a trigger factor (p=0.047)

Tab. 6 Overall infections as a trigger factor (p=0.047)

Type of therapy
Conv. (total)
Topical Biologic
systemic
% n % n % n % n
Not 81.4% 69.9% 67.9% 73.5%
96 58 76 230

present
Present 18.6% | 22 30.1% | 25 | 32.1% | 36 | 26.5% | 83
(total) 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
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Treatments; means
Current effect: F(2, 310)=3.054, p=0.0488
Vertical columnsdenote: means+/- standard emors
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Fig. 6 Viral respiratory infections as a trigger factor (p=0.049)

Tab. 7 Viral respiratory infections as a trigger factor (p=0.049)

Type of therapy
(total)
Topical Conv. systemic Biologic
% n % n % n % n
Not present 96.6% | 114 89.2% | 74 88.4% | 99 91.7% | 287
Present 34% | 4 10.8% | 9 11.6% | 13 83% | 26
(total) 100.0% | 118 100.0% 83 | 100.0% | 112 | 100.0% | 313

Patients treated with biologic agents also pointed hormonal changes such as puberty and
perimenopausal/periandropausal periods more often as a possible trigger factor of their
disease. There was a statistically significant difference between group 3 and the remaining

groups (p=0.045, fig. 7 and table 8).
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Fig. 7 Periods of hormonal changes as a trigger factor (p=0.045)

Tab. 8 Periods of hormonal changes as a trigger factor (p=0.045)

Type of therapy
(total)
Topical Conv. systemic Biologic
% n % n % n % n
Not present | 99.2% | 117 100.0% | 83 | 95.5% | 107 | 98.1% | 307
Present 0.8% | 1 0% | 0 45% | 5 1.9% | 6
(total) 100.0% | 118 | 100.0% 83 | 100.0% | 112 | 100.0% | 313

A number of conditions also seem to differ according to patients” therapy. Psoriatics treated
systemically suffer more from depression, hyperuricemia, noninfectious nonspecific liver
disease and are more often treated with statins. In addition, the prevalence of hyperuricemia
and nonspecific liver disease significantly differ between the groups treated with topical
agents and biologic agents. We observed the same p-values for the constant depression (fig.
8, table 9), hyperuricemia (fig. 9, table 10) and statin usage (fig. 10, table 11) (p=0.020,
p=0.031 and p=0.044 respectively), while for the constant nonspecific liver disease p=0.005

(table 12).
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Fig. 8 History of depression (p=0.020)
Tab. 9 History of depression (p=0.020)
Type of therapy
Conv. (total)
Topical Biologic
systemic
% n % n % n % n
Not 94.9% 85.5% 83.9% 88.5%
112 71 94 277
present
Present | 5.1% | 6 14.5% | 12| 16.1% | 18 11.5% | 36
(total) | 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
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Fig. 9 History of hyperuricemia (p=0.031)
Tab. 10 History of hyperuricemia (p=0.031)
Type of therapy
Conv. (total)
Topical Biologic
systemic
% n % n % n % n
Not 98.3% 92.8% 90.2% 93.9%
116 77 101 294
present
Present 1.7% | 2 72% | 6 9.8% | 11 6.1% | 19
(total) | 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
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Treatments; means
Current effect: F(2, 210)=3.145, p=0.0444
Vertical columns denote: means +/- standard emors
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Fig. 10 History of usage of statins (p=0.044)
Tab. 11 History of usage of statins (p=0.044)
Type of therapy
Conv. (total)
Topical Biologic
systemic
% n % n % n % n
Not 88.1% 78.3% 75.9% 81.2%
104 65 85 254
present
Present | 11.9% | 14 21.7% | 18 | 24.1% | 27 18.8% | 59
(total) | 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
Tab. 12 History of liver disease (p=0.005)
Type of therapy
(total)
Topical Conv. systemic Biologic
% n % n % n % n
Not present 98.3% | 116 96.4% | 80 | 91.1% | 102 | 95.2% | 298
Nonspecific noninfectious 0% 0 3.6% | 3 8.9% | 10 4.2% | 13
Infectious 1.7% | 2 0% | 0 0% | 0 0.6% | 2
(total) 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313
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Psoriatics treated with biologic agents also require more psychological help than patients

treated with topical therapy (p=0.010, fig. 11, table 13).

Treatments means
Cument effect: F(2, 310)=4,713, p=0.0056
Vertical columnsdenote: means +/- standard errors
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Type of therapy
Fig. 11 History of psychological help (p=0.010)
Tab. 13 History of psychological help (p=0.010)
Type of therapy
Conv. (total)
Topical Biologic
systemic
% n % n % n % n
Not 97.5% 91.6% 86.6% 92.0%
115 76 97 288
present
Present 25% | 3 84% | 7 13.4% | 15 8.0% | 25
(total) 100.0% | 118 | 100.0% | 83 | 100.0% | 112 | 100.0% | 313

Patients treated topically have a considerably less number of past hospitalizations due to

psoriasis than the other groups of patients treated systemically, namely with biologic agents
(p<0.001, fig. 12).

79



Treatments; means
Current effect: F(2;: 210)=14.721, p<0.0001
Vertical collumnsdenote: means +/- tandard ermors

]

Number_of_past_hospitalizations

Topical Conv.systemic Biological

Type of therapy

Fig. 12 Number of past hospitalizations (p<0.001)

Discussion

Biologic agents represent the latest step in the therapy of psoriasis (Nast et al. 2015), (Nast
et al. 2017). Thus, we may assume that patients on topical therapy have a lower grade of
disease severity than patients treated with systemic drugs, namely biologic agents. This is
unquestionably supported by our patients’ history — patients under biologic therapies have
been more intensively treated in the past than those treated topically (table 14). We studied

a variety of epidemiological parameters aiming for any possible links with psoriasis severity.
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Tab. 14 History of past treatments

Chi-
Specific factor ANOVA | square
test
p<0.001
Usage of topical tar p<0.001* .
Usage of topical p<0.001
p<0.001*
cignolin *

Usage of topical vitamin
) 0.554 0.552
D derivates

Usage of topical
0.439 0.437

corticosteroids
Usage of topical =0.005
8 P p=0.005* P
alternative compounds ®
Number of focal p=0.005
phototherapy sessions *
Number of systemic
- p=0.016
phototherapy sessions
p<0.001
Heliotherapy p<0.001* .
p<0.001
Spas/Wells p<0.001* .
Number of
- p=0.409
hospitalizations

To start with, we observed that older patients were clearly treated less aggressively than
younger patients (p<0.001, fig. 1, table 4). Patients treated with topical therapy aged an
average of 53 years old, those treated with conventional systemic agents and biologic agents
aged an average 44.4 + 70 and 45.4 + 70 yearls old respectively. This is likely to be related

with a certain tendency of excluding elderly patients from more aggressive forms of therapy,
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as these are often described as a high-risk group for adverse events, namely infectious
complications (Strangfeld et al. 2011). Furthermore, this group of patients often suffers from
multiple comorbidities, are polymedicated, and therefore at higher risk of drug interactions
(Phan et al. 2016). Despite this, Ricceri et al. concluded that age alone should not be limit
therapeutic options (Grozdev et al. 2011), (Ricceri et al. 2019). In addition, we observed a
linkage between gender and type of therapy. Women were treated topically more often than
men, and that more men had a history of biologic therapy than women. Within the group
treated with topical agents 58.5% of patients are women and 41.5% are men. Contrarily, only
35.7% of patients treated with biologics are women, while 64.3% are men (statistical results
from group 1 and 3 significantly differed from group 2, p<0.001, fig. 2, table 5). Such results
support Hagg’s and Colombo s studies (Colombo et al. 2014). Hagg concluded that women
enjoy lower PASI scores than men, hence men tend to be treated systemically more often
than women (Hégg et al. 2017), (Hagg et al. 2013). Therapy adherence is associated with
improvement of disease severity (C. L. Carroll et al. 2004), (Christie L. Carroll et al. 2004),
(Steven R. Feldman et al. 2007), (Evers et al. 2010), (Lecha et al. 2005), (Lynde et al. 2012).
Storm reported higher rates of therapy adherence among men (Storm et al. 2008), Zaghloul
and Goodfield described women as the most compliant (Zaghloul and Goodfield 2004),
Gokdemir could not establish any association between sex and therapy adherence
(Gokdemir, Ari, and K6slii 2008). Literature is not consensual, therefore we tend to conclude

that men are indeed more severily affected by psoriasis than women.

Patients’ height also differed according to therapy type (statistical results from group 1
significantly differed from group 2 and 3, p<0.001, fig. 3). Other related measures such as
weight and BMI did not reveal statistically significant values (p=0.190 and p=0.930). To our
knowledge, a relationship between height alone and psoriasis severity has never been
hypothesized before, while direct associations between overweight and psoriasis have been
widely presented (Hercogova et al. 2010), (Duarte and da Silva 2014), (Huang et al. 2010),
(Sterry, Strober, and Menter 2007). Nonetheless, such results must be interpreted with
caution, since more males were treated systemically in our research study (in the Czech
Republic men are substantially taller than women: 181+ cm vs 169+ cm) (Grasgruber and

Hrazdira 2013).

82



Psoriasis severity also seems to be directly related to the age of onset of the disease. We
observed that patients treated systemically, therefore more aggressively, had an earlier
disease onset (statistical results from group 1 significantly differed from group 2 and 3,
p<0.001, fig. 4). Averagely, patients treated topically had their first lesions appearing around
the age of 35.1 years old, those treated with conventional systemic drugs at the age of 25.9+
years old and, finally, patients on biologics at the age of 22.5+ years old. Our results confirm

those of Na and Garcia-Diez (Na, Jo, and Youn 2013), (Garcia-Diez et al. 2008).

In addition, we observed that patients treated with more aggressive forms of therapy are
more likely to refer infections as a trigger of psoriasis. While only 18.6% of patients treated
with topical agents invoked infections as a disease trigger factor, 30.1% of those treated with
conventional systemic drugs and 32.1% of patients on biologic agents indicated infections
as a trigger factor of their disease (statistical results from group 1 significantly differed from
group 2 and 3, p=0.047, fig. 5, table 6). Concretely, a clear and statistically significant
difference was observed between patients treated topically and systemically for “viral upper
respiratory tract infections” (statistical results from group 1 significantly differed from group
2 and 3, p=0.049, fig. 6, table 7). In this case, 3.4% of those treated topically refered a viral
upper respiratory tract infection as a trigger factor of psoriasis, while 10,8% of patients on
conventional systemic agents and 11.6% of those treated with biologic agents described the
same type of infection as a trigger factor of their skin disease. The fact that psoriasis can be
triggered by upper respiratory tract infections is not new (Sbidian et al. 2019), (Weisenseel
etal. 2002), (Raychaudhuri, Maverakis, and Raychaudhuri 2014), though, our study suggests
a relationship between psoriasis severity and these trigger factors. We also verified a
possible association between patients’ therapy, and disease onset life stage, concretely
periods of possible hormonal variations. While no patients on conventional systemic drugs
and only 0.8% of patients on topical therapy invoked hormonal variations as a possible
disease trigger factor, 4.5% of patients on biologic therapy referred worsening of their
condition during these periods (this difference between group 3 and the remaining groups
revealed to be statistically significant, p=0.045, fig. 7, table 8). Ceovic (Ceovic et al. 2013),
Islam (Islam et al. 2011) and Murase (Murase et al. 2005) already wrote about how puberty,
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premenstrual states and menopause can lead to psoriasis flare-ups in women. We found no
studies suggesting periods of hormonal variations as an independent prognostic factor of the
disease; our results suggest that patients in which psoriasis is triggered by periods of

hormonal variations might suffer from a more severe form of the disease.

Tab. 15 Psoriasis trigger factors and type of therapy

Specific factor ANOVA Chi-square test
Pregnancy p=0.051 p=0.051
Stress p=0.267 p=0.265
New drugs - p=0.395
Onset of atopic eczema - -

Trauma p=0.405 p=0.403

Any infection p=0.047* p=0.047*

Infections of the respiratory
p=0.026* p=0.026*
tract

Viral uppie:f::::::tory tract D=0.049% D=0.049%
Bacterial tonsillitis p=0.411 p=0.409
Pneumonitis p=0.527 p=0.524
Mycotic infections p=0.439 p=0.437
Unknown infections p=0.134 p=0.134

Hormonal changes p=0.045% p=0.045%
Exotic/irritant foods p=0.226 p=0.224
Weather changes p=0.469 p=0.466
Alcohol p=0.397 p=0.394
Significant weight changes p=0.251 p=0.249
Other factors p=0.515 p=0.513

Psoriatic patients are at higher risk of suffering from anxiety and depression (Nelson et al.

2013), (Mattei, Corey, and Kimball 2013), (Tsai et al. 2011), (Wade et al. 2016), (M. A.

84



Gupta and Gupta 1998). Psoriasis severity also seems to be directly proportional to
depression severity (M. Gupta et al. 1993). Our study supports such results: while only 5.1%
of patients on topical therapy suffer from depression, 14.5% of those treated with
conventional systemic drugs and 16.1% of patients treated with biologic agents are depressed
(statistical results obtained from group 1 significantly differed from group 2 and 3, p=0.020,
fig. 8, table 9). Besides, 2.5% of patients on topical therapy refered they are followed by a
psychologist, while 8.4% of those on conventional systemic drugs and 13.4% of patients on
biologic therapy revealed having psychotherapy (values obtained for group 1 and 3
statistically differ from group 2, p=0.010, fig. 11, table 13).

We noticed that patients treated systemically use statins more than those treated topically.
Concretely, while only 11.9% of those treated with topical drugs use statins, 21.7% of
patients on conventional systemic drugs and 24.1% of those treated with biologic agents use
statins (statistical values revealed by group 1 were significantly different than group 2 and
3, p=0.044, fig. 10, table 11). The European Cardiology Society and European
Atherosclerosis Society recommend maitaining a certain LDL-c (low-density lipoprotein
cholesterol) based on the patient’s CVD (Mach et al. 2020). Thus, we may conclude that
patients on systemic agents do have a higher CVD because they use statins more than the
group treated with topical drugs. This link has already been demonstrated (Chiriac,
Podoleanu, and Azoicai 2017), (Abuabara et al. 2010), (Gelfand et al. 2007), (Gelfand et al.
2006).

Hyperuricemia was also found to be associated with more agressive psoriasis therapy. While
only 1.7% of the patients on topical therapy had a history of high serum uric acid
concentrations (SUAC), 7.2% patients on conventional systemic drugs and 9.8% of patients
on biologics revealed suffering from hyperuricemia (statistical results from groups 1 and 3
significantly differed from group 2, p=0.031, fig. 9, table 10). Multiple authors have already
described about how psoriasis is associated with hyperuricemia (Gisondi et al. 2014),
(Alpsoy et al. 2014), (Zhou Z et al. 2013), (Zhang et al. 2012), (Ibrahim et al. 2012), (Isha,
Jain, and Lal 2011), (Severin et al. 1999), (Merola et al. 2015), (Gui et al. 2018), however

studies trying to establish linear correlations between SUAC and psoriasis severity have
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reported inconsistent results. Gisondi and others have described a linear relationship between
SUAC and PASI (Sterry, Strober, and Menter 2007), (Gisondi et al. 2014), (Gelfand et al.
2006), (Kwon et al. 2011), (Eisen and Seegmiller 1961), (Baumann and Jillson 1961),
(Tickner and Mier 1960), (Sommer et al. 2006), (Neimann et al. 2006), (Murray et al. 2009),
(Shiraishi and Une 2009), however a meta-analysis including 29416 patients have failed to
show a direct association between SUAC and psoriasis severity (Li et al. 2016). Our results
rather follow Gisondi’s: it seems like the more severe psoriasis a patient suffers from, the
highest his/her chance of having high SUAC — nevertheless, this topic remains controversial,
further research is needed. A direct correlation between psoriasis severity and nonspecific
noninfectious liver disease was also observed. Regarding possible infectious hepatopathies,
only 1.7% of patients on topical therapy answered positively, no patients treated systemically
revealed recent infectious hepatopathies, and these results were ultimately not statistically
significant. Regarding nonspecific noninfectious liver diseases, results revealed a direct
correlation between psoriasis severity and this group of hepatopaties: while no patients on
topical therapy refered suffering from liver diseases, 3.6% of those on conventional systemic
agents and 8.9% of patients treated with biologics invoked history of nonspecific
noninfectious liver disease (statistical results from groups 1 and 3 significantly differed from
group 2, p=0.005, table 12). Alcohol consumption and BMI did not statistically vary
according to therapy type, however we cannot 100% exclude their presence in the past.
Gisondi and Miele were already able to prove a link between psoriasis and nonalcoholic fatty
liver disease independent of alcohol intake, obesity, and hepatotoxic medications (Gisondi
et al. 2009), (Miele et al. 2009). Regarding psoriasis severity, Gisondi described a strong
linear correlation between psoriasis severity and NAFLD (Gisondi et al. 2009), while Miele
and Van der Voort rejected this hypothesis (Miele et al. 2009), (van der Voort et al. 2014).
Most authors seem to agree that this link does exist (Yeung et al. 2013), (Madanagobalane
and Anandan 2012), (Narayanasamy et al. 2016), (Barak et al. 2009), (Harada et al. 2009),
(Ogdie et al. 2018). The fact that NAFLD and NASH are associated with an increased
likelihood of developing CVD could help explaining why some of our patients suffer from
a higher risk of CVD (Villanova et al. 2005).
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Tab. 16 Suggested psoriasis prognostic factors

Viral upper respiratory Hormonal
Increased Early age of _ ) )
Male gender . infections as a trigger changes as a
height onset )
factor trigger factor
p<0.001* p<0.001* p<0.001* p=0.049* p=0.045%

Tab. 17 Conditions associated with moderate-to-severe psoriasis

) Increased cardiovascular o Nonspecific noninfectious liver
Depression . Hyperuricemia .
risk disease
p=0.020%* p=0.044* p=0.031* p=0.005*

We also faced several limitations. To start with, we acknowlegde that our study population
is relatively small. Besides, the fact that 9 (3.1%) patients were treated with both
conventional systemic agents and biologics concomitantly was not optimal; nevertheless,
these patients represent a very small proportion of our study group, hence it is unlikely that
this has affected our results. Another limitation was the fact that patiens were already being
treated for some time when our study started: in this fashion, we cannot exclude that some
of the diseases that we assumed being related to psoriasis severity were, in fact, adverse
events of those same therapies (ex. liver disease due to methotrexate hepatoxicity). We also
recognize that the ideal conditions were if psoriasis severity scores were followed in

untreated patients; however, we also aknowlegde that such conditions are unrealistic because

a patient with severe psoriasis eventually needs to be treated systemically.
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Conclusion

We verified that psoriasis severity is directly related to an increased risk of cardiovascular
disease, depression, hyperuricemia and nonspecific non-infectious liver disease. Moreover,
male gender, increased height, early age of disease onset (till 25.9 years), and trigger factors
such as puberty, menopause/andropause and viral upper respiratory infections seem to be
prognostic of higher degrees of psoriasis severity. Although, some of the above-mentioned
comorbidities and epidemiological characteristics have already been associated with
psoriasis, it is the first time, to our knowledge, that increased height and puberty,
menopause/andropause are considered independent prognostic factors of psoriasis severity.
Our study proposes a series of prognostic factors and conditions that can help one estimating
patient’s clinical outcome. Long-term studies comparing the evolution of psoriasis severity

scores in untreated patients are needed to confirm this theory.
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Abstract

Background: Although biologic agents are very effective, solid data proving they are safer

than other therapies in psoriasis are still lacking.

Methods: A total of 289 psoriatic patients were followed for 30 months; of which number
118 were treated with topical agents alone, 112 received biologic agents, and the remaining
59 patients were on non-biologic systemic agents. The rates of adverse events in these groups

were recorded and statistically analyzed.

Results: Patients treated with biologic agents had higher rates of adverse events (p=0.017),
including overall infections (p=0.003), respiratory infections (p<0.001), renal, urinary
(p<0.001), musculoskeletal, connective tissue (p<0.001, and p=0.021) and oral cavity-
related (p=0.046) disorders. Except for the incidence of infections, all the above adverse
events occurred more often in our study than in clinical trials. The occurrence of serious
adverse events was p=0.066, with the incidence of serious infections being p=0.164. Unlike
patients on topical therapy and non-biologic systemic agents, patients treated with biologic
agents were forced to discontinue their therapies (p=0.001). The Psoriasis Area Severity
Index (PASI) and Body Surface Area (BSA) scores were the lowest among patients on

biologic agents.

Conclusion: While biologic agents were the most effective therapies, they were associated
with higher rates of treatment discontinuation and adverse events in comparison with other
forms of therapy.

Keywords

adverse events; biologic agents; drug safety; psoriasis; non-biologic systemic agents;

psoriasis treatment
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Introduction

Psoriasis is an immune-mediated skin disease with a prevalence of 1-3% in adults (Luigi
Naldi 2004). Not only does it impair one’s quality of life, it is tightly linked to several
comorbidities (Smith and Barker 2006), (Parisi et al. 2013), (Feldman et al. 1997),
(Hercogova et al. 2010). Until 2003, topical therapy, phototherapy and use of non-biologic
systemic agents (NBSAs) were the only possible therapeutic options in psoriasis. With
evolving knowledge of the immunopathogenesis of the disease process, a new and
revolutionary form of therapy called biologic agents (BAs), otherwise known as biologics,
has emerged (Hassan et al. 2013). These have proved to be the most effective therapies
(Gisondi et al. 2008) (Piaserico et al. 2014) (Barker et al. 2011) (Saurat et al. 2008) (Au SC,
Madani A, Alhaddad M, Alkofide M 2013) (Schmitt et al. 2008); however, consistent and
solid data from long-term studies on the safety of these agents are still lacking when
compared with the other forms of therapy. Unsurprisingly, with the implementation of longer
follow-ups, reports of serious adverse events (SAEs) are slowly emerging (Schwab et al.

2012). It is therefore imperative to explore the safety profile of biologic agents.
The objective of our study was to compare the occurrence of AEs in three groups of psoriatic

patients on different therapeutic regimens: topical therapy, non-biologic systemic drugs and

biologic agents.
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Materials and methods

We performed a prospective, observational cohort study with a total of 289 psoriatic patients
followed for 30 months: 156 (54%) were men, 133 (46%) were women, their mean age was
48 (6-86) years and their mean BMI (body mass index) 28.3 (14.5-66.7) (Fig. 1). A total of
118 were treated with topical agents alone, 83 used non-biologic systemic drugs, and 122
received biologic agents (Table 1). Patients suffered from different forms of the disease: 227
(78.5%) patients had plaque psoriasis, 130 (45.0%) scalp, 112 (38.7%) nail, 23 (8.0%)
palmoplantar, 9 (3.1%) inverse and 1 (0.3%) the guttate form of the disease.

During our study, some patients were forced to switch to other agents within their
stratum/type of therapy, while others had to be switched to another type of therapy. The most
common reasons for this included drug intolerance or loss of efficacy. Specifically, 24
(8.3%) of our patients used both non-biologic systemic drugs and BAs during the research
period; of these, nine (3.1%) individuals used acitretin and methotrexate concomitantly with
a BA, the remaining 15 (5.2%) were receiving only one systemic agent at a time. For this
reason, patients were included in as many groups as many therapy(ies) they had, that is, if a
patient was on a NBSA, but was later forced to initiate a BA, they were included in both
groups (NSBA and BA). Patients using any form of therapy/agent for less than eight weeks
were not included in our study. The only exclusion criterion was unwillingness to participate
in the study. All patients were treated according to the recommendations of the Summary of

Product Characteristics (SPC) of each drug.
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Fig.1 Population comorbidities - comparison of the prevalence of the most common
comorbidities found among all treated groups (the three treated groups include patients on

topical therapy, non-biologic systemic agents, and biologic agents)

Tab. 1 Study population therapies

1) off-label
Group of Class of drugs/ Number of
) Type of therapy ) )
patients Specific agent patients
Corticosteroids
Keratolytics
| Topical therapy Vitamin D derivatives 118

Tacrolimus/pimecrolimust)

Coal tar and its derivates

Acitretin 34
Non-biologic
2 ) Cyclosporine 13
systemic agents

Methotrexate 51

Infliximab 11

Secukinumab 17

3 Biologic agents Etanercept 21
Ustekinumab 33

Adalimumab 41
Total 289

Once our study started, all patients were requested to attend regular follow-up visits every
three months. During these visits, detailed records of each patient’s status, disease
progression, and possible AEs were obtained. Complete physical examinations were
performed, and BSA (body surface area) plus PASI (Psoriasis Area Severity Index) scores
recorded at each visit. Furthermore, five ml of urine (U) and 12 ml of serum (S) and plasma
(P) were collected for basic laboratory tests. Patients treated with a BA were also tested for

auto-antibodies and Quanti-FERON-TB Gold, followed by annual lung function tests.
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We used Edwards‘ definition of AEs (Edwards and Aronson 2000) and European Medicines
Agency’s (EMA) definition of serious AEs (“No Title,” n.d.). Serious infections were
defined as all serious AEs classified as “infections and infestations” according to the System
Organ Class of the Medical Dictionary for Regulatory Activities (version 16.0) (SAS 2013).
Based on this system (SAS 2013), we grouped the AEs according to the affected system with
two minor adaptations. The first one consisted of all corresponding infections and
infestations to each affected system, with the exception of dermatological, respiratory and
urinary infections. The second one was the creation of a separate category for all oral cavity-
related disorders. For systemic antibiotics (ATBs) that patients failed to identify, a separate

category designated as “unknown antibiotics” was created.

As some patients used more than one type of therapy during our study period, all AEs and
lab results corresponding to each six-month interval were carefully paired with the type of
therapy used during the very same time interval. Results were then statistically processed
using standard ANOVA with one fixed factor (type of therapy) and one repeated factor (six-
month interval). Fischer s least significant difference (LSD) post-hoc tests were then applied
to all statistically significant results. Lastly, chi-squared tests were performed for all
parameters to check whether there was a statistically significant difference between the

expected versus observed frequencies.
This study was approved by the Ethics Committee of Charles University, Second Faculty of

Medicine in Prague, and patients were recruited into the study after informed written consent

had been obtained.

107



Results

During the 30 months of follow-up, AEs were reported in 116 cases in patients receiving
topical agents, 121 cases in patients treated with NBSAs and in 260 cases in patients on BAs.
We observed a higher occurrence of all AEs combined in the group treated with biologic
agents (BAs) compared with patients using topical agents (p=0.017) (Figs. 2 and 3, Table
2). No significant difference was observed between the groups treated with topical versus
non-biologic systemic agents but, also, between patients receiving non-biologic systemic

versus biologic therapy.

Patients on BAs were more likely to develop more non-infectious renal and urinary
disorders, whereas no cases of AEs suggestive of non-infectious renal and urinary disorders
occurred in those treated with topical agents and/or NBSAs (p<0.001) (Table 2). Higher
incidence rates of non-infectious renal and urinary disorders were reported in BA-treated
patients, with the numbers being four (4.1%) patients (p=0.032) after 1.5 years of therapy,
and five (5.2%) patients at two years of therapy (p=0.013) (Table 2).

100%
80%
60%
40%
20%
0%
Topical Conv. syst.  Biological
therapy agents therapy
(n=75) (n=65) (n=97)

Fig. 2 Overall rates of adverse events throughout the study (p=0.017) - comparison of the
overall incidence of adverse events between all treated groups (p=0.017) (the three treated
groups include patients on topical therapy, non-biologic systemic agents, and biologic

agents)
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Number of statistically significant
semesters
N

Infections of the Overall occurrence Noninfectious renal Musculoskeletal Oral cavity Overall AE
respiratory tract of infections/usage and urinary and connective disorders occurrence
of systemic disorders tissue disorders #)

antibiotics 1’) 1) 1 p-value on the border of stat. significance
#) 2 p-values on the border of stat. significance

Fig. 3 Biologic agents’ most frequent adverse events - comparison of the most frequent
types of adverse events experienced by patients treated with biologic agents throughout our

study (the y-axis represents time and is divided into five 6-month-periods)

Adverse events related to musculoskeletal and connective tissue disorders in the first six
months (after study initiation) were reported in 15 (16.5%) psoriasis patients treated with
BAs, in four (8.9%) on non-biologic systemic therapy, and in none receiving topical therapy.
At one year of follow-up, AEs were documented in ten (10.3%), four (9.5%) and two (1.7%)
patients receiving BAs, NBSAs, and topical agents, respectively. Compared with patients on
topical agents, AEs in patients on BAs and NBSAs at six months (p<<0.001) and one year of
treatment (p=0.021) occurred more often in BA-treated patients (Table 2).

Patients on BAs also experienced more oral cavity-related AEs than the remaining groups.
Over the 30 months of follow-up, patients receiving BAs had more oral cavity-related events
in the first (p=0.035) and second years (p=0.032); four patients (4.1%) compared with none
in the other groups (Table 2).

Higher rates of respiratory tract infections among patients treated with BAs were also noted
throughout the study (p<0.001), (Fig. 4; Table 2). On average, 3.9% of patients on topical
therapy were diagnosed to have a respiratory tract infection, while the respective figures in

those on NBSAs and BAs were 20.3% and 25.1%, with 93.3% of the infections involving
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the upper respiratory tract. Whilst, after one year of therapy, occurrence of these infections
differed significantly between all treated groups, the rates of topically and BA-treated
patients differed significantly from those treated with non-biologic systemic agents in the

remaining six-month periods.

Tab. 2 Occurrence of AEs arranged by system organ class

6-month periods Averag
System Th e (all 6-
organ or 1 2 3 4 5 month
classes and a periods)
other P 0 1 1 1 2 | anov
parameters | Y | %) ANAOV n (%) AN/:)V n (%) AN/:)V n (%) AN[?V (%) A\E\f "
5 2 2 1 3
Respiratory | 'L | (4.2%) (3.4%) (1.7%) 93%) caw |
1 * % - <().!
. th:ll“;uc ];\IS 10 0.001%; 12 <0.901 9 <0.901 14 <0.(!01 8 1% 0001
) * o 5 0 5 o, 5 o 0.00 -
mediastinal | A | @220 | 0001 | @8.6%) | 00 | 090%) | o d | Q98%) | g gqe | (148%) | <08
disorders B 16 28 25 32 30
A | (17.6%) (28.9%) (25.8%) (33.0%) (28.6%)
- 6 13 10 20 8
Skin and (5.1%) (11.0%) (8.5%) (16.9%) 63%) | o015
subcutaneou ];\IS 7 0.085; 7 0.589; 10 0.076; 8 0.745; 12 *3 0.038*
s tissue S [ asew) | 00ss | a67%) | 0592 | @13%) | 0076 | (17.0%) | 0747 | 22%) | oos | *
3 %
disorders B 7 14 14 13 15
A | 37w (14.4%) (14.4%) (13.4%) (14.3%)
2 0 0 0 1
Non- T (7% (0.0%) (0.0%) (0.0%) 0.8%)
infectious 1 X1 0 0.667; 1 0.170; 0 0.032%; 0 0.013%; 0 L
enal ar ) S 00w | 0670 | @dw) | 0171 | 00%) | 00315 | ©0%) | 0013 [ ©0%) | oo |
disorders B 1 3 4 5 3
A | (L1%) (.1%) (4.1%) (5.2%) 2.9%)
0 0 1 0 1
T (0.0%) (0.0%) (0.8%) (0.0%) 0.8%)
Orateait | o 1 0.327; 0 0.035%; 0 0.542; 0 0.032%; 1 ST oser
0, 0, * 0, 0, * 0, b .
geated L PS | @2%) | 0330 | 00%) | 0.035% | ©00%) | 0545 | 00%) | 00315 | (1.9%) | 5
B 1 2 0 3 2
A | (L1%) 4.1%) 0.0%) (4.1%) (1.9%)
- 0 0 0 0 1
(0.0%) 0.0%) 0.0%) 0.0%) 0.8%)
Hepatobiliar é‘ls | 0.327; 1 0.045%; 0 0.426; 1 0.088; 0 0.509 0.002%
ydisorders | 50 | 220%) | 0330 | @4%) | 0045¢ | ©0%) | 0429 | @i%) | 0089 | ©0%) | ¢, | "
B 1 5 1 3 0
A | (L1%) (5.2%) (1.0%) (4.1%) 0.0%)
- 0 1 0 0 1
(0.0%) (0.8%) 0.0%) 0.0%) o8 |
Gastrointesti ];\]s 4 0.010% ; 2 0.287; 0 0.032%; 2 0.014%; 8 ; 0.002%
nal disorders | 0 | (8.9%) | 0.010% | @8%) | 0289 | 0.0%) | 00316 | @3%) | 0.014% | (48%) | <000 | &
p
B 3 2 2 7 5
A | @4%) 2.1%) 4.1%) (7.2%) (4.8%)
0 2 5 9 I
Musculoske | L | (0.0%) (1.7%) 4.2%) (7.6%) ©.3%)
*
fetal and - N 4 <0.001 4 0.021%; 5 0.054; 4 0.977; 6 0.759
connective BS H 0.002*
nnect S 9% | o | ©3%) | 0021s | o6 | 0054 | @5%) | 0977 | (11%) | 2
disorders B 15 10 13 8 8
A | (165%) (10.3%) (13.4%) (8.2%) (7.6%)
4 6 2 3 11
. T 0 0 0 o o 0.001*
Infcctéons N O8% | 3y 1033 | oo 169 | s L@0w |00 | azew | 00 votoe
infcgt';ﬁons BS 11 0.199 12 0.006* 10 0.120 17 0.026* 14 <0.00 :
NIRCED (31.6%) (22.2%) (37.8%) (264%) | 1*
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B 15 24 25 26 25
A | (16.7%) (25.0%) (26.0%) (26.8%) (24.0%)
T 3 4 1 11 4
(2.5%) (3.4%) (0.8%) (9.3%) (3.4%)
i %* %* <0.00
(::Sf;lc:::::y ];\IS 6 0.005%; 12 <0.(301 8 <0.(301 13 <0.(!01* g T -
o o 5 0 > 0 > ) 0.00 .
A | (133%) | 0005 | @86%) | o | UT0%) | g dope | CTT%) | g ggpe | (148%) | <08
B 13 28 22 32 28
A | (143%) (28.9%) (22.7%) (33%) (26.7%)
T 2 4 1 3 2
(4.9%) (8.9%) (2.0%) (3.1%) @3%) | o002
Use of syst. ];\IS 5 0.517; 3 0.611; 2 0.283; 4 0.031%; 4 *3 0.003%
antibioties | " | (119%) | 0419 | (7.9%) | 0193 | (44%) | 0053 | (89%) | 0011 | (7.7%) | 0.002 |
*
B 9 14 11 12 18
A | (10.0%) (14.6%) (11.5%) (12.4%) (17.3%)
o 13 19 15 40 29
(31.0%) (42.2%) (29.4%) (40.4%) B3.0%) | 4 o1
overall | N | 2 0.123 ; 24 0.131; 23| 0.038% 27 | 0.003% | 25 “ | oorr
of AEs A (52.4%) 0.125 (63.2%) 0.132 (52.3%) 0.038* (60.0%) 0.003* (47.2%) 0.016 :
%
B 41 55 47 62 55
A | (45.6%) (56.7%) (49.0%) (63.9%) (53.4%)

Note. n = absolute number of patients; TT = topical therapy; NBSA = non-biologic systemic agent; BA =
biologic agent

pratory_tract_during_study
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Infections_of_res

Treatments; means

Cument effect: F(2, 215)=40.955, p=0.0001

Vertical columns denate: means +/- standard emars
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Conv.systemic

Treatments

Biological

Fig. 4 Overall rates of respiratory tract infections (p<0.001) - comparison of the overall

incidence of respiratory tract infections between all treated groups during our study

(p<0.001) (the three treated groups include patients on topical therapy, non-biologic

systemic agents, and biologic agents)
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Besides, patients treated with BAs used, and required treatment with systemic antibiotics
more often than the other two groups (Table 2). By the end of our study, 18 (17.3%) BA-
treated patients were taking at least one antibiotic and three (3.1%) patients were on dual
antibiotic therapy, whereas only four (7.7%) patients were receiving NBSA and two (2.3%)
topical agents concomitantly with one systemic antibiotic (p=0.020) (Table 2). Similar
differences were also noted after the two-year period (p=0.011 [ANOVA]; p=0.031 [chi-
squared tests]), hence p=0.003 (ANOVA) was obtained for the overall usage of systemic
antibiotics (Fig. 5) (Table 2).

We report 8 cases (7.2%) of patients on BAs who were forced to discontinue, either
temporarily or permanently, their treatment due to AEs, with some of the latter classified as
serious AEs (Table 4). When compared with patients on BAs, no patients treated topically
or with NBSAs discontinued their treatment (p=0.001). Throughout the study, three patients
on BAs developed a serious AE (two malignancies and one case of systemic lupus
erythematosus) (p=0.066) (Table 4). The rates of malignancies in our study were p=0.164.
The incidence of serious infections between the three groups was p=0.164. No deaths

occurred during follow-up.

Treatments, means
Current effect: F(2, 117)=6.056, p=0.0021

Vertical collumns denote: means +/- standard emors
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Fig. 5 Overall usage of systemic antibiotics (p=0.003) - comparison of the overall usage of

systemic antibiotics between all treated groups during our study (p=0.003) (the three

treated groups include patients on topical therapy, non-biologic systemic agents, and

biologic agents)

Despite the various above AEs, BAs seem to be the most effective form of therapy.

Compared with patients treated with NBSAs and/or topical agents, individuals on BAs were

the closest to disease remission for 60% of the time of our study — PASI scores (p=0.001),
(Fig. 6); BSA (p<0.001), (Fig. 7), (Table 3).

Tab. 3 PASI and BSA scores throughout the study

6-month periods Average
all 6-
Type | Type of 1 2 3 4 5 r(nonth
of treatmen .
score t periods)
Scor ANOV Scor ANOV Scor | ANOV Scor ANOV Scor ANOV ANOV
e A e A e A e A e A A
PAS TT 3.7 24 2.8 4.8 3.6
I NBSA 8.2 0.002* 2.9 0.899 4.8 0.003* 4.6 <0.001* 3.9 0.441 0.385
BA 2.8 3.0 1.8 1.8 2.8
TT 5.5 34 3.5 6.0 4.1
BSA NBSA 12 0.003* 4.5 0.755 6.7 <0.001* 53 <0.001* 4.3 0.607 0.114
BA 4.8 4.6 2.3 2.2 33
Note.

Area Severity Index; BSA = Body Surface Area

FPAS|_4

Trestments; means
Cument effect: F(2, 188/=13.210, p=0.0001
Vertical columns dencte: means +- standard emcrs

Topical

Conv.systemic

Treatments

Biclogical
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Fig. 6 PASI scores (fourth 6-month period) (p<0.001) - comparison of the average PASI
score among patients in each treated group in the fourth 6-month period of our study
(p<0.001) (the three treated groups include patients on topical therapy, non-biologic

systemic agents, and biologic agents)

Treatments; means
Current effect: F{2, 20814180, p<0.0001
Vertical columnsdenots: means +/- standard emors
Filti]
T.0
6.5
6.0
55
5.0
T 45
I
2 oan
35
3.0
25
20
1.5
1 l.:| 1 1 -
Tapical Conv.systemic Biolagical
Treatments

Fig. 7 BSA scores (fourth 6-month period) (p<0.001) - comparison of the average BSA
score among patients in each treated group in the fourth 6-month period of our study
(p<0.001) (the three treated groups include patients on topical therapy, non-biologic

systemic agents, and biologic agents)
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Tab. 4 Discontinuation of biologic agents

Adalimumab | Etanercept | Infliximab | Ustekinumab | Secukinumab
Pregnancy 0 1 pause 0 0 0
Erysipelas 1 pause 0 0 0 0
Infections Urinary tract
. . 1 pause
infection
Malignancy (breast cancer) 1 end 0 0 1 end 0
Positive QNF-TB Gold 1 end 0 0 0 0
Surgery (total knee I pause 0 0 0 0
replacement)

Autoimmune diseases (SLE) 1 pause 0 0 0 0
Total 5 (4.5%) 2 (1.8%) 0 1 (0.9%) 0

Note.

QuantiFERON-TB (tuberculosis); SLE = systemic lupus erythematosus

Percentages are based on the total number of patients treated with biologic agents; QNF-TB =

No significant differences in the incidence rates of cardiovascular, eye, endocrine,

psychiatric, nervous system, blood and lymphatic system, ear and labyrinth, metabolic and

nutrition, reproductive system and breast disorders, benign and malignant cancers, sexually

transmitted diseases, use of topical antibiotics and hospitalizations were seen between the

three groups during follow-up.
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Discussion

The incidence rates of all AEs combined were higher for patients who received BAs than for
other patients throughout the 2.5-year study period. Only few studies have directly compared
the former with NBSAs. The vast majority of these studies either put BAs at the same level
of safety or even labeled them as the safer alternative (Garber C, Plotnikova N, Au SC,
Sorensen EP 2015), (K. Reich et al. 2015), (Carretero et al. 2015), (Medina et al. 2015),
(Montes-Torres et al. 2019), (Kristian Reich et al. 2010), as confirmed by a meta-analysis of
randomized controlled trials (Schmitt et al. 2008) We did not find any studies similar to ours
demonstrating an overall higher incidence of AEs among patients treated with a BA than
with NBSAs. Our research also suggests no incidence of delayed AEs: although there was a
significant increase in the occurrence of AEs after 1.5 years (49.0%) and two years (63.9%)

of therapy, we did notice a decrease of AEs after 2.5 years (53.4%).

Patients treated with BAs developed non-infectious renal and urinary disorders. While
urinary tract infections were the most common AEs, our results were not statistically
significant  throughout the study. Other fairly frequent AEs included
dysmenorrhea/amenorrhea and prostate hypertrophy. Taking into consideration all five six-
month periods together, the overall occurrence of these AEs was 3.3%, outcomes
comparable with those reported in clinical trials with infliximab and adalimumab, where
renal and urinary disorders were classified as common AEs (incidence >1% to <10%)
(“Summary of Product Information - Humira (Adalimumab),” n.d.), (““Summary of Product
Information - Remicade (Infliximab),” n.d.). The SPCs of the remaining BAs do not give the
occurrence of these AEs (“Summary of Product Information - Enbrel (Etanercept),” n.d.),
(“Summary of Product Information - Stelara (Ustekinumab),” n.d.), (“Summary of Product

Information - Consentyx (Secukinumab),” n.d.).

Musculoskeletal and connective tissue disorders seem to occur more often among patients
treated with BAs. While, in the first year of our study, an average 0.85% of those treated
with topical agents developed musculoskeletal and connective tissue disorders, these AEs

were reported in 9.2% and 13.4% of patients treated with NBSAs and BAs, respectively. It
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is not quite clear why these AEs were only experienced in the early period of our study, but
BAs have been suggested to neutralize nociceptive joint pain even before starting to exert
their anti-inflammatory effect (Hess et al. 2011). The most common AEs included general
arthralgia, enthesopathy and new-onset osteoarthritis (involving mostly the spine). With an
overall occurrence of 11.2% in the group on BAs during our study period, our results are
comparable with those obtained in clinical trials with adalimumab, but substantially superior
to those reported for other BAs (“Summary of Product Information - Humira
(Adalimumab),” n.d.), (“Summary of Product Information - Remicade (Infliximab),” n.d.),
(“Summary of Product Information - Enbrel (Etanercept),” n.d.), (“Summary of Product
Information - Stelara (Ustekinumab),” n.d.), (“Summary of Product Information - Consentyx

(Secukinumab),” n.d.).

Also, oral cavity-related AEs seem to affect particularly psoriatics treated with BAs more
frequently than patients receiving other therapies. The most common AEs included dry
mouth and gingivitis. We investigated whether these AEs were not related to a recent switch
from a NBSA to a BA (acitretin causes such an AE (“Summary of Product Information -
Neotigason (Acitretine),” n.d.)): however, we excluded this hypothesis since all patients
experiencing these AEs had been on a BA for many years prior to enrolment into our study;
we are unable to establish whether these AEs were of infectious or non-infectious etiology.
We are also unaware of any other studies explicitly comparing this type of AEs. The overall
incidence of oral cavity-related disorders in our BA-treated patients was 2.2%, and the SPCs
of all tested BAs do not list any AEs (“Summary of Product Information - Humira
(Adalimumab),” n.d.), (“Summary of Product Information - Remicade (Infliximab),” n.d.),
(“Summary of Product Information - Enbrel (Etanercept),” n.d.), (“Summary of Product
Information - Stelara (Ustekinumab),” n.d.), (“Summary of Product Information - Consentyx

(Secukinumab),” n.d.).

Patients on BAs had higher rates of respiratory tract infections than the other groups
throughout the study. Our results are consistent with those obtained in other clinical trials
(“Summary of Product Information - Humira (Adalimumab),” n.d.), (“Summary of Product

Information - Remicade (Infliximab),” n.d.), (“Summary of Product Information - Enbrel
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(Etanercept),” n.d.), (“Summary of Product Information - Stelara (Ustekinumab),” n.d.),
(“Summary of Product Information - Consentyx (Secukinumab),” n.d.). The body of clinical
data comparing the AEs experienced during therapy with biologic agents versus other types
of therapy in psoriasis patients is small. Besides Yan, who found no significant differences
in the incidence of these AEs (Yan et al. 2011), we are unaware of any other comparisons of
BAs and NBSAs.

The last year of our study period was marked by more frequent usage of systemic antibiotics
by the group treated with BAs. We may conclude with a relatively high level of confidence
that the BA-treated group had overall higher rates of infections than the remaining groups
throughout the study. Generally, the SPCs of BAs label infections and infestations as a more
common AE compared with the other types of therapy (“Summary of Product Information -
Humira (Adalimumab),” n.d.), (“Summary of Product Information - Remicade
(Infliximab),” n.d.), (“Summary of Product Information - Enbrel (Etanercept),” n.d.),
(“Summary of Product Information - Stelara (Ustekinumab),” n.d.), (“Summary of Product
Information - Consentyx (Secukinumab),” n.d.), (“Summary of Product Information -
Neotigason (Acitretine),” n.d.), (“Summary of Product Information - Sandimmun
(Ciclosporin),” n.d.), (“Summary of Product Information — Jylamvo (Methotrexate),” n.d.).
In similar studies comparing the infection rates between BAs and NBSAs, Piaserico reported
data identical to ours (Piaserico et al. 2014), whereas Garber failed to obtain significant

results (Garber et al. 2015).

Although statistically significant results were found for the rates of gastrointestinal AEs, we
cannot draw any conclusions based on our data, since NBSAs were the class of drugs
associated with the highest rates of AEs at one year whereas, in the last year of the study,

most AEs occurred in BA-treated patients.

A total of 7.2% of patients on BAs discontinued their treatment due to adverse events. During
our study, we identified a total of five patients presenting with positive QNF-TB tests: three
were on a BA (two on adalimumab, one on infliximab), and two were using a NBSA
(cyclosporine). Similar to other studies (Goémez-Reino et al. 2003), we did not classify these

patients as tuberculosis (TB) cases, since they did not present the typical clinical picture.
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Nevertheless, both TNF-a inhibitors and cyclosporine have been commonly associated with
mycobacterial infections (Fonseca et al. 2006), (Brassard, Kezouh, and Suissa 2006), (Wallis
et al. 2004), (Wallis et al. 2004), (Askling et al. 2005), (Dixon et al. 2006), (Tubach et al.
2009), (Winthrop et al. 2013), (John et al. 1994). Regarding malignancies, our results are
consistent with those of a systematic review (Dommasch et al. 2011), three placebo-
controlled studies (Leonardi et al. 2008), (Papp et al. 2008), (Igarashi et al. 2012), and a
study by Gottlieb (Gottlieb et al. 2014). TNF-a inhibitors have been associated with
autoimmune disordes (Pirowska et al. 2015), but, apart from a single case of systemic lupus
erythematosus (SLE), no other patients in our study developed clinical pictures or presented
laboratory results consistent with this type of diagnosis. Lastly, except for ustekinumab
(Leonardi et al. 2008), (Papp et al. 2008), and secukinumab (Thagi et al. 2015), BAs
(specifically TNF-a inhibitors) have been reported to be associated with serious AEs as
compared with non-biologic agents (Garcia-Doval et al. 2012), (Barker et al. 2011), (Kimball
et al. 2015), (Kalb et al. 2015), (Galloway et al. 2011), in our study, serious AE were of

borderline statistical significance.

Nevertheless, BAs seem to be currently the most effective class of drugs: lower PASI scores
and BSA values were obtained during 60% of our study period. Despite the slightly higher
baseline PASI and BSA scores for NBSAs (average baseline PASI score: 8.2 vs 2.8; average
baseline BSA score: 12.0 vs 4.8), statistically significant results were also obtained
throughout the study. The relevant literature is again scarce in such comparative studies:

Zweegers reported a few studies in a systematic review (Zweegers et al. 2016).

Our study has several limitations:

1. The study period was not long, and our patient sample was relatively small — facts
that can theoretically limit the detection rates of delayed and/or rare AFEs.
Nevertheless, most of our patients were already being treated for some time at the
time of their enrolment, which can considerably compensate for this limitation;

2. The fact that nine (3.1%) patients were treated concomitantly with both a NBSA and
a BA was not optimal. However, it is quite unlikely that such a small proportion of

our study group may have biased our results;
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3. We did not consider dose-dependent AEs; NBSAs are toxic when given at higher
doses (“Summary of Product Information - Sandimmun (Ciclosporin),” n.d.),
(“Summary of Product Information — Jylamvo (Methotrexate),” n.d.), (L. Naldi and
Griffiths 2005), (Ho 2004), (Pathirana et al. 2009), (Bissonnette, Ho, and Langley
2009).

4. The group of patients on NBSAs included substantially fewer patients than groups
treated with topical therapy or BAs, which may have resulted in wider confidence

intervals.

It is unlikely that information bias has influenced our results since all records were completed

in the presence of the same doctor.
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Conclusion

In our study, BAs were associated with the lowest safety profile when compared with the
other forms of treatment. Patients treated with BAs showed higher overall rates of AEs,
overall rates of infections, respiratory tract infections, renal, urinary, musculoskeletal,
connective tissue, oral cavity-related disorders, and treatment discontinuation. With the
exception of infections, all the above biologic agent-related AEs occurred more often in our
study than in clinical trials. While the rates of serious AEs were of borderline statistical

significance, those of serious infections were not statistically significant.

Still, biologic agents were the most effective form of therapy when compared with topical

agents and non-biologic systemic agents.
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Abstract

Background: Although biologic agents are very effective, long-term comparative studies

assessing their safety are lacking.

Objectives: To compare and evaluate any potential differences in the occurrence of
adverse events in individual groups of psoriatic patients treated with different biologic

agents.

Methods: A total of 124 psoriatic patients were followed up for 30 months; 74 received
anti-TNF-alpha inhibitors (adalimumab, etanercept, infliximab), 33 were on ustekinumab,
and 17 were treated with secukinumab. The rates of adverse events in these groups were

recorded and statistically analyzed.

Results: Infliximab-treated patients showed a high occurrence of asymptomatic, yet
increased liver enzymes, fatigue, and respiratory as well as skin infections. Adalimumab-
treated patients were more often affected by musculoskeletal disorders and infections of all
types. Patients treated with secukinumab presented with higher rates of cardiovascular
disorders as well as respiratory and skin infections. The group receiving etanercept was
diagnosed more often to have musculoskeletal and reproductive (specifically menstrual)
disorders. The rates of therapy discontinuation and serious adverse events did not reach

statistically significant values.

Conclusion: A higher incidence of adverse events was observed among adalimumab- and
infliximab-treated patients, with ustekinumab found to have the safest profile. Our results
demonstrate that a personalized approach, including evaluation of a patient’s risk profile, is
necessary before commencing a biologic. Further research is warranted to confirm the

findings of our study.

Keywords

psoriasis; biologic agents; safety of biologic agents; adverse events caused by biologic

agents

133



Introduction

Psoriasis is a chronic inflammatory skin disease with a prevalence of 1-3% among adults
(Hassan et al. 2013). Its pathogenesis is based on T-cell dysregulation. Biologic agents (BAs)
opened a new era in terms of pharmacotherapy: with an outstanding effect on symptom
control and prognosis of the disease, they have fundamentally changed the treatment of
psoriasis (Hassan et al. 2013; Smith et al. 2020).

Biologic agents have been shown to have remarkable short and long-term clinical effects.
Currently, TNF-alpha inhibitors and interleukins IL-12, IL-17, and IL-23 (etanercept,
infliximab, adalimumab, ustekinumab, secukinumab, ixekizumab, brodalumab,
guselkumab, tildrakizumab, risankizumab, certolizumab pegol) are available for the
treatment of psoriasis. Despite their beneficial actions (Piaserico et al. 2014; Barker et al.
2011; Au et al. 2013; Schmitt et al. 2008), adverse events (AEs) such as infections, and
malignancies, or immune-mediated complications may occur. These molecules and their
properties differ, hence they can cause different AEs (Schwab et al. 2012; Sbidian et al.
2017).

The aim of this study was to compare and evaluate any potential differences in the

occurrence of AEs in individual groups of psoriatic patients treated with different BAs.

134



Materials and methods

This is a substudy of a 30-month observational cohort prospective study including a total of
289 patients with psoriasis vulgaris and designed to compare the incidence of AEs in a group
of patients (n=124) treated with 5 different BAs (etanercept, adalimumab, infliximab,

ustekinumab, secukinumab) (Tables 1 and 2).

The only two pre-defined exclusion criteria were (1) unwillingness to participate and (2)
therapy with any of the 5 BAs for less than 8 weeks while strictly adhering to the information
about the respective BA’s Summary of Product Characteristics (SPC). Upon therapy
initiation, all study participants were asked to attend regular follow-up visits at a 2—3-month

interval to check their health status, disease activity, and drug AEs should there be any.

Table 1 Study population characteristics

Adalimum | Etanerce | Inflixima | Secukinuma | Ustekinuma Total
ab pt b b b ©
e I IS VTR RN N -+
%) ’ (33.1%) (17.7%) | (8.9%) (13.7%) (26.6%) %)'
77
24 15 10 9 19
0 0
Men,n (%) | (sg.505) | (68.2%) | (90.9%) | (52.9%) (57.6%) (6251 o
Women, n 17 7 1 8 14 (3;1;‘V
(%) (41.5%) (31.8%) | (9.1%) (47.1%) (42.4%) ) °
Smokers, n 8 6 8 6 15 (3j?;fy
(%) (19.5%) (27.3%) | (72.7%) (35.3%) (45.5%) ) °
Age, years 43.0 + 479 + 46.6 +
(mean) 178 173 20 443 +158 | 448+14.2 -
BMI, kg/m> 200+ | 272+
(mean) 27.6 £6.0 578 45 298+7.2 27.7+£59 -

BMI=Body Mass Index; n=number of patients
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Table 2 Characteristics of study population with regard to their comorbidities

Adalimuma | Etanercept | Infliximab | Secukinuma | Ustekinuma
b n=41 n=22 n=11 b n=17 b n=33
(100%) (100%) (100%) (100%) (100%)

Hypertension | 13 (31.7%) | 13(59.1%) | 2(182%) | 7 (412%) | 13 (39.4%)

Dyslipidaemia | 19 (46.3%) | 13 (59.1%) | 5(45.5%) | 7(412%) | 16 (48.5%)

Depression | 5(122%) | 3(13.6%) | 3(27.3%) | 2(11.8%) | 7(21.2%)

Hyperuricemia | 4 (9.8%) 3 (13.6%) 1 (9.1%) 2 (11.8%) 2 (6.1%)

Diabetes
7 (17.1%) 0 (0.0%) 1 (9.1%) 3 (17.6%) 4 (12.1%)
mellitus
Rheumatologic
‘ 13 (31.7%) 3 (13.6%) 5 (45.5%) 7 (41.2%) 4 (12.1%)
diseases
History of skin
' 5(12.2%) 2 (9.0%) 0 (0.0%) 0 (0.0%) 1 (3.0%)
diseases
Thyroid
_ 4 (9.6%) 5(22.7%) 1(9.1%) 3 (17.6%) 4 (12.1%)
disease
Gastrointestina
4 (9.6%) 0 (0.0%) 2 (18.2%) 0 (0.0%) 1 (3.0%)
1 disease
Other

autoimmune | 5(122%) | 1(4.5%) | 3(27.3%) | 2(11.8%) | 3(9.1%)

diseases

Malignancy | 2 (4.9%) 1 (4.5%) 0 (0.0%) 0(0.0%) | 2(6.1%)

Organ
1 (2.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
transplants

Osteoporosis 1(2.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (6.1%)

Chronic heart
1 (2.4%) 1 (4.5%) 0 (0.0%) 2 (11.8%) 0 (0.0%)
failure

n=number of patients
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We grouped the AEs according to the system of organ classes in the Medical Dictionary for
Regulatory Activities (version 16.0) (Garber et al. 2015) with one minor adaptation: except
for skin, respiratory and urinary infections, infections and infestations were included in each
affected system. We used Edwards’ definition of AEs (Edwards and Aronson 2000), and that
of the  FEuropean  Medicines  Agency’s (EMA) of  serious  AEs
(“Https://Www.Ema.Europa.Eu/En/Glossary/Serious-Adverse-Reaction” n.d.).

Complete physical examinations were performed at each follow-up visit. Furthermore, 5 ml
of urine, and 12 ml of serum and plasma were collected for basic laboratory tests. Patients
were also tested for auto-antibodies and Quanti-FERON-TB Gold, with annual lung
examinations. All AEs, and lab results for each 6-month interval were carefully paired with
the agent being used during that very same time interval. Results were then analysed using
standard ANOV A with one fixed factor (type of therapy), and one repeated factor (6-month
intervals). Fischer’s least significant difference (LSD) post hoc tests were subsequently
applied to all statistically significant results. Lastly, chi-square tests were performed for all
parameters to check whether there was a significant difference between the expected versus

observed frequencies.

The present study was approved by the Ethics Committee of the Second Faculty of
Medicine, Charles University, Prague, Czech Republic. Patients were recruited into the
study after informed consent had been obtained.
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Results

The most common AEs registered in our study were infections (143 cases in total). Two
years into our study, infliximab-, and secukinumab-treated patients were more prone to
experience these AEs (chi-square test p=0.001) (Table 3). Regarding respiratory infections,
whereas adalimumab performed the worst in the first semester (n=10, 31.3%, chi-square test
p=0.016), it was infliximab- and secukinumab-treated patients who tended to report more of
these AEs toward the end of the study (infliximab: n=5, 50.0%; secukinumab: n=4, 36.4%;
ANOVA, and chi-square test p<0.001) (Table 3). Skin infections were more frequent in the
last year of follow-up in patients treated with adalimumab, infliximab, and secukinumab (4th
semester: chi-square test p=0.037; ANOVA p=0.035, 5th semester: chi-square test p=0.042;
ANOVA p=0.030) (Table 3). Patients treated with adalimumab were more often affected by
urogenital infections at the end of the follow-up (chi-square test p=0.004; ANOVA p=0.005)
(Table 3).

Reproductive system disorders were more frequent among patients treated with etanercept
during the first year of our study (chi-square test p=0.050; ANOVA p=0.048) (Table 3).
After two years of treatment, this group showed a higher incidence of menstrual disorders

(chi-square test p=0.004; ANOVA p=0.005) (Table 3).

We also recorded a higher incidence of cardiovascular disorders among the study groups.
Cardiovascular disorders occurred more often in the group of patients treated with

secukinumab (ANOVA p=0.028) (Fig. 1).
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Treatments: means
Current effect: F(4, 74)=2.8947, p=.02771
Vertical collumns denote: means +/-standard errors
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Fig. 1 Incidence of cardiovascular disorders throughout the study

A higher incidence of musculoskeletal disorders was noted throughout the study period

among patients treated with etanercept and adalimumab (ANOVA p=0.031) (Table 3).

Within the category of general disorders and administration site reactions, a higher incidence
of fatigue was reported by patients receiving infliximab in the early follow-up period (chi-
square test, and ANOVA p=0.001) (Table 3). However, these AEs did not occur at

statistically significant rates during the rest of the study period.

Patients treated with infliximab showed higher levels of liver enzymes than the remaining
groups. Throughout the entire study period, infliximab-treated patients presented with
alanine transaminase (ALT), and gamma-glutamyltransterase (GGT) levels above the
reference range (ALT: 0.1-0.78 pkat/L; GGT: 0.14-0.68 pkat/L for women, 0.14-0.84
pkat/L for men) (Prisa R 2019), (ANOVA p=0.031 and ANOVA p=0.035, respectively).
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Table 3 Occurrence of AEs arranged by organ class
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ADA=adalimumab; ANOV A=analysis of variance; ETN=etanercept; IFX=infliximab; n=number of patients;
SEC=secukinumab; UST=ustekinumab

A total of 8 patients (6.4%) discontinued therapy: 5 patients (4.0%) temporarily interrupted

their treatment, 3 (2.4%) definitively stopped their therapies (Table 4). Our data suggest that,

apart from a case of pregnancy and one total knee replacement, a total of 6 patients (4.8%)

discontinued their therapies due to possible AEs directly related to treatment with BAs.

Table 4 Reasons for discontinuation of therapy with biologic agents

Adalimumab | Etanercept | Infliximab Secukinumab | Ustekinumab
(n=41) (n=22) (n=11) (n=17) (n=33)
Autoimmune diseases 1.temp. 0 0 0 0
discont.
Skin | temp. 0 0 0 0
. discont.
Infections T temp
Urinary 0 discont. 0 0 0
. 1 perman. 1 perman.
Malignancy discont. 0 0 0 discont.
Positive QNF-TB ! perman. 0 0 0 0
discont.
1 temp.
Pregnancy 0 discont. 0 0 0
Surgical intervention 1.temp. 0 0 0 0
discont.
Total 5(12.2%) 2 (9.1%) 0 0 1 (3.0%)

141



discont=discontinuation; n=number of patients; perman=permanent; QNF-TB=QuantiFERON-TB Gold
temp=temporary

The most common reason for therapy discontinuation were malignancies (2 cases of breast
cancer) in patients treated with adalimumab or ustekinumab; their incidence, however, did
not reach significance in any of the semesters (chi-square test p=0.7; ANOVA p=0.267). The
group of patients most often discontinuing their therapy was that on adalimumab (12.2%,
chi-square test p=0.281); it was also the group experiencing the highest incidence of serious

AEs (7.3%, chi-square test p=0.183).

No significant differences between the individual treatment groups, and their associated diseases
were found (Table 2).
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Discussion

Biologic agents are used to modulate pathological immune reactions involving T and B
lymphocytes, and their respective cytokines. Based on their mechanism of action, they can
be divided into tumour necrosis factor (TNF) alpha-inhibiting monoclonal antibodies
(etanercept, infliximab, adalimumab), IL-17 inhibitors (secukimumab), and IL-12/23

inhibitors (ustekinumab).

Individual subtypes of T-lymphocytes produce specific cytokines that are important in the
pathogenesis of psoriasis. Thl, Th2, T17 play a crucial role in T-helper lymphocyte (Th)-
associated immune reactions. Th1 is important for cell-mediated inflammation and produces
interferon gamma, TNF, and IL-2. Th2 lymphocytes stimulate inflammatory eosinophilic
reactions, IL-4, IL-5, IL-10, and IL-13 production, and antibody formation by B
lymphocytes. Thl and Th2 interact with each other. Interferon gamma, and IL 2 inhibit Th2
lymphocytes, while IL-10 inhibits Th1 lymphocytes (Bettelli et al. 2006; Leung et al. 2007).
Th17 lymphocytes stimulate IL-23 cytokines, keratinocytes, synoviocytes, macrophages,
fibroblasts, and neutrophils, and produce IL-17, which plays a key role in autoimmune tissue
damage (Bettelli et al. 2006; Waite and Skokos 2012; Patel et al. 2013). All the 5 BAs inhibit
TNF produced by Thl lymphocytes.

Again, based on their mechanisms of action, the 5 BAs can be divided into two groups:
soluble receptor antagonists, and monoclonal antibodies (mAbs). Soluble receptor
antagonists bind to serum cytokinins, thereby blocking their capacity to bind to receptors.
Once commenced, their effect sets on within a few days (depending on their plasma
concentration); a representative of these BAs in our study was etanercept. mAbs act against

cytokinins or their receptors; hence, their mechanism of action is more specific.

Likewise, the 5 BAs differ in their structure. Etanercept is a fusion protein comprised of the
p75 tumour necrosis factor (p75 TNF) receptor linked to the Fc portion of human
immunoglobulin G; (IgG1). One etanercept molecule binds two TNF molecules (Burmester
2022). Its receptor binds tightly to the IgG-Fc receptor, thus its half-life is longer than that
of native soluble receptors. Neutralizing anti-drug antibodies are not often elicited by this

class of drugs (Bendtzen et al. 1995). Etanercept is administered subcutaneously once or
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twice weekly (Heaney and Golde 1996). The class of monoclonal antibodies includes
adalimumab, secukinumab, ustekinumab, and infliximab. These are composed of a fragment
antigen-binding (Fab), and an Fc (fragment crystallizable) part of the human
immunoglobulin IgGl or IgG4. The suffix (-umab) indicates fully human mAbs
(adalimumab, secukinumab, and ustekinumab) whereas infliximab is a chimeric mAb (with
both human and murine components) (Manis 2022). Infliximab is composed of 2 murine
variable regions (the kappa chain, and heavy chain variable regions) in the antigen-binding
portion of the molecule; the constant Fc domain is human. It is administered intravenously
once every six weeks (“Https://Www.Drugs.Com/Infliximab.Html” n.d.) Adalimumab is a
recombinant fully human mAb against TNF, and is administered subcutaneously every two
weeks. The risk of anti-drug antibody formation is lower in adalimumab patients compared
with those treated with infliximab, possibly due to the fact that the former is a fully human
mAb. Nonetheless, anti-drug antibody formation can happen (Burmester 2022).
Secukinumab is a fully human monoclonal imunoglobulin Glk antibody administered
subcutaneously every month. It acts by selectively targeting the binding of IL-17A to its
receptor. In this manner, it prevents the downstream release of pro-inflammatory cytokines
and chemokines known to be involved in the pathophysiology of inflammatory and
autoimmune diseases (Patel et al. 2013; Rothstein and Gottlieb 2015; Ramiro et al. 2016;
Genovese et al. 2013). Ustekinumab is a fully human monoclonal immunoglobulin Glk
antibody that targets IL-12 and IL-23 through the binding of the p40 subunit shared by these
two interleukins. It prevents the binding of IL-12 and IL-23 to surface receptors, which leads
to the inhibition of natural killer cell activation, CD4+ T-cell differentiation and activation,
and expression of monocyte chemotactic protein 1 (MCP-1), TNF-alpha, interferon-
inducible protein-10 (IP-10), and IL-8. Ustekinumab is administered subcutaneously at a 12-

week interval (Kavanaugh et al. 2014; Burmester 2022).

Information about the potential AEs of these agents is crucial for a safe therapeutic approach
(“Https://Www.Ema.Europa.Eu/En/Medicines/Human/EPAR/Stelara” n.d.; Kirkham 2022;
Chingcuanco et al. 2016). As it is, there is not yet much robust data on the long-term
incidence of infectious complications among patients receiving BAs. While the British

Society for Rheumatology Biologics Register claims a similar safety profile for these drugs,
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at least among the individual anti-TNF-alpha drugs (Dixon et al. 2007; Rutherford et al.
2018), there have been reports of significantly higher risks of infectious complications
among patients treated with different BAs (Kourbeti, Ziakas, and Mylonakis 2014; Morel et
al. 2017; Garcia-Doval et al. 2017; Davila-Seijo et al. 2017). A higher incidence of infections
has been associated with treatment with infliximab (5.2-fold) and adalimumab (4.1-fold)
compared with etanercept (RR 2.5-fold) (Quartuccio et al. 2019). In our study, significant
incidence of these AEs was observed at the end of follow-up among infliximab and
secukinumab-treated patients (50.0% and 54.6%, respectively). Just another risk factor for
these complications is older age (Quartuccio et al. 2019; Kawashima et al. 2017); in fact,
patients above 65 years of age are at a 4 times higher risk of developing infections
(Quartuccio et al. 2019). Rigorous screening before and during treatment is thus mandatory

to avoid such complications.

Adalimumab-, secukinumab-, and infliximab-treated patients had higher and significant
rates of respiratory infections (31.3%, 36.4%, and 50.0%, respectively). Non-tuberculous
respiratory infections account for almost half of the infections requiring hospitalization
during treatment with biologics (Quartuccio et al. 2019; Sanchez-Moya et al. 2013).
Addressing risk factors is essential for preventing respiratory infections, with smoking being
a modifiable and very important risk factor (Jiang, Chen, and Xie 2020). Our study
population had a high proportion of smokers (34.7%), hence, smoking cessation should be

encouraged among BA-treated patients.

An increased incidence of skin infections among patients treated with BAs has been widely
reported; in fact, among all infection-related hospitalizations, 6.2% are for dermatologic
reasons (Quartuccio et al. 2019; Daudén et al. 2020; Herndndez et al. 2013; Pasadyn et al.
2020). In our study, a higher incidence of these infections was noted in adalimumab-,
secukinumab-, and infliximab-treated patients in the last year of follow-up. The main
complications experienced by our patients included genital, and extragenital warts,
parvovirus, and dermatophyte infections. Infliximab is known to increase the risk of bacterial
skin infections (cellulitis, erysipelas, impetigo) and herpes zoster infections (Davidson et al.

2022). Long-term observational studies of patients treated with adalimumab, infliximab and
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secukinumab reported bacterial (60%), fungal (25%), and viral (13.3%, of which the most
common were human papillomavirus [HPV] warts, representing 7%) infections (Fréling et
al. 2015). Anti-TNF-alpha drugs practically double the risk of HPV and anogenital wart
formation (Georgala et al. 2012; Kane Sunanda, Khatibi Bahar, and Reddy Deepa 2008).
Hence, it is important to advise BA-treated patients about high-risk behaviours, and educate
them about common clinical manifestations so they can seek professional care in a timely

manner.

Overall, urogenital infections were diagnosed in 9 patients (25.0%) treated with adalimumab
during our study. Urinary tract infections account for 2.4% of all hospitalizations for
infection during treatment with biologics (Quartuccio et al. 2019). Women are at a higher
risk when treated with infliximab or anti-IL-17 agents (Sahuquillo-Torralba et al. 2020).

Increased surveillance of these patients is mandatory.

Current data suggest rates of 5.51 infections per 100 person-years, and a 30-day risk of
serious infection leading to 10% mortality (Dixon et al. 2007; Kourbeti, Ziakas, and
Mylonakis 2014; Collins 2018). An increased incidence of serious infections including
tuberculosis (TB) was noted with anti-TNF-alpha mAb treatment compared with soluble
TNF receptor therapy (Tubach et al. 2009; Sanchez-Moya et al. 2013; Puig et al. 2020). We
did not register serious infections (the only reported case of QNF positivity did not present
with a typical clinical picture, hence, similar to other studies (Gomez-Reino et al. 2003), it

was not classified as a TB case).

The effect of BAs on the development of malignancies is not yet clear. While some evidence
suggests a higher incidence of malignancies with anti-TNF-a drugs, a large study including
ustekinumab did not. Studies with other agents are lacking (Haynes et al. 2013; Fiorentino
et al. 2017). In our study, the incidence of cancer was non-significant. Still, breast cancer
was the most common reason for therapy discontinuation in 2 patients receiving adalimumab
or ustekinumab. A direct link between anti-TNF-alpha therapies and tumour formation is
difficult to prove because of patients’ underlying conditions and concomitant use of other

drugs (Hyrich 2022; Symmons 1995; Cibere, Sibley, and Haga 1997). The finding of two
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malignancies in our study underlines the need for careful age-appropriate cancer screening

in patients treated with these agents (Pithadia et al. 2019).

We also observed a higher incidence of menstrual disorders at the end of the follow-up
period among etanercept-treated patients (5 patients, 27.8%). These disorders included
metrorrhagia, dysmenorrhea, and amenorrhea. To the best of our knowledge, there is no data
on the effect of anti-TNF-alpha inhibitors on a women’s menstrual cycle. The relevant
literature provides only information on their safe use during pregnancy, and possible effects

on foetal development (Fasoulakis et al. 2016; Broms et al. 2016).

Also documented was a higher incidence of cardiovascular disorders. Of note were the newly
diagnosed cases of hypertension and arrhythmia. The possible effects of BAs on the
cardiovascular system, and the respective risk factors are subject to long-standing debate
(Egeberg et al. 2018; Ryberg 2013). Concerns about the impact of TNF-alpha inhibitors on
the development of heart failure arose in early post-marketing surveillance (Kwon et al.
2003; Gabriel 2008). Still, anti-TNF-alpha therapy does not seem to increase the risk of

cardiovascular events (Rungapiromnan et al. 2017; Papamichail et al. 2022).

Etanercept- and adalimumab-treated patients reported musculoskeletal disorders more often
than the other patient groups. These disorders included arthritis, osteoarthritis, arthralgia,
ostealgia, muscle spasms, tendinitis, and compression fractures. A rheumatologist excluded
the diagnosis of psoriatic arthritis in 14 of the 20 affected patients. Our findings are
consistent with those found in other studies, that is, patients receiving etanercept tended to
experience musculoskeletal disorders including arthralgia and increased incidence of muscle
spasms whereas individuals treated with adalimumab were found to be at an increased risk

of fractures (Duarte et al. 2017; Daudén et al. 2020).

Patients receiving infliximab had a higher incidence of fatigue which was, however,
significant only at the beginning of the study. This AE is already known from clinical studies

(“Summary of Product Information - Remicade (Infliximab),” n.d.).

Abnormally high levels of ALT and GGT were documented among infliximab-treated
patients throughout the follow-up. A total of 24 patients presented with asymptomatic high
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liver enzymes, one was diagnosed with severe liver steatosis. Reich (Reich et al. 2005)
described results similar to ours whereas Poulin (Poulin and Thérien 2010) reported a case
of infliximab-induced hepatitis. Aparicion and Shelton also mentioned the hepatotoxic effect
of infliximab in patients with spondyloarthropathy and inflammatory bowel disease (Garcia
Aparicio et al. 2007; Shelton et al. 2015). Our findings highlight the need for permanent

surveillance of BA-treated patients, specifically those treated with infliximab.

An important issue with biologic therapy is treatment discontinuation or nonadherence
(Baenas et al. 2016; Doshi et al. 2016; Menter et al. 2019). In our study, a total of 8 patients
(6.4%) temporarily or permanently discontinued their treatment, the highest number (5
patients) was in the group receiving adalimumab. Our numbers are significantly lower than
those in a 5-year follow-up study of rheumatologic patients on with BAs, where 32.8%
discontinued their treatment. Similarly, another study with psoriatic patients reported 46%
of their patients discontinuing their treatment after one year (Doshi et al. 2016; Baenas et al.

2016).

It is well known that BA-treated patients are at increased risk of developing serious AEs (Li
et al. 2020; Minozzi et al. 2016) (especially those on infliximab and adalimumab) (Penso et
al. 2021). In our study, only adalimumab-treated patients experienced serious AEs (two
malignancies, and one case of systemic lupus erythematosus) — such results were not

statistically significant. No deaths occurred during our study.

Our study was limited by substantial differences in the numbers of patients treated with
different BAs, potentially resulting in wider confidence intervals. Another possible
limitation is that our study period was not very long, which can theoretically limit the
detection rates of delayed and/or rare AEs. Nevertheless, most of our patients were already
being treated for some time at the time of enrolment, which can considerably compensate
for this limitation; in fact, we cannot exclude that some of the above AEs were of delayed
type. It is unlikely that information bias has affected our results since all records were

completed in the presence of the same physician.

All references in our article only included adults.
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Conclusion

Infliximab-treated patients showed a high incidence of asymptomatic increased liver enzyme
levels, fatigue, and respiratory and skin infections. Adalimumab-treated patients were more
often affected by musculoskeletal disorders and infections of all types. Patients receiving
secukinumab showed higher rates of cardiovascular disorders, respiratory, and skin
infections. The group treated with etanercept experienced more musculoskeletal and
reproductive (specifically menstrual) disorders. The rates of therapy discontinuation, and

serious adverse events did not reach significant values.

A higher incidence of AEs was observed among adalimumab- and infliximab-treated
patients, with ustekinumab found to have the safest profile. Our results demonstrate that a
personalized approach, including evaluation of a patient’s risk profile, is necessary before

commencing a biologic. Further research is warranted to confirm the findings of our study.
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Discussion

This large prospective, observational cohort study gives a comprehensive evaluation of
psoriasis treatment. It reviews all forms of treatment available in the Czech Republic and
demonstrates which types of therapy and specific drugs are the safest for the treatment of the
disease. Additionally, it investigates possible trigger and prognostic factors of severe

psoriatic patients.

Chapter 1

Psoriasis vulgaris is a chronic skin inflammatory disease with high prevalence. It can
significantly impair patients‘ quality of life (Votrubova et al. 2014) (Hercogova 2011).
Severe psoriasis is associated with a number of comorbidities (Votrubova et al. 2014) (Lotti,
Hercogova, and Prignano 2010) (Juzlova et al. 2016) and these are responsible for a shorter
life span (de Oliveira, Rocha, and Duarte 2015). Treatment options include topical
compounds, phototherapy and non-biologic systemic agents . In cases of intolerance or
therapy failure, patients may be candidates to biologic therapy - these are the most modern
available form of treatment (Nast et al. 2015). However, just like with any other drug, these
may be offset by a number of adverse events (Bohac et al. 2016). It is therefore mandatory
to be familiar with the benefits as well as the possible serious adverse events associated with

these agents.

Chapter 2

Severe psoriasis is directly proportional to its economical and social impact, and these are
undissociable (S. R. Feldman et al. 1997) (Steven R. Feldman et al. 2017). Understanding
how different comorbidities and epidemiological factors affect psoriasis severity grades can
therefore be of great help for both patients and countries’ health care systems. Our study

investigated possible trigger and prognostic factors of severe psoriasis.

A linkage between gender and type of therapy was observed. Women were treated topically
more often than men, and that more men had a history of biologic therapy than women. Such

results support Hiagg’s and Colombo’s (Colombo et al. 2014) studies. Hagg concluded that

162



women enjoy lower PASI scores than men, hence men tend to be treated systemically more
often than women (Higg et al. 2017) (Héagg et al. 2013). Therapy adherence is associated
with improvement of disease severity (C. L. Carroll et al. 2004) (Christie L. Carroll et al.
2004) (Steven R. Feldman et al. 2007) (Evers et al. 2010) (Lecha et al. 2005) (Lynde et al.
2012). Storm reported higher rates of therapy adherence among men (Storm et al. 2008),
Zaghloul described women as the most compliant (Zaghloul and Goodfield 2004), Gokdemir
could not establish any association between sex and therapy adherence (Gokdemir, Ari, and
Koslii 2008). Literature is not consensual, one may conclude that men are indeed more

severily affected by psoriasis than women.

In this study patients’ height differed according to therapy type (results from the group
treated topically statistically different from the remaining groups). To our knowledge, a
relationship between height alone and psoriasis severity has never been hypothesized before.
Nonetheless, such results must be interpreted with caution, since more males were treated
systemically during this research study (in the Czech Republic men are substantially taller

than women: 1814 cm vs 169+ cm) (Grasgruber and Hrazdira 2013).

It was observed that patients treated systemically, therefore more aggressively, had an earlier
disease onset. Our results confirm those of Na and Garcia-Diez (Na, Jo, and Youn 2013)

(Garcia-Diez et al. 2008).

Patients treated with more aggressive forms of therapy are more likely to refer infections as
a trigger of psoriasis. The fact that psoriasis can be triggered by upper respiratory tract
infections is not new (Sbidian et al. 2019) (Weisenseel et al. 2002) (Raychaudhuri,
Maverakis, and Raychaudhuri 2014), though, this study suggests a relationship between
psoriasis severity and these trigger factors. Achieved results also suggest that patients in
which psoriasis is triggered by periods of hormonal variations might suffer from a more
severe form of the disease. Ceovic (Ceovic et al. 2013), Islam (Islam et al. 2011) and Murase
(Murase et al. 2005) already wrote about how puberty, premenstrual states and menopause
can lead to psoriasis flare-ups in women. No studies suggesting periods of hormonal

variations as an independent prognostic factor of the disease were found.
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This research study evidenced how patients treated systemically have higher rates of
depression history compared to those treated treated topically. This finding is supported by
their need of psychotherapy. Thus, this study demonstrated how psoriasis severity seems to
be directly proportional to depression severity. Gupta achieved similar results (Gupta et al.

1993).

We noticed that patients treated systemically use statins more than those treated topically.
The European Cardiology Society and European Atherosclerosis Society recommend
maitaining a certain LDL-c (low-density lipoprotein cholesterol) based on the patient’s CVD
(Mach et al. 2019). Thus, we may conclude that patients on systemic agents do have a higher
CVD because they use statins more than the group treated with topical drugs. This link has
already been demonstrated (Chiriac, Podoleanu, and Azoicai 2017) (Abuabara et al. 2010)
(Gelfand et al. 2007) (Gelfand et al. 2006).

Hyperuricemia was also found to be associated with more agressive psoriasis therapy.
Multiple authors have already described about how psoriasis is associated with
hyperuricemia (Gisondi et al. 2014) (Alpsoy et al. 2014) (Zhou Z et al. 2013) (Zhang et al.
2012) (Ibrahim et al. 2012) (Isha, Jain, and Lal 2011) (Severin et al. 1999) (Merola et al.
2015) (Gui et al. 2018), however studies trying to establish linear correlations between
SUAC and psoriasis severity have reported inconsistent results. Gisondi and others have
described a linear relationship between SUAC and PASI (Sterry, Strober, and Menter 2007)
(Gisondi et al. 2014) (Gelfand et al. 2006) (H. H. Kwon et al. 2011) (Eisen and Seegmiller
1961) (H. H. Kwon et al. 2011) (Eisen and Seegmiller 1961) (Baumann and Jillson 1961)
(Tickner and Mier 1960) (Sommer et al. 2006) (Neimann et al. 2006) (Murray et al. 2009)
(Shiraishi and Une 2009), however a meta-analysis including 29416 patients have failed to
show a direct association between SUAC and psoriasis severity (Xin Li et al. 2016). Results

of this study rather follow Gisondi’s.

A direct correlation between psoriasis severity and nonspecific noninfectious liver disease
was also observed. Alcohol consumption and BMI did not statistically vary according to
therapy type, however we cannot 100% exclude their presence in the past. Gisondi and Miele

were already able to prove a link between psoriasis and nonalcoholic fatty liver disease
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independent of alcohol intake, obesity, and hepatotoxic medications (Gisondi et al. 2009)
(Miele et al. 2009). Regarding psoriasis severity, Gisondi described a strong linear
correlation between psoriasis severity and NAFLD (Gisondi et al. 2009), while Miele and
Van der Voort rejected this hypothesis (Miele et al. 2009) (van der Voort et al. 2014). The
fact that NAFLD and NASH are associated with an increased likelihood of developing CVD
could help explaining why some of our patients suffer from a higher risk of CVD (Villanova
et al. 2005).

Chapter 3

Until recently, topical therapy, phototherapy and use of non-biologic systemic agents were
the only possible therapeutic options in psoriasis. With evolving knowledge of the
immunopathogenesis of the disease process, a new and revolutionary form of therapy called
biologic agents has emerged.(Hassan et al. 2013) These have proved to be the most effective
therapies (Gisondi et al. 2008) (Piaserico et al. 2014) (Barker et al. 2011) (Saurat et al. 2008)
(Au SC, Madani A, Alhaddad M, Alkofide M 2013) (Schmitt et al. 2008). However
consistent and solid data from long-term studies on the safety of these agents are still lacking
when compared with other forms of therapy. Our research study compared the occurrence
of adverse events in three groups of psoriatic patients on different therapeutic regimens

(topical therapy, non-biologic systemic drugs and biologic agents) for a period of 30 months.

The incidence rates of all adverse events combined were higher for patients who received
biologic agents than for other patients throughout the all study period. Most studies either
put biologic agents at the same level of safety or even labeled them as the safer alternative
(Garber C, Plotnikova N, Au SC, Sorensen EP 2015), (K. Reich et al. 2015), (Carretero et
al. 2015), (Medina et al. 2015), (Montes-Torres et al. 2019), (Kristian Reich et al. 2010), as
confirmed by a meta-analysis of randomized controlled trials (Schmitt et al. 2008). No other
study demonstrate an overall higher incidence of adverse events among patients treated with
a biologic agents than with non-biologic systemic agents. This research also suggested no

incidence of delayed adverse events.

Patients treated with biologic agents developed non-infectious renal and urinary disorders.

The most common registered adverse events were urinary tract infections,
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dysmenorrhea/amenorrhea and prostate hypertrophy. Outcomes were comparable with those
reported in clinical trials with infliximab and adalimumab, where renal and urinary disorders
were classified as common adverse events (incidence >1% to <10%) (“Summary of Product
Information - Humira (Adalimumab),” n.d.), (“Summary of Product Information - Remicade
(Infliximab),” n.d.). The Summary of Product Characteristics (SPC) of the remaining
biologics do not give the occurrence of these adverse events (“Summary of Product
Information - Enbrel (Etanercept),” n.d.), (“Summary of Product Information - Stelara
(Ustekinumab).” n.d.), (“Summary of Product Information - Consentyx (Secukinumab),”

n.d.).

Musculoskeletal and connective tissue disorders occurred more often among patients treated
with biologic agents. It is not quite clear why these adverse events were only experienced in
the early period of the study, but biologics have been suggested to neutralize nociceptive
joint pain even before starting to exert their anti-inflammatory effect (Hess et al. 2011). The
most common adverse events included general arthralgia, enthesopathy and new-onset
osteoarthritis (involving mostly the spine). Obtained results are comparable with those
obtained in clinical trials with adalimumab (“Summary of Product Information - Humira
(Adalimumab),” n.d.), but substantially superior to those reported for other biologic agents,
(“Summary of Product Information - Remicade (Infliximab),” n.d.), (“Summary of Product
Information - Enbrel (Etanercept),” n.d.), (“Summary of Product Information - Stelara
(Ustekinumab).” n.d.), (“Summary of Product Information - Consentyx (Secukinumab),”

n.d.).

Oral cavity-related adverse events also seem to affect particularly psoriatics treated with
biologic agents more frequently than patients receiving other therapies. The most common
AEs included dry mouth and gingivitis. Such adverse events were not related to a recent
switch from a non-biologic systemic agent to a biologic (acitretin typically causes such an
AE) (“Summary of Product Information - Neotigason (Acitretine),” n.d.); in a matter of fact,
all patients experiencing these adverse events had been on a biologic for many years prior to
enrolment into the study. It was not possible to establish whether these adverse events were
of infectious or non-infectious etiology. Neither other studies, nor the SPCs of all tested

biologic agents list this type of adverse events (“Summary of Product Information - Humira
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(Adalimumab),” n.d.), (“Summary of Product Information - Remicade (Infliximab),” n.d.),
(“Summary of Product Information - Enbrel (Etanercept),” n.d.), (“Summary of Product
Information - Stelara (Ustekinumab).” n.d.), (“Summary of Product Information - Consentyx

(Secukinumab),” n.d.).

Patients on biologic agents had higher rates of respiratory tract infections than the other
groups throughout the study. Results are consistent with those obtained in other clinical trials
(“Summary of Product Information - Humira (Adalimumab),” n.d.), (“Summary of Product
Information - Remicade (Infliximab),” n.d.), (“Summary of Product Information - Enbrel
(Etanercept),” n.d.), (“Summary of Product Information - Stelara (Ustekinumab).” n.d.),
(“Summary of Product Information - Consentyx (Secukinumab),” n.d.). Apart from Yan,
who found no significant differences in the incidence of these adverse events (Yan et al.
2011), no other studies comparing this type of adverse events between biologics and other

types of therapy were found.

Considering how the biologic agent-treated group used systemic antibiotics more frequently
than the remaining groups, these patients probably had overall higher rates of infections than
the remaining groups. SPCs do label infections and infestations as a more common adverse
events compared with the other types of therapy (“Summary of Product Information -
Humira (Adalimumab),” n.d.), (“Summary of Product Information - Remicade
(Infliximab),” n.d.), (“Summary of Product Information - Enbrel (Etanercept),” n.d.),
(“Summary of Product Information - Stelara (Ustekinumab).” n.d.), (“Summary of Product
Information - Consentyx (Secukinumab),” n.d.), (“Summary of Product Information -
Neotigason (Acitretine),” n.d.), (“Summary of Product Information - Sandimmun
(Ciclosporin),” n.d.), (“Summary of Product Information — Jylamvo (Methotrexate),” n.d.).
Piaserico reported data identical to ours, (Piaserico et al. 2014) whereas Garber failed to

obtain significant results (Garber C, Plotnikova N, Au SC, Sorensen EP 2015).

A total of 7.2% of patients on biologic therapy discontinued their treatment due to adverse
events. A total of five patients presented with positive QNF-TB tests (two were on
adalimumab, one on infliximab, and two were using cyclosporine). Similarly to other studies

(Gomez-Reino et al. 2003a), these patients were not classified as tuberculosis cases, since
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they did not present the typical clinical picture. Still, both TNF-a inhibitors and cyclosporine
have been commonly associated with mycobacterial infections (Fonseca et al. 2006),
(Brassard, Kezouh, and Suissa 2006), (Wallis et al. 2004), (Wallis et al. 2004), (Askling et
al. 2005), (Dixon et al. 2006), (Tubach et al. 2009a), (Winthrop et al. 2013), (John et al.
1994). Regarding malignancies, our results are consistent with the literature (Dommasch et
al. 2011), (Leonardi et al. 2008), (Papp et al. 2008), (Igarashi et al. 2012), (Gottlieb et al.
2014). TNF-a inhibitors have been associated with autoimmune disorders (Pirowska et al.
2015), but, apart from a single case of systemic lupus erythematosus, no other patients in our
study developed clinical pictures or presented laboratory results consistent with this type of
diagnosis. Lastly, except for ustekinumab (Leonardi et al. 2008) (Papp et al. 2008) and
secukinumab (Thagi et al. 2015), biologics (specifically TNF-a inhibitors) have been
reported to be associated with serious adverse events as compared with non-biologic agents
(Garcia-Doval et al. 2012), (Barker et al. 2011), (Kimball et al. 2015), (Kalb et al. 2015),
(Galloway et al. 2011) — during this study, serious AE were of borderline statistical

significance.

Biologic agents were the most effective class of drugs: lower PASI scores and BSA values
were obtained during 60% of the study. Literature is scarce in such comparative studies,

nevertheless Zweegers resumed a few in a systematic review (Zweegers et al. 2016).

Chapter 4

Information about the potential AEs of each BA is crucial for a safe therapeutic approach
(“Https://Www.Ema.Europa.Eu/En/Medicines/Human/EPAR/Stelara” n.d.; Kirkham 2022;
Chingcuanco et al. 2016). As it is, there is not yet much robust data on the long-term
incidence of infectious complications among patients treated with BAs. While the British
Society for Rheumatology Biologics Register claims a similar safety profile for these drugs,
at least among the individual anti-TNF-alpha drugs (Dixon et al. 2007; Rutherford et al.
2018), there have been reports of significantly higher risks of infectious complications
among patients treated with different BAs (Kourbeti, Ziakas, and Mylonakis 2014; Morel et
al. 2017; Garcia-Doval et al. 2017; Davila-Seijo et al. 2017). A higher incidence of infections
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has been associated with treatment with infliximab (5.2-fold), and adalimumab (4.1-fold)
compared with etanercept (RR 2.5-fold) (Quartuccio et al. 2019). In our study, a significant
incidence of these AEs was observed at the end of follow-up among infliximab, and
secukinumab-treated patients (50.0%, and 54.6%, respectively). Just another risk factor for
these complications is older age (Quartuccio et al. 2019; Kawashima et al. 2017); in fact,
patients above 65 years of age are at a 4 times higher risk of developing infections

(Quartuccio et al. 2019).

Adalimumab-, secukinumab-, and infliximab-treated patients had higher statistically
significant, rates of respiratory infections (31.3%, 36.4%, and 50.0%, respectively). Non-
tuberculous respiratory infections account for almost half of the infections requiring
hospitalization during treatment with biologics (Quartuccio et al. 2019; Sanchez-Moya et al.
2013). Addressing risk factors is essential for preventing respiratory infections, and smoking
is a modifiable, and very important risk factor (Jiang, Chen, and Xie 2020). Our study
population had a high number of smokers (34.7%).

An increased incidence of skin infections among patients treated with BAs has been widely
reported; in fact, among all infection-related hospitalizations, 6.2% are for dermatologic
reasons (Quartuccio et al. 2019; Daudén et al. 2020; Hernandez et al. 2013; Pasadyn et al.
2020). In our study, a higher incidence of these infections was noted in adalimumab-,
secukinumab-, and infliximab-treated patients in the last year of follow-up. The main
complications experienced by our patients included genital, and extragenital warts,
parvovirus, and dermatophyte infections. Infliximab is known to increase the risk of bacterial
skin infections (cellulitis, erysipelas, impetigo), and herpes zoster infections (Davidson et al.
2022). Long-term observational studies of patients treated with adalimumab, infliximab, and
secukinumab reported bacterial (60%), fungal (25%), and viral (13.3%, of which the most
common were human papillomavirus [HPV] warts, representing 7%) infections (Fréling et
al. 2015). Anti-TNF-alpha drugs practically double the risk of HPV™, and anogenital wart
formation (Georgala et al. 2012; Kane Sunanda, Khatibi Bahar, and Reddy Deepa 2008).

Overall, urogenital infections were diagnosed in 9 patients (25.0%) treated with adalimumab

during our study. Urinary tract infections account for 2.4% of all hospitalizations for
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infection during treatment with biologics (Quartuccio et al. 2019). Women are at higher risk

when treated with infliximab or anti-IL-17 agents (Sahuquillo-Torralba et al. 2020).

Current data suggest rates of 5.51 infections per 100 person-years, and a 30-day risk of
serious infection leading to 10% mortality (Dixon et al. 2007; Kourbeti, Ziakas, and
Mylonakis 2014; Collins 2018). An increased incidence of serious infections including
tuberculosis (TB) was noted with anti-TNF-alpha mAb treatment compared with soluble
TNF receptor therapy (Tubach et al. 2009b; Sdnchez-Moya et al. 2013; Puig et al. 2020). We
did not register serious infections (the only reported case of QNF positivity did not present
with a typical clinical picture, hence, similar to other studies (Gémez-Reino et al. 2003b), it

was not classified as a TB case).

The effect of BAs on the development of oncological disease is not yet clear. While some
evidence suggests a higher incidence of malignancies with anti-TNF-a drugs, a large study
including ustekinumab did not. Studies with other agents are lacking (Haynes et al. 2013;
Fiorentino et al. 2017). In our study, the incidence of cancer was non-significant. Still, breast
cancer was the most common reason for therapy discontinuation in 2 patients treated with
adalimumab or ustekinumab. A direct link between anti-TNF-alpha therapies, and tumour
formation is difficult to prove because of patients’ underlying conditions, and concomitant
use of other drugs (Hyrich 2022; Symmons 1995; Cibere, Sibley, and Haga 1997). The
finding of two malignancies in our study underlines the need for careful age-appropriate

cancer screening in patients treated with these agents (Pithadia et al. 2019).

We also observed a higher incidence of menstrual disorders at the end of the follow-up
period among etanercept-treated patients (5 patients, 27.8%). These disorders included
metrorrhagia, dysmenorrhea, and amenorrhea. To the best of our knowledge, there is no data
on the effect of anti-TNF-alpha inhibitors on a women’s menstrual cycle. The relevant
literature provides only information on their safe use during pregnancy, and possible effects

on foetal development (Fasoulakis et al. 2016; Broms et al. 2016).

Also documented was a higher incidence of cardiovascular disorders. Of note were the newly

diagnosed cases of hypertension, and arrhythmia. The possible effects of BAs on the
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cardiovascular system, and the respective risk factors are subject to long-standing debate
(Egeberg et al. 2018; Ryberg 2013). Initial concerns about the impact of TNF-alpha
inhibitors on the development of heart failure arose in the early post-marketing follow-up
(H. J. Kwon et al. 2003; Gabriel 2008). Still, anti-TNF-alpha therapy does not seem to
increase the risk of cardiovascular events (Rungapiromnan et al. 2017; Papamichail et al.

2022).

Etanercept-, and adalimumab-treated patients reported musculoskeletal disorders more often
than the other patient groups. These disorders included arthritis, arthrosis, arthralgia,
ostealgia, muscle spasms, tendinitis, and compression fractures. A rheumatologist excluded
the diagnosis of psoriatic arthritis in 14 of the 20 affected patients. Our findings are
consistent with those found in other studies, that is, patients receiving etanercept tended to
experience musculoskeletal disorders including arthralgia, and increased number of muscle
cramps whereas individuals treated with adalimumab were found to be at an increased risk

of fractures (Duarte et al. 2017; Daudén et al. 2020).

Patients treated with infliximab had a higher incidence of fatigue which was, however,
significant only at the beginning of the study. Such AE is already known from clinical studies

(“Summary of Product Information - Remicade (Infliximab),” n.d.).

Abnormally high levels of ALT, and GGT were documented among infliximab-treated
patients throughout the follow-up. A total of 24 patients presented with asymptomatic high
liver enzymes, one was diagnosed with severe liver steatosis. Reich (Kristian Reich et al.
2005) described results similar to ours whereas Poulin (Poulin and Thérien 2010) reported a
case of infliximab-induced hepatitis. Aparicion, and Shelton also mentioned the hepatotoxic
effect of infliximab in patients with spondyloarthropathy, and inflammatory bowel disease

(Garcia Aparicio et al. 2007; Shelton et al. 2015).

It is well known that BA-treated patients are at increased risk of developing serious AEs
(Xintong Li et al. 2020; Minozzi et al. 2016) (especially those on infliximab, and

adalimumab) (Penso et al. 2021). In our study, only adalimumab-treated patients developed
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serious AE (two malignancies, and one case of systemic lupus erythematosus) — such results

were not statistically significant. No deaths occurred during our study.

This research study is limited by a small patient sample and a relatively short study period —
facts that can theoretically limit the detection rates of delayed and/or rare adverse events.
Nevertheless, most patients were already being treated for some time at the time of their
enrolment, which can compensate for this limitation. Another limitation was the fact that
patiens were already being treated for some time when our study started: in this fashion,
diseases assumed to be related to psoriasis severity, can, theoretically, be adverse events of
those same therapies (ex. liver disease due to methotrexate hepatoxicity). Also, the fact that
nine (3.1%) patients were treated concomitantly with both a non-biologic systemic agent and
a biologic was not optimal. However, it is unlikely that such a small proportion of the study
group may have biased results. Furthermore, dose-dependent adverse events were not
considered (non-biologic systemic agents are toxic when given at higher doses (“Summary
of Product Information - Sandimmun (Ciclosporin),” n.d.), (“Summary of Product
Information — Jylamvo (Methotrexate),” n.d.), (Naldi and Griffiths 2005), (Ho 2004),
(Pathirana et al. 2009), (Bissonnette, Ho, and Langley 2009). The group of patients treated
with non-biologic systemic therapies included substantially fewer patients than the
remaining groups, which can theoretically result in wider confidence intervals. The same
applies to all five groups of patients treated with each one of the BAs. Lastly, ideal conditions
were if psoriasis severity scores were followed in untreated patients; however, such
conditions are rather unrealistic because a patient with severe psoriasis eventually needs to
be treated systemically. It is unlikely that information bias has influenced results of this
research, considering the fact that all records were completed in the presence of the same

doctor.
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Conclusion

This study demonstrated that psoriasis severity is directly related to an increased risk of
cardiovascular disease, depression, hyperuricemia and nonspecific noninfectious liver
disease. Moreover, male gender, increased height, early age at disease onset (up to 25.9
years), and trigger factors such as puberty, menopause/andropause and viral upper
respiratory infections seem to be prognostic of higher levels of psoriasis severity. This
research pioneers the use of independent prognostic factors such as increased height and
trigger factors such as puberty, menopause/andropause as independent prognostic factors of
psoriasis severity. A series of prognostic factors and conditions that can help one in

estimating patient’s clinical outcome are proposed.

Biologic agents were associated with the lowest safety profile when compared with other
forms of treatment. Patients treated with biologics showed higher overall rates of adverse
events (AEs), overall rates of infections, respiratory tract infections, renal, urinary,
musculoskeletal, connective tissue, oral cavity-related disorders, and treatment
discontinuation. Except for infections, all the above biologic agent-related AEs occurred
more often in our study than in clinical trials. This study pioneers the report of oral cavity-
related AEs among users of biological agents. The rates of serious AEs were of borderline
statistical significance, those of serious infections were not statistically significant. Still,
biologic agents were the most effective form of therapy when compared with topical agents

and non-biologic systemic agents.

When comparing BA-treated patients between themselves, infliximab-treated patients
showed a high incidence of asymptomatic increased liver enzymes, fatigue, respiratory, and
skin infections. Adalimumab-treated patients were more often affected by musculoskeletal
disorders and infections of all types. Patients receiving secukinumab showed higher rates of
cardiovascular disorders, respiratory, and skin infections. The group treated with etanercept
experienced more musculoskeletal and reproductive (specifically menstrual) disorders. The
rates of therapy discontinuation and serious AEs did not reach statistical significance. Our
results demonstrated a higher incidence of AEs among adalimumab- and infliximab-treated

patients, with ustekinumab found to have the safest profile.
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To sum up, a personalized approach, including evaluation of a patient’s risk profile, is
necessary before commencing a biologic. Further research is warranted to confirm the

findings of this study.
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Summary

Psoriasis vulgaris is a chronic inflammatory skin disease with a prevalence of 1.5-4.7%.
Severe psoriasis is seen as a systemic inflammatory disease associated with an increased risk
of complications. Understanding how different comorbidities and epidemiological factors

are related to psoriasis severity can help in estimating a patient’s clinical outcome.

Severe psoriasis is usually non-responsive to topical agents, phototherapy and, occasionally,
to conventional systemic drugs. In such cases, modern immunomodulatory drugs known as
biologic agents are prescribed. Still, there are few real-world, consistent and long-term
studies on the safety of these agents compared with the other forms of therapy. With the

implementation of longer follow-ups, reports of serious adverse events are slowly emerging.

The objectives of this research were to identify the prognostic factors of severe psoriasis,
compare the safety profiles of different therapy types (topical compounds, non-biologic
systemic agents and biologic agents) and those of biologic agents themselves (adalimumab,
etanercept, infliximab, secukinumab, ustekinumab). A total of 289 psoriatic patients were
followed up for 30 months; they were divided into 3 groups according to therapy type.
Comorbidities, epidemiological parameters, and rates of adverse events were compared
between the three groups and, also, between each of the 5 biologic agents. Data was

statistically analyzed.

It was concluded that psoriasis severity is directly related to an increased risk of
cardiovascular disease, depression, hyperuricemia and nonspecific noninfectious liver
disease. Male gender, increased height, early age at disease onset, viral upper respiratory
infections and periods of hormonal changes seem to be prognostic of higher levels of
psoriasis severity. When comparing therapy types, biologic agents were the most effective
therapies; however, they were associated with higher rates of adverse events and treatment
discontinuation. A higher incidence of adverse events was observed among adalimumab-
and infliximab-treated patients, with ustekinumab found to have the safest profile. Our
results demonstrate that a personalized approach, including evaluation of a patient’s risk
profile, is necessary before commencing a biologic. Further research is warranted to confirm

the findings of this study.
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Souhrn

Psoriasis vulgaris je chronické zanétlivé kozni onemocnéni s prevalenci 1,5-4,7 %. Lupénka
je systémové zanétlivé onemocnéni se zvySenym rizikem komplikaci. Stratifikace
komorbidit a epidemiologickych faktorti v souvislosti se zdvaznosti psoriazy pomahaji urcit

progndzu a zavaznost formy onemocnéni.

U tézkych forem psoridzy topicka terapie, fototerapie a konvencni systémova 1écba nepiinasi
dostate¢ny klinicky uc¢inek a je nutna moderni imunomodulaéni 1é¢ba biologickymi 1é¢ivy.
Konzistentnich dlouhodobych studii o bezpecnosti biologickych 1é¢iv v klinické praxi ve
srovnani se studiemi hodnoticimi vyskyt nezddoucich ucinki pti tradiénim zptsobu 1é¢by je
vyrazn¢ méné€. Dlouhodobd sledovani pacientii 1écenych biologickymi 1é¢ivy naznacuji

mozny vyskyt zdvaznych nezddoucich ucinkd.

Cilem vyzkumu bylo stanovit prognostické faktory tézké psoriazy, porovnat bezpecnostni
profil riznych typi terapii (topicka terapie, nebiologicka systémova 1éciva a biologicka
1é€ba) a posoudit ucinek jednotlivych biologickych 1éCiv (adalimumab, etarnecept,
infliximab, secukinumab a ustekinumab). Vyzkum sledoval 289 psoriatickych pacientd po
dobu 30 mésicl, podle typu terapie byli rozdéleni do 3 skupin. Byly porovnavany
komorbidity, epidemiologické udaje a Cetnost nezadoucich U¢inkd mezi jednotlivymi
skupinami lé€enymi danym typem terapii a jednotliva biologicka l1éCiva vzajemné (celkem

5). Udaje byly zpracovany statisticky.

U pacientli se zavaznou formou psoriazy byl vyssi vyskyt kardiovaskularnich onemocnéni,
deprese, hyperurikémie, nespecifickd neinfekéni onemocnéni jater. Vysledky vyzkumu
pohlavi, vy$si vzriist, manifestace onemocnéni v mlad$im vé€ku, virova infekce hornich cest
dychacich a obdobi hormondlnich zmén. Ze sledovanych zptsobi 1é€by byla neti¢inné;si
terapie biologickymi 1é€ivy, ale spojend s vy$si mirou neZddoucich G¢inkii a nutnosti pferusit
zaznamenany pfi 1é€bé adalimumabem a infliximabem. Vysledky vyzkumu prokazaly, ze
personalizovany pfistup hodnotici rizikovy profil pacienta je pfed zahajenim terapie

biologickymi 1éCivy nezbytny. Zjisténé vysledky vyzaduji dalsi studie a ovéteni.
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STATISTICKA ANALYZA DAT O
PACIENTECH S PSORIAZOU

Jaromir Bélacek, Emanuel Marques, Zoltan Paluch

Anotace
Ptispévek pojednavé o metodice a vysledcich statistické analyzy dat potizenych pti 1é€bé
pacienti s psoridzou na Der- matovenerologické klinice nemocnice Na Bulovce v letech
2015-17. Pomérn¢ velky rozsah datového souboru (¢itajici K=485 standardnich klinickych
markert pro N=289 pacientil) vyzaduje aplikovat statistické postupy jako by §lo o hromadné
zpracovani dat. V piispévku bude pfedstavena logistika tohoto zpracovani vychdzejici z metodik
etablovanych v minulostina odd¢leni Biostat pti 1. LF UK Praha s ukazkou hlavnich vysled-
k. Pfi zpracovani takto pomérné rozsahlého klinického sou- boru dat miizeme pouzivat

zavedené statistické metodologie (One-Way resp. Two-Way ANOV A pro opakovand méteni

nebo xz-testy nezavislosti v kontingenc¢nich tabulkach), které¢ vSak musime redukovat na
nékolik malo nejefektivnéjSich tiidéni. Na jejich zaklad¢ pak analyzujeme vystupni sestavy

statisticky vyznamnych p-hodnot pro fadu simultannich a odvozenych marginélnich testt.

Klicova slova
ANOVA, chi-kvadrat analyza nezavislosti a homogenity v kontingenc- nichtabulkdach, testy normality,

hromadné zpracovani dat, psoridaza, lécba psoriazy, biologika

1 Popis problému —cile prezentace

Psoridza neboli lupénka je onemocnéni kiize, které postihuje az 4.8% svétové populace [1].
Jedna se o neinfek¢ni zanétlivé onemocnéni zprostiedkované T-bunkami charakterizované
dysregulaci naSeho imunitniho systému [2]. Je to multifaktoridl- ni nemoc, kde genetika hraje

velkou roli. Postizeni obvykle neo- hrozuje pacienty na Zivoté, mnoho splyvajici odlupovajici
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plaky vSak mtze i velmi znepiijemiiovat nemocnym zivot. Pokozka muze byt poskozena v
malém, ale také velmi velkém rozsahu az do 100% tzv. klinicky obraz erytrodermie. Kromé

ktize mohou bytpostizeny takénehty nanohouinarukou, aletakéklouby.

V navaznosti na rozsah poskozeni jsou pacienti podrobovéani riznym typim lécby. U méné
zavaznych forem psoridzy byva aplikovana lokdlni lécha (masti, gely, t¢lova mléka apod.). Jeji
vyhodou je dobra tolerance, minimalni systémova absorpce a sniZeni rizika moznych
systémovych nezadoucich ucinkl. U zavaznéjsSich postizeni se mlize zvazit tzv. konvencni
systéemo- va lécba, kterd se prostfednictvim tablet nebo injekei rozvadi krevnim ob&hem do
celého orgamismu (obvykle je podavan methotrexat, cyklosporin nebo acitretin). U pacientil
selhavaji- cich na takovou léc¢bu, nebo ktefi takové preparaty netoleruji ¢i jsou u nich
kontraindikovany, se muze zvazit eskalace terapie na biologickou lécbu, kterd je zatim
povazovana za nejucinngjsi dostupnou terapii [3]. Biologika jsou produkovana technologii
rekombinantni DNA, zamé&fené na specifické cile imunopa- togenni drahy nemoci. Jedna se
onejmodernej$i formu lécby psoridzy. Vzhledem k jejii vynikajici ic¢innosti, [ékatipiedepisuji vice
téchto latek a diive v procesu onemocnéni. Bez diislednych a dlouhodobych studii bezpecnosti
téchto latek se vSak zacinaji objevovat pozdni publikace o zdvaznych nezédoucich tcincich [4].
Pravé na jejich vyskyt pii biologické 1écbé byl zaméfen vy- zkum MUDr. Marquese a doc.
Palucha, Ph.D., MBA na Dermato- logické klinice Nemocnice Na Bulovce, ktery zde v letech
2015- 17 shromazdil vysledky vySetfeni pro soubor N=289 pacientt [5,6].

V réamci tohoto pfispévku jsou shrnuty informace vztazené k metodice a zplsobim
hromadného zpracovani dat o téchto pacientech, které —piestoze nejde o typicka,,big data®—
piekracuji svym rozsahem ramec béznych klinickych studii. Soubor o pacientech s psoridzou
obsahoval K=489 diagnostickych a medicinskych markert riizného typu, coz vyzaduje
aplikaci sofistikovanych zpracovatelskych postupt, jejichZ findlnim Ucelem musi byt
oddélenistatisticky vyznamnychvysledktiod téch nevyznamnych. Hlavni koncepty a logistika
statistického zpracovani je shrnuta ve statich 2 a 3. Vysledky pro klinické zavéry jsou

referencni formou a spise jen pro ilustraci uvedeny v zavérech (ve stati 4).
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2 Pacienti spsoriazou

Data o pacientech s psoriazou byla uspotradana do jedné velké excelovské tabulky: markery
ve sloupcich byly nejprve fazeny chronologicky (tak jak byly pofizovany nejprve pii
vstupnich a potom pétkrat s ptlro¢ni periodou opakovanych systema- tickych
prohlidkach); v fadcich tabulky bylo vSech N=289 pa- cientli uspotadano do skupin podle
tti zakladnich typt 1&Cby (I-lokdlni, 2-systéemoveé a 3-biologické), a pro biologickou 1écbu
dale v Clenéni podle individudlnich biologik (tzn. medikaci se specifickymi nazvy: 4-

etarnecept; 5-adalimumab; 6-infliximab, 7-ustekinumab; 8-secukinumab).

V ramci vstupniho vySetfeni byla u pacientl s psoriazou kromé béznych demo-, fyzio-a
anamnestickych znakt (jako vek, pohlavi, vzdélani, vyska, hmotnost, krevni tlak, fototyp,
kozni anamnéza, délka manifestace psoridzy v letech apod.) vySetfena i fada méné
standardnich ukazatell (napf. moznost stresovych faktori v roding i v zaméstnani, rodinna
anamnéza vyskytu psoridzy, infekce, virdzy, hormondlni zmény, obezita, konzumace
alkoholu, kofeni, koufeni a detailni info o minulych a stavajicich nemocech pacientl). Sada
vstupnich 160ti marke- r0 dotazovala u pacientli dosavadni uZivani fady konkrétnich
lécebnych piipravku (antibiotika, antidepresiva, beta-blokatory, diuretika, statiny, NSA), véetné
jizvySezminénychvtédobé péti nejvyznamnéjsSich biologik s délkou jejich uZivani v mésicich.
Po zatazeni pacientli podle stanoveného typu léby bylo v rdmci péti pravidelnych
pulro¢nich prohlidek vedle obligat- nich vySetfeni (PASI [Psoriasis Area Severity Index];
BSA [odhad celkového povrchu téla], hmotnost, krevni tlak) ovéfovano spektrum
piiblizné 20t1 nezddoucich ucinkt 1éCby, véetné nedavnych infekci, uzivani specifickych
antibiotik a na dvacet dalSich standardnich biochemickych marker. VétSina téchto
indikatorti byla shleddna (a jejich hodnoty naméfeny) v ramci vSech opakovanych

klinickych vySetieni.

3 Logistika hromadného zpracovani dat

3.1 Verifikace a kontrola dat

Prvni fazi statistického zpracovani musi byt ,,verifikace a kontro- la dat®. Se zvétSujicim se
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rozsahem souboru samoziejmé vzriista riziko chyb vzeslych jiz ze samotného potfizovani dat.
Nejefek- tivnéji 1ze chyby tohoto typu nalézt nactenim do statistického programu a peclivé
prohlédnout vypis hodnot viech sledova- nych markert. Casto se tyto chyby projevuji
Spatn¢ kvalifiko- vanym typem proménné, nez ktery bychom napt. u numerické proménné
ocekavali (a program ji myln¢ interpretuje jako tex- tovou nebo datovou proménnou). Anebo
se chybové hodnoty identifikuji jako odlehla pozorovani (kdyz v usporadaném vy- pisu
hodnot jedné proménné nalezneme hodnotu napft. o fad vyssi nebo nizsi nez u vétSiny
ostatnich pacientll) — obvykle jde o Spatné umisténou desetinnou carku ¢i teCku. V
nékterych piipadech mohou byt data zatizena méticimi chy- bami diagnostickych pfistroja
(kdyz je méfici pfistroj nevhodné nakalibrovan, systematicky usekava napft. v§echny vysoké
nebo nizké naméfené hodnoty). U nekterych markeri mohou byt ale 1 odlehla pozorovani
validné naméfenymi hodnotami. Pro tyto situaceje vhodné data pfeuspotadat tak, aby stejné
markery pofizené pti opakovanych vySetfenich byly v datovém souboru umistény vedle sebe.
Anckdyjetfebataké ohlidat, zda vSechny hodnoty v primarnim datovém souboru typované
jako nuly jsou,,skutecné platné-funkéni nuly* anebo zda na jejich misté nemaji byt spiSe
vynechané-prazdné hodnoty. (V souboru pacientll s psoridzou muze byt takovym
ptikladem proménna ,,PoCet dosavadnich hospitalizaci®, kterd nema fakticky vyznam u
pacientt ,,s Zadnou hospitalizaci* — takze formalni nuly by mohly vést ke zkreslenym
interpretacim.). Nékdy jsou data v Excelu pofizena tak, Ze je zapotiebi un block vyménit
mnoho omylem natypovanych desetinnych tecek za ¢arky —nékteré chyby a pieklepy ale
nelze na trovni primarniho datového souboru opravit jinak nez individudlnim ptekliknutim
v ramci kazdé bunky zvlast'. Pro datovou tabulku obsahujicivicenez 100 000 bun€k, jako
byla ta pro soubor pso- riatickych pacienti, je ale takové feSeni nepouzitelné. Kvalitni
zpracovatelské pakety maji nastésti systémové prostiedky, kte- ré dokéazi pfevést vSechny
hodnoty proménnych typu text, kte- ré lze interpretovat jako ‘Cisla’, na hodnoty novych
numerickych proménnych. Timto nastrojem fungujicim pod systémem SPSS muselobytv
souborupacientli s psoriazou opraveno témeét 3/4 marker(, nez se podatilo pievést vstupni
excelovsky soubor do standardné zpracovatelné¢ho formatu. Tato faze pfipravy dat ob- nasi
opakovanou kontrolu vypisti zdkladnich popisnych statistik azpo vypisvSechindividualnich

hodnotprovsechnyproménné na irovni 1. stupné tfidéni.
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3.2 Identifikace typiproménnych

Druha faze statistického zpracovani se tyka ,,identifikace typii proménnych s ohledem na
moznosti budouciho metodického zpracovani®. Obecné plati, Ze se zvySujicim se rozsahem stati-
stického souboru musi zpracovatel-statistik pocitat s ¢im dal tim mensim rejstiikem vyuziti dnes
jiz pestrého spektra pouzi- telnych statistickych metod. Pfiprava dat i finalni tabulkové vy- stupni
sestavy budou totiz vyzadovat spoustu nadstandardniho zpracovatelského ¢asu. Navic kazda
chyba pfi zpracovani (vyne- chani nékteré proménné nebo pieklepnuti v ndzvu proménné pii
praci s rozsadhlym seznamem systematicky zpracovavanych proménnych) miize obnaset velmi
nepiijemnou ¢asovou Ujmu. V ramci souboru pacientll s psoridzou byly postupné identi-
fikovany v§echny zakladni typy proménnych—1I/spojité (s po- tencidlng libovolnymi hodnotami
méfenych markerd diskreti- zovanych pouze zaokrouhlovaci chybou — v celém souboru bylo
téchto proménnych nalezeno 193); - 1I/ kategorialni (nabyvajici dvou nebo vice kone¢nych
diskrétnich hodnot — téch vice nez dvoukategoridlnich bylo v souboru nalezeno 38). Za
specialni ptipad obou téchto typli mlizeme povazovat dichotomické proménné (nabyvajici
pravédvounumerickychhodnot—vcel- kovém poctu 244). Pfitom vicekategorialni proménné
mohou byt dvou typi - Ila) ordindlni (hodnoty v kategoriich jsou vze- stupné uspotfadané a
kazda vyssi hodnota reprezentuje urcity vysSSi stupei-tirovent danym markerem méfeného
kritéria; 1ze je tedy interpretovat jako spojité i kategoridlni proménné — v sou- borujsmejich nalezli
celkem31);—IIb) nominalni (hodnotavka- zdé jednotlivé kategorii ma pouze kvalitativni vyznam
a nijak nesouvisi s hodnotami v ostatnich kategoriich — celkové 24). Pro snadné&;jsi praci s
proménnymi v rozsdhlejsich souborech je vhodné ptipojit pfed vSechny typicky kategorialni

13

proménné kupt. symbol ,c “, pfed dichotomické symbol ,d “ apod. U kategoridlnich
proménnych vzriistd pracnost hromadného zpracovani jeste tim, ze vSechny individudlni hodnoty
kategorii musi byt opatfeny popiskami. Tyto informace je nutné natypovat do piislusnych
segmentll zpracovatelského programu, pro- toze jinak by se vystupni tfidici sestavy tabulek staly
nepiehled- né. TotéZplati o prezentaciiinterpretaci modelt zaloZenych na tfidéni vysSich stupiiti.
Za usporngj$i miizeme v tomto smyslu povazovat vystupy po spojité promeénné, kde se
prostiednictvim jiz piedzpracovanych prumeriu (nebo také medianii) ziské vlastné jednadimenze

formalnihotfidéninavic. Potomlze efek- tivné prezentovat jesté tfidéni na dal$im stupni (zde napf.

pro Two-Way ANOVA s faktorem opakovanych méfeni).
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3.3 Vybér statistickychmetod

Spravna kvalifikace typli proménnych je zasadni pro treti fazi zpracovani datového

souboru, kdy kvalifikujeme jednotlivé proménné pro,,pouziti specifickych statistickych

metod“. Vkon- textu typologie proménnych piedstavené vyse ptjde zjevné bud oaplikaci

statistickych procedur pouZitelnych — I/ na spo- jitd data; - II/ na data kategoridlni. Za

standardni pro pfipad I/ povazujeme rozsahlé spektrum modeli ANOVA (pro normalné

rozdélenéndhodnéveliCiny, véetnétzv. generalizovanych ANO- VA pro vice specialni spojité

distribuce proménnych), v ptipad¢ velkého mnozstvi markert se a priori omezujeme na

One-Way ANOVA. U kategorialnich markerti ad II/ budeme povétSinou vychéazet ze

standardni metodiky Xz-testﬁ nezavislosti a ho- mogenity v aplikaci na dvojrozmérné

kontingenc¢ni tabulky, které statisticky program umi vytvofit pro kazdou vybranou
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dvojici kategoridlnich proménnych. V rdmci obou metodik jsme se u pacientl s
psoridzou omezili na tfidéni podle dvou nejvyznamnéjSich faktorG — A) podle tfi
zakladnich typu léchby (identifikovanych v ramci proménné Léchal23); - B) podle indi-
vidualnich biologik (pouze pii systémové 1éCbé v ramci pétihod- notové promeénné

Lécba45678).

Pro dichotomické proménné miizeme v principu pouZzit obou vyse zminénych piistupt k
analyze: pro pfipad ad I/ interpretu- jeme vysledky u nula-jednickovych proménnych
jako,,procenta jednicek*; v pfipads ad I/ interpretujeme testy y2-nezdvislosti spise jako testy
homogenity radkovych nebo sloupcovychpro- cent).Rovnéz ordinalni proménné 1ze obvykle
analyzovat meto- dikou ANOVA i prostiednictvim testd x2, pro nomindlni markery lze viak

pouZit pouze testy y2. V priibdhu celého ,,hromadného zpracovani bychom viak méli
hlidat, zda nejsou systematicky porusovany zakladni teoretické predpoklady, tzn. — 1/ pro

ANOVA normalita nebo alesponi stFedova jednovrcholovost empirickych distribu¢nich
rozd&leni; - II/ pro testy y2 bychom zase mé&li kon- trolovat, zda médme v t¥idénych tabulkach
dostatecné velké em- pirické Cetnosti (ptiblizn€ 95% Cetnosti ocekdavanych pii hypotéze

nezavislosti by mélo byt,>5%).

Pro findlni statistické zpracovani musi byt tedy data uspo- faddana tak, aby proménné

podléhajici spojité ANOVA byly seskupeny v ramci jednoho samostatné stojiciho

,,seznamu promé&nnych* a data vstupujici do y2-analyz do jiného (z vyse uvedeného je ziejmé,

ze nékteré proménné se v téchto sezna- mech mohou vyskytovat duplicitné). Na sofistikované

testovani normality u spojitych proménnych nezbyva u rozséhlych dato- vych soubori obvykle

moc ¢asu (pro proménné, u kterych se hypotéza o normalité zamita, by mohla byt aplikovana

jesté specifickd ,transformace k normalité” anebo uplatilovany jiné napt. neparametrické

alternativy k ANOVA). Podobné by i tabul- ky s nepostacujicimi ¢etnostmi pro legitimni pouziti

asymptotic- kych y2-testi mély byt komprimovany na mensi tzn. aZ tiebana uroven tabulek

Ctyfpolnich.
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3.4 Finalizace vystupnichsestav

Pokud by nyni panovala predstava, ze po uspé€sném priichodu navolenymi statistickymi
procedurami staci jen programem vygenerované vystupni sestavy vyexportovat a poslat
konco- vému odbérateli, je bohuZzel rovnéz mylna. Zadavatel analyz se totizmusi predevsim ve
vystupnich sestavach,,vyznat“. Za timto t¢elem musi tedy zpracovatel-statistik data znovu
vyexpor- tovat (obvykte do Excelu) a na urovni rozsahlych tabulkovych vystupti zvyraznit
nejvyznamnéjsi vysledky (nejlépe barevnym podbarvenim). Ve statistickych sestavach lze
obvykle nejuni- verzalnéji podbarvit statisticky vyznamné p-hodnoty, ptipadné testové statistiky,
na nichz jsou p-hodnoty zaloZeny. (V Excelu Ize pro tyto ucely velmi vyhodné vyuzit prostiedki
tzv. podmi- neného formatovani.) Ptitom p-hodnot je ve statistickych out- putech celd fada, takze

prezentace by méla byt prizpisobena hierarchii vyznamnosti testovanych hypotéz (od

simultannich F-testt v. ANOVA po mnohonasobna srovnavani a od souhrnnych Xz-testﬁ

nezavislosti po analyzu rezidui v jednotlivych buiikach kontingencnich tabulek).

Teprve na Grovni vystupnich sestav jsme vSak obvykle schop- ni posoudit i validitu jednotlivych
vstupnich proménnych. Shle- ddme, Ze nekteré vypolty pronékteré promeénné ze statistic- kych
sestav zcela vypadnou, v jinych sestavach, n€kdy pro jiné proménné se nevytiskou napf. p-
hodnoty. Povétsinou toto sou- visi s tim, Ze pfisluSna proménnéa ma statisticky nepodchytitelny

,zdroj ménlivosti* tzn. Ze pfislusna zavisle proménna ma jiz na urovni primarniho souboru
identické hodnoty (obvykle samé nuly) nebo obsahuje kromé nul tieba jen jedinou jednicku (coz
u nekterych statistickych procedur vadi), anebo takova situace nastane pfi nékterém zékladnim
tiidéni. V téchto situacich je tedy vhodnéjsi pfislusné proménné ve vstupnich seznamech
specificky identifikovat: proménné s konstanstnimi hodnotami ve sloupcich opatfit tfeba
ptedponou,,n_“ (takovych,,nulovych®* markerti bylo v souboru nalezeno 31) a napt. nula-
jednickové (dichotomické) proménné, které obsahuji nanejvys 1-3 jednicky (a ostatni nuly)
identifikovat s ptedponou ,,f “ (v souboru nale- zeno 66 takovych potencidlné ,,faleSnych*
proménnych). Pakjiz se bezpecnéji zorientujeme ve vystupnich sestavach, protoze pro vSechny
tyto proménné bychom logicky ,,m¢li dostavat nesignifikantni vysledky. Pokud statisticky
program dokéaze systematickym zplisobem prezentovat statisticky vyznamné vysledky i

prostfednictvim grafli, jsme jiz témét u konce. Profesiondlni statistické pakety vhodné pro
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systematické analyzy (SPSS) vSak obvykle nepro- dukuji grafické vystupy v kvalit¢ vhodné
pro prezentacni ¢i pu- blikacni ucely a naopak — softwary vhodné pro findlni grafické
prezentace (napf. program STATISTICA) zase neumoziuji pln€ automatizovat reprezentativni
grafické ptilohy. Potom se tedy musime uchylit k vizualni prezentaci alespon téch statisticky
nejvyznamnéjsich vysledkd, které potidime za cenu individual- niho zaklikdvani standardnich
tlacitkovych sestav. Je zajimavé sledovat vysledky One-Way ANOVA na grafech pro
markery vzeslé z pololetné se opakujicich vySetfeni. Pro takovato data (zejména pokud byla
uplnd) jsme pak jesté vyuzili grafické vy- stupy pro modely Two-Way ANOVA (s fixnim
faktorem Léchal23 resp. Lécba45678 a druhym pro pétici po ptlroce opakovanych méfeni). Ale
pokud si piejeme kupt. z programu STATISTICA transformovat do Excelu jesté specialni

tabulkové vystupy, mu- sime k tomuto ucelu pouzit specialné vytvorené makro (!).

4 Diskuse azavéry

Analyza vySe popsaného souboru pacientil s psoridzou byla provedena pragmatickymi
metodickymi postupy a nastroji, jak piislusi ndlezité a peclivé zdokumentované kohortni
studii zalozené na vstupnim a nasledn¢ opakovanych vySetfenich pa- cientl. Rozsah studie
piesahuje jiné klinické studie pfedevs§im S$ifi spektra naméfenych markerd, nikoli poc¢tem
pacientll, ktery se pro dané ucely jevi jako postaCujici. Studie byla cilena pfede- vSim na
nezadouci ucinky moderni biologické 1écby ve vztahu k tradiénym lécbam (lokalni a
konvencni systémova). Vybér pa- cienti pro jednotlivé typy Ilécby (identifikace
prostfednictvim tfihodnotové proménné Léchal23) byl proveden s ohledem na zdvaznost
postiZeni pacientii psoridzou—v korespondencisty- pem 1écby byli pacienti podrobovani
odpovidajicim léCebnym terapiim, jmenovité u biolologické 1écby aplikaci péti 1écebnych

ptipravki (jejich identifikace v ramci druhé tfidici proménné Lécba45678).

Vsechny markery obsaZené v databazi psoriatickych pacientl byly (po peclivé klasifikaci do
dvou obsahlych seznamt podle svého typu) vyttidény podle obou tiidicich proménnych v
rdm- ci One-Way ANOVA (anebo Two-Way pro opakovana méfeni) resp. do

dvourozmérnych kontingenc¢nich tabulek. Na trovni simultannich testti (F-testi pro One-

Way resp. souhrnnych tes- i y2-nezavislosti) jsme ziskali 24,0% resp. 26,6% statisticky vy-
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znamnych p-hodnot (99 z celkove 413 resp. 74 z 278) pro tiidéni podle Léchbal23 a 15,8%
resp. 15,5% statisticky vyznamnych p-hodnot (61/376 resp. 39/251) pro tfidéni podle

Lécha45678. Korespondence statistickych vyznamnosti mezi One-Way ANO- VA a testy x2
se potvrdila zejména na Grovni dichotomickych proménnych, kde nelze ptredpokladat
nesymetrické poruseni teoretickych vstupnich predpokladii pro aplikaci obou princi- pialné
odlisnych statistickych metodik. (Niz§i podil signifikant- nich testi pifi tiidéni podle
Lécba45678 si vysvétlujeme jednak niz§im vstupnim poétem n=112 pacienti 1écenych
pouze biolologickou l1é¢bou; navic tfidéni podle péti typti biologik je kvalitativné na jiné

urovni nez podle typi 1écby pro pacienty s riizn€ zdvaznym rozsahem postizeni.)

Z hlediska zatazeni pacientli do skupin podle typu lécby jsme shledali nasledujicic
statisticky nejvyznamnéjsirozdily—a) podle pohlavi, véku a také vysky pacienti; - b) podle
vstupni anamnézy (doby manifestace nemoci, frekvence vyskytu virdz, infekci,hormondalnich
zmén, hyperurikémie, depresiapod.); -¢) podle Castéjsiho uzivani antibiotik (indikace v §ir§im
spektru) a dalSich specialnich 1€kt proti psoridze; - d) podle fady neza- doucich uc¢inkt
biologické 1écby; - e) stopové na urovni n€kolika biochemickych markerti. PovétSinou se
indikace ad c)-e) vyskytovaly pfi pololetnich prohlidkach opakované. Ale fada jinych se u
psoriatickych pacientl systematicky nevyskytovaly.

Vysledky studie navazujinaklinické zkusSenostia v odborné literatufe jiz publikované zavéry o

ucincich a bezpecnosti riz- nych typi 1é¢by psoridzy pro riizné skupiny pacientli a dopliuji je o

informace tykajici biologické 1écby. V tomto piispévku bylo zejména poukazano nato,zeiv

ramciviceménérutinnihosta- tistického zpracovani dat mtizeme verifikovat fadu hodnotnych a

mozna i inovativnich vysledkt, pokud se zpracovani provadi peclivé a systematicky. Dalsi

medicinské zhodnoceni téchto vy- sledkd je ptipraveno v podrobnéjsich studiich [7], kde je véno-

van velky prostor zejména diskusim o zafazeni vySe nastinénych vysledk do kontextu

mezinarodné publikovanych vyzkuma.
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Vyskyt infekCnich
komplikaci pf1 biologicke
1eCbé psoriazy

BohacP.

SOUHRN

Dermatovenerologicka klinika 2. LF UK a
Nemocnice Na Bulovce je jednim z 18
center biologické 1é¢by psoriazy v Ceské
republice. Zabyva se terapii biologiky
nejen tézké, chronicky stacionarni pso-
riazy, ale i jinych koznich onemocné- ni,
jako jsou hidradenitis suppurativa a
chronicka spontanni urtikarie. Pro 1é¢- bu
chronicky stacionarni psoriazy jsou v CR
v soucasnosti registrovany biologic- ké a

biosimilarni pripravky adalimumab,
etanercept, infliximab, ustekinumab a
secukinumab. Retrospektivni studie

shrnuje ro¢ni sledovani infek¢nich kom-
plikaci u 98 pacienta 1é¢enych biologi- ky
v porovnani s kontrolni skupinou.
Uvedena data ukazuji na celkové vySsi
podil pacientii bez infekénich komplikaci u
pacientd léCenych ustekinumabem nez u
pacientd  lééenych TNF-a inhibitory.
Nebyly zjistény rozdily vyskytu infeké-
nich komplikaci u skupiny pacientli na
biologické 1é€bé a u kontrolni skupiny.

KLICOVA SLOVA

psoriaza® biologickalécbainfekce®
komplikace

SUMMARY

Bohac P., Marques E., Juzlova K., Jiraskova-

-Zakostelska Z., Smerhovsky Z., Hercogova J. Occurrenceof
infectiouscomplicationsinbio- logical treatment of
proriasis Dermatovenereologic clinic of the
2nd Faculty of Medicine of the Charles
University and the Na Bulovce Hospital
one of the 18 centres offering biologi- cal
treatment of psoriasis in the Czech
Republic. It deals with therapy of not just
severe, chronically stationary psoriasis but
also of other cutaneous diseases tre- atable
by biologics, such as hidradenitis,

is

suppurativa and chronic spontaneous
urticarial. There are several biological
preparations registered in the Czech
Republic for treatment of chronic statio-
nary psoriasis: adalimumab, etanercept,
infliximab, ustekinumab and secukinu-
mab. The retrospective study summari-
ses year-long monitoring of infectious
complications in 98% of patients treated
with biologics, compared to the control
group. The data that has been collected
shows a higher ratio of patients without
infectious complications in patients tre-
ated with ustekinumab, compared to pa-
tients treated with TNF-alpha inhibitors.
There were no differences discovered in
occurrence of infectious complications
between the group of patients treated
with biologics and the control group.

KEY WORDS

biological treatment of psoriasis ® biological
preparations ® infectious complications

PSORIAZA

Psoriaza je chronické zanétlivé, imunitné
podminéné kozni onemocnéni s mnoz-
stvim raznych klinickych manifestaci.
Prevalence onemocnéni se pro populaci v
Evrop&iUSAudavamezi1,5-4,7 %.(-2V
posledni dobé se diskutuje vliv kozniho
mikrobiomu na etiopatogenezi psoriazy.
Jak vyplyva z recentnich studii, slozeni
kozniho mikrobiomu psoriatickych 1ézi se
1i81 od mikrobiomu nepostizené kize u
pacientt s psoriazou i od mikrobiomu
zdravych jedinct.® ¥ Praveé odlisnost re-
zidentniho bakterialniho osidleni kiize by
mohla byt kliCova v rozvoji psoriazy.
Psoriaza je onemocnéni nejen ktize a koz-
nich adnex, ale mohou byt postizeny i
klouby ve formé psoriatické artritidy.
Kromé toho je tézka forma psoriazy nyni
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chapana jako systémové zanétlivé one-
mocnéni se zvySenym rizikem vzniku
kardiovaskularnich a gastrointestinalnich
chorob, s vyssim rizikem vzniku poruchy
glukézového a lipidového metabolismu a
vznikem metabolického syndromu.® > ©
Tyto komorbidity jsou zodpovédné za zdra-
votni komplikace a snizenou kvalitu Zivota
pacienta. Kvuli psoriaze a naslednym ko-
morbiditam se pacienti dozivaji v priméru o
3—4 roky méné nez jedinci bez tohoto
onemocnéni.” Z vyse uvedeného vyplyva
nutnost 1é¢by (zejména) tézkych forem
psoriazy.

BIOLOGICKA (CILENA)
LECBA PSORIAZY

Podrobné zkoumani intercelularnich sig-
nalnich molekul a jejich vzijemnych in-
terakci dalo moznost vzniku cilenych 1é-
¢iv, ktera paisobi na subcelularni irovni. Pfi
patogenezi psoriazy maji klinicky nej- vetsi
vyznam prozanétlivé cytokiny IL-12, IL-17,
IL-23, TNF-o. Proti témto signalnim
molekulam jsou namifeny v soucasnosti v
CR dostupné biologické 1éky (inhibuji
jejich biologickou aktivitu).

Diky svému selektivnimu ptsobeni vy-
kazuji biologika niz§i riziko vzniku ne-
zadoucich uéinka nez jiné léky indiko-
vané k 1é¢bé tézké formy psoriazy, jako
jsou metotrexat, acitretin nebo cyklo-
sporin A.®

Vysoka uéinnost biologické 1&Cby t&zké
formy psoriazy a psoriatické artritidy je
ale také doprovazena nékterymi nezadou-
cimi G¢inky. Pacienti 1é€eni biologickou
lé¢bou jsou vice nachylni k zavaznym
infekcim, mezi dal$i komplikace patii
poruchy krvetvorného systému, riziko
vzniku neoplazii, poruchy nervového,
kardiopulmonalniho, gastrointestinal -
niho, imunitniho systému a psychiat-
rické choroby. Z tohoto divodu musi byt
pacienti dikladné vySetfeni pred 1é¢bou,



v prubéhu 1é¢by i po jejim ukonceni (eli-ty v priub&hu 1é¢by disledné monitorovat k na s udaji uvedenymi v SPC jednotlivych

minace 1é¢iva z organismu muze trvat i vylouceni reaktivace infekce. 101D biologickych 1é¢iv. K testovani statistic-
né&kolik mé&sici).©: 10: 1. 12.13) V ramci klinickych studii s jednotlivymi kych hypotéz byly pouzity chi-kvadrat test a
Lécba by neméla byt zahajena u pacientu s 1é¢ivy byly zkoumany i infekéni komplikace Fischertv exaktni test. Sila asociace mezi
aktivnim, nekontrolovanym infek¢énim (Tab. 1). sledovanymi parametry byla vyjadiena jako
onemocnénim a v pfripadé jiz probihajici METODIKA odds ratio a k tomuto ukazateli byly
1é¢by by méli byt pacienti peclivé sledova- ni, vypocteny piislusné 95% intervaly statis-

diagnostikovani a vcas 1éCeni. TNF-a je Studie se vénuje vyskytu infekénich tické spolehlivosti.

jednim z mediatort zanétlivé reakce, hraje komplikaci béhem jednoho roku biolo-

roli v bunééné imunitni reakci a je dalezity gické 1écby u naSich pacientli. Analyza SOUBOR P ACIENTIOJ

pro eliminaci intracelularnich patogent.® U ziskanych dat je zaloZena na srovnani

pacienta lé€enych TNF-a inhibitory byly souboru zahrnujiciho pacienty rozdélené do Vesledovanémobdobi12mésicti(duben2015 az
popsany zavazné infekce zpusobené dvou skupin podle typu biologickych 1éciv bfezen 2016) bylo studovano celkem 98 pa-
baktériemi, mykobaktérie- mi, plisn€mi ¢i (TNFa inhibitory a inhibitor IL-12/- cientii,ztoho 32 zena 66 muzi. K 1.4.2015 byl
parazity.'© P¥i rozvoji t&z8i infekce je23) a kontrolni skupiny pacientd bez imu- praimémy vék celého souboru 46,3 roku,
vhodné biologickou lé¢bu pierusit do doby nosupresivni 1é¢by. Zjisténi jsou rovnéznejmladsi pacientce bylo 15 let, nejstarsi
zvladnuti  infekéniho onemocnéni. U konfrontovana s daty uvedenymi v jed-pacientce bylo 80 let. Primérna doba bio-
pacientd na biologickeé 1écbe jenotlivych SPC biologickych pripravki. logické 1é¢by (nezahrnuje pacienty, kterym

kontraindikovano  ockovani  Zi- vymilJedna se o zpracovani souboru pacientll z byla biologicka 1éEba nasazena v pribé- hu
vakcinami. jednoho centra biologické 1é¢by v Ceské sledovaného obdobi) ¢inila 62,4 mé- sice
Kromé& vySe uvedenych infekci byly republice. (min. 3 a max. 119mésict).

popsany pii terapii TNF-a inhibitory Za sledované obdobi duben 2015 az bifezen Z celkového poctu98 pacientiibylo1éceno 22
piipady reaktivace tuberkulézy a he-2016 byly studovany dekurzy nemocnych pacientii  etanerceptem, 35  pacientl
patitidy B. Vzhledem k mozZnosti roz- voje provedené béhem pravidelnych kontrol adalimumabem, 29 ustekinumabem, de- set
tuberkulézy je u pacienti nutné vyloucit pacientii. Byly vyhodnoceny zaznamenané infliximabem a dva secukinumabem
aktivni ¢i latentni formu tu- berkuldézy azdravotni komplikace pacientli. Do kon-—1écba téchto dvou pacienti byla zahajena v
vySetfeni na tyto infekce pravidelné vtrolni skupiny byli zafazeni ambulantni prosinci2015,jejich vysledky nebyly pro- to
prabéhu 1ééby opakovat. V klinickém pacienti, ktefi navstivili nasi v8eobecnou dale statisticky zpracovavany. Z 29 pa-
hodnoceni pfipravku usteki- numab nedoslo ambulanci v pribéhu zafi 2016, a to bez cientt léCenych ustekinumabem bylo

u pacienti s latentni tu- berkuldézou, ktefi ohledu na kozni onemocnéni. Tito pacien- ti 17 muza a 12 Zen, praimérny veék pa- cientil
byli soub&zné 1é¢eni izoniazidem, k rozvoji vyplnili dotaznik cileny na vyskyt in- fekci byl 43,6 roku (min 21,7, max. 66,4 roku),
tuberkulézy.'? Pfi pozitivité vysledku testu v uplynulém roce. Nasledné byly vy- fazeny primé&rna délka biologické 1éEby téchto
naHBYV jedo- poru¢eno konzultovat odborné dotazniky pacientd, ktefi v dob& vyplnéni pacientiibyla4,11 roku (min. 0,3, max. 8 let),
pracovisté zabyvajici se terapii této infekce a dotazniku uzivali imunosupre- sivni terapii. z 67 pacientli 1é€enych TNF-o inhibitory
pacien- Data byla rovnéz porovna- bylo 47 muzi a 20 Zen,

Infekéni komplikace biologické 1é¢by

adalimumab velmi ¢asté (_ 1/10) infekce dychacich cest
casté (1 1/100 az < 1/10) systémovéinfekcee, stievni infekce, infekce kiize amekkych tkani (veetné paronychia, celulitidy,impetiga,
usniinfekce,ordlniinfekce,infekcemocovychcest,plisnové infekce)
malo casté ([ 1/1000 az <1/100) neurologické infekce, oportunni infekce a tuberkuloza, o¢ni infekce
etanercept velmi casté (— 1/10) infekce cest dychacich, cystitidy, infekce kize
malo Casté ([ 1/1000 az < 1/100) zavaznéinfekce(veetnépneumonie,celulitidy,sepseaparazitarnichinfekei)
wzacné (11 1/10 000 az < 1/1 000) tuberkuloza, oportunni infekce
infliximab welmi Casté (©— 1/10) virové infekce (napf. chiipkova onemocnéni, infekce virem herpes simplex)
Casté (11 1/100 az < 1/10) bakterialni infekce (napt. sepse, celulitida, abscesy)
ménécasté(L 1/1000az<1/100) tuberkuloza, plisnové infekce, (napf. kandidoza)
ustekinumab Casté (L1 1/100 az < 1/10) zubni infekce, infekce hornich cest dychacich, nazofaryngitida
ménécasté(L 1/1000az<1/100) celulitida, herpes zoster, virova infekce hornich cest dychacich
secukinumab velmi ¢asté (— 1/10) infekce hornich cest dychacich
Casté (L1 1/100 az < 1/10) oralni herpes
ménécasté(l1/1,000az<1/100) oralni kandidoza, tinea pedis, otitis externa
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praimérny vék 47 let (min. 14,7, max. 80 let),
pramérna délka biologické 1é¢by 5,64 roku
(min 0,25, max. 10 let). Primérna délka
1&¢by je pocitana od zahajeni samotné bio-
logické terapie vcetné pfipadnych zmén
biologickych 1&€Civ.

KONTROLNI{ SKUPINA

V anonymnim dotaznikovém Setfeni byli
osloveni pacienti Dermatovenerologické
kliniky Nemocnice Na Bulovce. Celkem
jsme obdrzeli 100 vyplnénych dotazni- ki,
z tohoto mnozZstvi bylo vyfazeno pét
pacientd léCenych imunosupresivy a je-
den dotaznik byl vyfazen pro zjevné ne-
srovnalosti udané pacientem. Zafazeno
bylo 44 muza (pramérny vék 47,2 roku, 9—
78 letya 51 zen (prumérny vék 42,7 roku, 8—
97 let). Prumérny vék celého souboru byl
45,3 roku.

VYSLEDKY

Nadory ani nové diagnostikovana tuber-
kuldza se nevyskytly ani jednou.

INFEKCE DYCHACICHCEST

Béhem 12 meésicti byla nejcastéjsi zdra-
votni komplikaci infekce dychacich cest.
Byly sem zahrnuty infekce hornich i dol-
nich cest dychacich, nejcéasté&ji se jednalo o
rinofaryngitidu, tonzilitidu, tonzilo-
faryngitidu, laryngitidu, bronchitidu.
Onemocnélo celkem 37 pacientt (37,5 %
vSech pacientl). Z toho bylo deset pacien- ti
1éCenych etanerceptem (45 % pacientl
1éCenych etanerceptem), adalimumabem 13
pacienti (37 % pacienti s adalimuma-
bem), infliximabem Sest pacienta (60 %
pacienta s infliximabem), sedm pacienti
ustekinumabem (24 % pacientl s usteki-
numabem) a jeden pacient léeny secu-

%

kinumabem. Jedenact pacientti (11 %) meé-lo
infekt dychacich cest vice nez jednou.
Onemocnélo celkem 29 pacientit 1é€enych
TNF-a inhibitory (tzn. 43,3 % pacienti 1¢é-
genych TNF-a). Cetnost infekénich kom-
plikaci dychacich cest byla vyssi u sku- piny
pacientti 1é¢enych TNF-a inhibitory nez u
skupiny léCenych ustekinumabem, data se
pohybovala na  hranici statistic- ké
vyznamnosti (OR = 2,4, 95% CI pro OR 0,4—
6,38, p = 0,077). Infekci dychacich cest v
kontrolni skupiné prodélalo celkem 40
pacientti (42,5 %). Nebyl prokazan stati-
sticky vyznamné rozdilny vyskyt infek- ci
dychacich cest u skupiny pacienti na
biologické 1écbéoproti kontrolni skupiné
(OR = 0,83, 95% CI pro OR 0,46-1,47,p=
0,517). Srovnani procentualniho zastou-
peni pacientt s infektem dychacich cest
na jednotlivych biologickych preparatech
uvadi Obr. 1.

INFEKCE MOCOVYCH CEST

Z celkového poétu 98 pacientt, ktefi méli za
sledované obdobi nasazenou biologickou
1é¢bu, se vyskytla uroinfekce u tii paci- enta
(3 %), z toho dva pacienti byli léCeni
adalimumabem a jeden ustekinumabem.
Infekci mocovych cest v kontrolni skupiné
prodélalo deset pacientt (10,6 % pacien- ti),
rozdil vyskytu infekci mocovych cest u
skupiny pacientd na biologické 1écbé a u
kontrolni skupiny je na hranici stati- stické
vyznamnosti (OR = 0,27, 95% CI pro OR
0,07-1,02 , p=10,07).

LATENTNI TUBERKULOZA

Za sledované obdobi byla 1é¢ba pro vy-
skyt pozitivniho Quantiferonu pferusena u
Ctyf pacientti. U dvou doslo v uvedeném
obdobi k nové pozitivité a dva pacienti méli
nové pozitivni vysledek kratce pred
sledovanym obdobim a k 1. 4. 2015 méli
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Obr. 1 Infekce dychacich cest AN
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pferusenou biologickou 1é¢bu (za soucas-
né terapie isoniazidem). VSichni pacien- ti
byli 1é€eni TNF-o inhibitory. Ve tiech
pfipadech se jednalo o pacienty lécené
adalimumabem (8,6 % pacientd), v jed-
nom piipadé byl pacient 1é€eny etaner-
ceptem (4,5 % pacientil). Pramérna doba
biologické 1é¢by do vyskytu pozitivniho
Quantiferonu byla 82,2 mésice (min. 3
meésice, max. 119 mésicti), u vSech paci-
entl byla podle pneumologické indikace
biologicka 1é¢ba pferusena a byla zahéaje-
na terapie isoniazidem.

NADOROVA ONEMOCNEN]

Dva pacienti ukon¢ili biologickou lécbu z
divodu vyskytu maligniho onemocnéni. U
pacienta ve véku 66 let 1é€eného etaner-
ceptem byl diagnostikovan adenokarci-
nom prostaty za 98 mésici od zahijeni
terapie. Pacientka na terapii ustekinuma-
bem onemocnéla invazivnim karcinomem
prsu ve veéku 45 let, Sest let po zahéjeni
biologické 1é¢by. Jiné zhoubné ¢i nezhoub-
né nadory jsme u naseho vzorku pacientd
nezaznamenali.

KOZNI INFEKCE

Z koznich infekci se u dvou pacientii vy-
skytly virové infekce — herpes simplex
labialis s nekomplikovanym prabéhem au
druhého pacienta terapeuticky Spatné
ovlivnitelné virové bradavice. Z kvasin-
kovych infekci bylo u jednoho pacienta
diagnostikovano kandidové paronychium s
nutnosti systémové antimykotické tera- pie.
Jeden pacient byl léCen antibiotiky pro
flegmonu palce dolnikoncetiny.
Z ostatnich, méné castych
komplikaci, se u dvou pacientii vyskytl
zanét dasni, u jednoho nemocného abs-
ces dutiny uGstni, u jednoho lambliéza a
u dalsiho otitis media acuta, kompli-
kovana perforaci bubinku s nutnosti
nasledné myringoplastiky a hospitalizace.

infek¢nich

LECBA ANTIBIOTIKY

Dalsim sledovanym faktorem byla antibio-
ticka terapie, ktera byla za sledované obdo-
bi uzita u celkem 21 pacientil. NejcastéjSim
diivodemnasazeniantibiotickéterapieby- la
infekce dychacich cest — celkem u 13 pa-
cienti (62 % pacientii lé¢enych antibio-
tiky). Dalsimi davody byla uroinfekce (2
pacienti), gingivitida (2 pacienti), absces
dutiny ustni, otitis media acuta, lambli- 6za
a v jednom pfipadé byla antibiotika
nasazena pii stomatologickém zakroku. U
jedné pacientky byla nasazena systémo- va
antimykoticka terapie pro kandidové
paronychium. Antibiotika byla nasaze- nau
tfi pacientd 1é¢enych etanerceptem, u deviti
pacientd lé€enych adalimuma-



% Pacienti, ktefi vyplnili dotazniky, byli pa-

100 cienti na8i vSeobecné ambulance, kromé
90 vyfazenych pacientdi s imunosupresivni
terapii nebylo déle rozliSovano, pro jaké
80 66 zékladni onemocnéni vyhledali lékaiskou
70 péci. Z tohoto divodu vzorek neodpovida
zcela bézné populaci.
60 a3 . 40 A
50 ZAVER
Vysledky této ro¢niretrospektivni analy- zy
40 dat vcetné incidence vySe uvedenych
30 infek¢nich komplikaci je nutno hodnotit s
prihlédnutimknizkému poctupaciento-
20 -rokii za sledované obdobi. Uvedena data

ukazuji na celkové vys§i podil pacientii bez
infek¢nich komplikaci u pacienti 1é€enych
ustekinumabem nez u pacienti lécenych
TNF-a inhibitory. Nebyly zjistény rozdily
bem, u &ty pacientl 1é€enych inflixima- bem, u obou skupin odpovidalo etnosti vysky- ¢, vyskytu infekénich komplikaci u skupiny
u Ctyf pacient léCenych ustekinu- mabem > /10 ©.10.11.12) pacientl na biologické 16Eb& v porovnani s
(tzn. u 23,9 % pacientl lé€enych TNF-a.a u 13,8 jroinfekce je podle SPC adalimumabu lfontrolni skupinou.

% pacientii lé¢enych usteki- numabem). Nebyl j, fekeni komplikaci &astou (= 1/100 az < Clanek nema ambice oponovat rozsah-
prokazan statisticky vy- znamny rozdil 1/10), SPC nezmifiuje data o hodnoceni lym, mnohaletym, casto placebem kon-
Cetnosti antibiotické lé¢by u skupiny pacientll | ;.qinfekei u ustekinumabu. NAaS zachyt trolovanym klinickym studiim, pfesto by
na TNF-a inhibitorech a ustekinumabu (OR = 4,,q4 pacientil s uroinfektem (5,7 % paci- néktera nase data mohla byt podnétem k
1,92, 95% Cl pro OR 0,58-6,35, p = 0,28). Za 14 lé&enych adalimumabem) odpovida dalsi praci zkoumajici redlnou incidenci
obdobi 12 mésich byla nasazena antibiotickd felcvenci Gasté (=1/100 2z < 1/10).0D

adalimumab etanercept infliximab ustekinumab

Obr. 2 Pacienti bez infekénich komplikaci

infekénich komplikaci u pacienti s biolo-
lé¢ba celkem u 31 pacientd kontrolni skupiny \v SpC adalimumabu je hodnocen vyskyt gickou lé¢bou.

(32,9 %), rozdil se pohyboval na hranici j5tentni tuberkulézy jako malo &asty (= Na naSem pracovisti probiha sbér dalSich
statistické vyznamnosti (OR = 0,54, 95% CI /1000 az < 1/100), u etanerceptu jako dat, jejichz vyhodnoceni, v&etné& zhodno-
pro OR 0,28-1,04, p=0,066). vzaeny (=1/10000a%< 1/1000). Zasledova- né ceni dalSich komplikaci biologické terapie,
Z celkového poctu 98 pacientli bylo bez ypqobi se latentni tuberkuléza objevila u8,6 budou obsahem pfistich sdéleni.
jakychkoliv infekénich komplikaci 49 pa- % pacientii 1ééenych adalimumabem au 4,5

cientl (50 %), lé¢enych etanerceptem bylo 10 o pacientii 1é¢enych etanerceptem. V obou Préace byla podpofena grantem Agentury pro zdra- votnicky

(45 %), adalimumabem 15 (43%), inflixi-

mabem 4 (40 % pacientil), ustekinumabem 19
(66 % pacientll) ajeden pacient léCeny
secukinumabem (50%). Z celkového poctu 67
pacienti na TNF-a inhibitorech bylo bez
infek¢nich komplikaci 29 pacienti (43,3 %).
Statisticky vyznamné byl vy$§i podil pacienta
bez infekénich kompli- kaci u skupiny lécené

dvou pfipadech cetnost odpovida- la
vyskytu komplikace ¢asté (= 1/100 az
< 1/10).01.12

Na zaklad€ nasi zkuSenosti nebyl prokazan
statisticky vyznamny rozdilny vyskytu in-
fekci dychacich cest u pacienta 1é€enych
biologickou 1é¢bou v porovnani s kon-

trolni skupinou. Byl zaznamenan nizsi

vjzkum Ceské republiky ¢. 15-30782A. Predneseno na 5.
brnénském dermatologickém dnu A. Tryba dne 25. 11. 2016.

Prohlaseni:autofi v souvislostis tématemprace ne maji stiet
zajmu.
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Pacientka ¢.1: pfed zahdjenim ustekinumabem Pacientka¢. 1: dva mésice po zahédjeni terapie Pacientka ¢.1: 8 mésicti po zahajeni ustekinumabem

Pacient ¢.2: pfed zahajenimbiologické 1écby (zada). Pacient ¢.2: pied zahdjenimbiologické 1é¢by (bficho).

Pacient ¢.2: 11 mésictipozahdjeni infliximabu (bficho). Pacient ¢.2: 11 mésict pozahajent terapie infliximabem (zada)

216



PUBLICATIONS OF THE AUTHOR

217



1. Publications related to the doctoral research

a. With impact factor

Paluch Z, Marques E, Boh4¢ P, Zemkova K, Hercogova J. Adverse events of adalimumab,
infliximab, etanercept, secukinumab and ustekinumab in psoriasis. Journal of Cutaneous
Medicine and Surgery. [Manuscript submitted for publication].

IF = 2.854

Marques E, Paluch Z, Bohac P, Slanai O, Bélacek J, Hercogova J. The safety profile of
biologic agents in comparison with non-biologic systemic agents, and topical compounds in
the management of psoriasis — a 30-month prospective, observational study. International J
of Clinical Practice. 2021; 75(12): e14915.

IF =2.503

Marques E, Paluch Z, Boha¢ P, Slanat O, Bélacek J, Hercogova J. Epidemiology of
moderate-to-severe psoriasis: a comparison between psoriasis patients treated with
biological agents, conventional systemic drugs and topical agents. J Dermatolog Treat.
2020; 20:1-14.

IF =3.359

b. Without impact factor

Bélacek J, Marques E, Paluch Z. Statistical analysis of data of patients with psoriasis.

MEDSOFT 2020; 32:81-84.

Marques E, Paluch Z, Hercogova J. The use of biologics in the therapy of psoriasis — an

overview. Ceskd dermatovenerologie 2019; 9(3):172-179.

Bohac¢ P, Marques E, Hercogova J, et al. Incidence of infectious complications of biological

drugs in the treatment of psoriatic patients. Ceskd dermatovenerologie 2016; 6(4):232-237.

218



2. Publications unrelated to the doctoral research

a. With impact factor

Paluch Z, Trojanek M, Veliskova Z, Mlichova J, Chrbolka P, Gregorova J, Marques E, et
al. Neurotoxic side effects of acyclovir: two case reports. Neuro Endocrinol Lett. 2021;
42(6): 375-382.

IF =0.765

Arenbergerova M, Gkalpakiotis S, Marques E, et al. Corticosteroid rescue therapy in
relapsing hidradenitis suppurativa treated with adalimumab. J of the European Academy of
Dermatology and Venereology 2021; 35(6): e381-e383

IF =6.166

Marques E, Arenberger P, Smetanovd A, et al. Successful treatment of recalcitrant
hidradenitis suppurativa with risankizumab after anti-TNF failure. British Journal of
Dermatology 2021; 184(5): 966-967.

IF =9.302

Paluch Z, Biriczova L, Pallag G, Marques E, et al. The therapeutic effects of Agrimonia
eupatoria L. Physiological Research 2020 [online]; 69(4): 555-571.
IF = 1.881

Arenbergerovd M, Arenberger P, Marques E, et al. Successful treatment of recalcitrant
gluteal hidradenitis suppurativa with brodalumab after anti-TNF failure. Infernational
Journal of Dermatology 2020; 59(6):735-735.

IF =2.736

Palanova P, Marques E, Dobsak P, et al. Home-based training using neuromuscular
electrical stimulation in patients on continuous ambulatory peritoneal dialysis: A pilot study.
Artificial Organs [online] 2019; 43(8):796-805.

IF = 3.094

219



b. Without impact factor

Smetanova A, Marques E. Hidradenitis suppurativa. Farmakoterapie Revue 2022;

7(3):278-283.

Marques E., Arenbergerova M., Smetanova A., Zimova D., Gkalpakiotis S. Uspésna 1é¢ba
risankizumabem u pacientky s hidradenitis suppurativa a s roztrouSenou skler6zou. In

Kazuistiky z dermatologie. Praha: Maxdorf, 2021, s. 46-50. ISBN 978-80-7345-700-6.
Smetanovd A., Marques E., Arenbergerovd M. Kombinovana biologicka a chirurgicka
1é¢ba hidradenitis suppurativa u adolescenta. In Kazuistiky z dermatologie. Praha: Maxdorf,

2021, s. 46-50. ISBN 978-80-7345-700-6.

Marques E, Tanczosovd M, Arenbergerova M. Alopecia - overview, causes and current

treatment options. Dermatologie pro praxi 2020; 14(3):124-132.

220



3. Poster/oral presentations

Marques E. (2022, September 9). Surgery in advanced squamous cell carcinoma. [Oral
presentation]. 31 EADV Congress 2022, Milan, Italy.
https://eadvcongress2022.org/scientific/programme/

Marques E. (2022, September 9). Update on botulinum toxin indications. [Oral
presentation]. 31 EADV Congress 2022, Milan, Italy.
https://eadvcongress2022.org/scientific/programme/

Marques E. (2022, May 13). Alopecia areata: what is new for the clinician. [Oral
presentation]. EADV Symposium 2022, Ljubljana, Slovenia.
https://eadvsymposium2022.org/hair-disorders/

Marques E, Arenbergerovda M, Smetanova A, et al. (2022, February 9-11) Anti-IL-23 in
Hidradenitis Suppurativa: unveiling a new pathway. [Poster, online presentation]. 11

conference of the European Hidradenitis Suppurativa Foundation. www.ehsf2022.com

Smetanovd A, Marques E, Horackova Z, et al. (2022, May 24) Risk of squamous cell
carcinoma in patients with Hidradenitis suppurativa treated with TNF-alpha inhibitors.
[Poster]. 2022 Students’ scientific conference of the 3™ Faculty of Medicine, Charles
University, Prague, Czech Republic. https://www.If3.cuni.cz/3LF-2146.html

Note: awarded by the dean, Prof. MUDr. Petr Widimsky, DrSc., as the 379 best poster

of the conference

Smetanova A, Olivovd L, Marques E, et al. (2020, November 6) Comparison of
epidemiological data in hidradenitis suppurativa vs psoriasis in Czech patient population.
[Poster]. 2020 Students’ scientific conference of the 3™ Faculty of Medicine, Charles
University, Prague, Czech Republic. https://www.1f3.cuni.cz/3LF-1776.html

Note: awarded by the dean, Prof. MUDr. Petr Widimsky, DrSc., as the 2" best poster

of the conference

221



Marques E, Paluch Z, Biricz L, et al. (2020, September 3-5). The therapeutic effects of
Agrimonia Eupatoria. [Oral presentation]. TOXCON conference - 25" Interdisciplinary

Toxicology Conference, Prague, Czech Republic. http://web.natur.cuni.cz/toxcon2020/

Quarenta J, Barranha R, Marques E, et al. (2020, July 4-7). Alopecia areata, from the brain
to the skin — a case report. [Poster]. EPA 2020, 28" European Congress of Psychiatry,
Madrid, Spain. www.2020.epa-congress.org/

Marques E, Paluch Z, Hercogova J. (2019, October 9-13). Biological (Super Safe ?) Agents.
[Poster]. 28th European Academy of Dermatovenereology Congress, Madrid, Spain.

www.eadvmadrid2019.org

Marques E, Bohac¢ P, Paluch Z, et al. (2019, September 19-21). Biologics have won for their
effectiveness, but are they safer than older therapies? [Oral presentation]. 8" Czech-Slovak
conference of clinical pharmacology, Roznov pod Radhostém, Czech Republic.

https://www.health.gov.sk/Zdroje?/Sources/veda_vyskum vyvoj/program-cskkf-2019.pdf

Marques E, Bohac P, Juzlova K, et al. (2019, April 10-11). Adverse reactions to biologic
agents: infectious complications in the treatment of psoriasis. [Poster]. 2019 Students’
scientific conference of the 2™ Faculty of Medicine, Charles University, Prague, Czech

Republic. https://vedecka-konference.lf2.cuni.cz/en/archive

Marques E. (2018, May 31). Adverse reactions to biologic agents. [Oral presentation].
Multidisciplinary seminar of young pharmacologists and toxicologists, "Kvétinliv den".

Brno, Czech Republic. https://www.cazv.cz/pozvanka-na-kvetinuv-den-2018/
Marques E. (2015, January 15). Living in a country? Learn the language! [Oral

presentation]. International conference of Language Centres in Higher Education, Brno,

Czech Republic. https://slideslive.com/cjv/language-centres-in-higher-education-2015

222


http://www.eadvmadrid2019.org/

