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ABSTRACT

Psoriasis is a chronic, immune-mediated,
inflammatory skin disease, affecting 1-3% of
the white population. Although the existence of
two psoriasis incidence
suggested (one in adolescence before 20 years
of age and another in adulthood), its onset may

occur at any age, including childhood and

peaks has been

adolescence, in which the incidence is now
estimated at 40.8 per 100,000. As for adult
psoriasis, pediatric psoriasis has recently been
associated with obesity, metabolic syndrome,
increased waist circumference percentiles and
metabolic laboratory abnormalities, warranting
early monitoring and lifestyle modifications. In
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addition, due to psoriasis’ chronic nature and
frequently occurring relapses, psoriatic patients
tend to have an impaired quality of life, often
requiring long-term treatment. Therefore,
education of both pediatric patients and their
parents is essential to successful and safe disease
management. Given the lack of officially
approved
evidence-based  data  from
trials, and the

standardized guidelines, to date, pediatric

therapies, the very limited
randomized
controlled absence of
psoriasis treatment is primarily based on
published case reports, case series, guidelines
for adult psoriasis, expert opinions and
experience with these drugs in other pediatric
disorders coming from the disciplines of
rheumatology, gastroenterology and oncology.
This review focuses on the use of systemic
treatments in pediatric psoriasis and their
specific features, analyzing the few literature
evidences available, expanding the treatment
repertoire and guiding dermatologists in better
managing of recalcitrant pediatric psoriasis.

Keywords: Biologics; Childhood; Pediatric
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease
that affects 1-3% of the population [1]. This
multifactorial papulosquamous disorder is also
believed to be common in pediatrics [2].
Particularly, psoriasis is reported to affect 0.5-1%
of children in Europe [3]. Moreover, the incidence
of pediatric psoriasis is significantly increased over
time, being now estimated at 40.8 per 100,000
with amedian age onset between 7 and 10 years [4,
S]. Furthermore, a few prevalence surveys have
demonstrated that about one-third of psoriasis
patients sometimes develop their symptoms
during childhood, although some of these may
not be diagnosed until adulthood [6, 7]. Since
children differ from adults, specific guidelines
underlining clinical pictures and management
are needed to support early intervention, which
is also fundamental to achieving psychological
comfort and preventing the appearance of
comorbidities, apart from controlling and
limiting the burden of the disease [8]. However,
there are currently no international standardized
guidelines for medical treatment of pediatric
psoriasis. Indeed, to date, treatment is primarily
based on published case reports, case series,
guidelines for adult psoriasis, expert opinions and
experience with these drugs in other pediatric
disorders. As a consequence, most anti-psoriatic
drugs, especially systemic ones, are often used off
label [2]. This review focuses on the use of systemic
treatments in pediatric psoriasis and their specific
and peculiar features analyzing the few literature
evidences and studies regarding systemic therapy
in childhood psoriasis management.

METHODS

We searched for English-language literature
regarding systemic treatments in pediatric

psoriasis in the following databases through 7
February 2016: PubMed, Embase, The Cochrane
Library, Google Scholar, Scopus and EBSCO.
The following key words were used: “pediatric

psoriasis,” “childhood psoriasis,” “systemic
therapy,” “systemic treatments,” “psoriasis,”
“childhood,” “children,” “infancy,”
“cyclosporine,” “methotrexate,” “acitretin,”

“etretinate,” “fumaric acid esters,” “biologics,”
“adalimumab,” “etanercept,” “infliximab” and
“ustekinumab.” This article reviews especially
newer data to address the issues that surround
pediatric psoriasis and to provide an update on
its systemic treatments. All the evidence was
evaluated by the authors, who then combined
this with clinical experience of everyday
practice in an effort to provide a complete
review of the management of psoriasis in
childhood.

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

MANAGEMENT OF PEDIATRIC
PSORIASIS: SYSTEMIC THERAPY

The management of pediatric psoriasis is a
complicated and intriguing task. Standardized
guidelines for the treatment of children with
psoriasis are lacking, although certain published
psoriasis guidelines for adults address several
issues that concern younger populations [9, 10].
Both available systemic therapies for pediatric
psoriasis and randomized controlled trials
supporting their use are limited, so that
physicians have to rely on data from case
reports and case series from the field of
dermatology as well as from the application of
the same drugs but for rheumatologic or
gastroenterological pediatric conditions. Given
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Table 1 General approach to pediatric psoriasis treatment

General approach to pediatric psoriasis treatment

Factors to consider
Patient age

Type of psoriasis (guttate, plaque,

pustular or erythrodermic)

Clinical severity of the disease

Location of psoriasis

Impact on quality of life

Psychological burden of the condition
Comorbidities (psoriatic arthritis, obesity, etc.)
Patient’s previous treatments

Patient’s preferences

Special issues
Girls of childbearing potential (avoid retinoids)

Unstable disease (consider cyclosporine)

Presence of psoriatic arthritis (consider

methotrexate or biologics)

Intense physical activity (avoid retinoids)

the lack of guidelines, a general approach
should be performed (Table 1): the choice of
the most appropriate treatment should be
influenced by several factors such as patient
age, clinical severity of the disease, the impact
on quality of life, the psychological burden of
the condition, the presence of comorbidities
(psoriatic arthritis, obesity, etc.), as well as the
patient’s previous treatments and preferences
[2, 11].

PHOTOTHERAPY

Children with psoriasis typically respond very
well to treatment with phototherapy, which is
considered an appropriate treatment in case of
debilitating palmo-plantar psoriasis, diffuse
psoriasis involving more than 15-20% of the

body surface area, refractory plaque/
guttate/pustular psoriasis or patients who
cannot receive systemic drugs for their

moderate to severe psoriasis [12]. There are
three main alternatives: broadband ultraviolet
B (BB-UVB, 280-320 nm), narrowband (NB)-UVB

(311-313nm) and UVA (320-400 nm). They
inhibit DNA
proliferation and

synthesis and Keratinocyte
apoptosis of T
production of
BB-UVB

comprises the most active portion of sunlight

induce
lymphocytes and
anti-inflammatory mediators [13].

radiation and produces excellent responses in
NB-UVB is less
erythemogenic than BB-UVB and has been

case of guttate psoriasis.

shown to be effective especially for guttate or
thin plaque disease; it is now considered the
first-line phototherapy, because of its association
with milder side effects [14, 15]. Short-term side
effects from UVB phototherapy have been well
described also in pediatric population and
comprise dry skin, itch, erythema, blistering
and herpes virus activation [16]. On the other
hand, long-term side effects, mainly consisting
of premature photoaging and carcinogenesis, are
not well documented in children [15, 16].
effect of UVB
phototherapy and chronic sun exposure has

However, the cumulative

been linked to skin cancer. Thus, long-term
follow-up of psoriatic children who attend
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phototherapy is
associations  with

necessary to clarify the
effects.  The

cumulative UVB dose and cancer risk can be

adverse

reduced combining phototherapy with systemic
or topical treatment, such as acitretin and
calcipotriol, respectively [16-18]. NB-UVB is
considered the most efficacious and safe type of
phototherapy in children [19]. In 2011, a
retrospective  study
patients showed complete clearance in 51%
and a

in pediatric psoriasis

good response (at least 75%
improvement) in 41% of the subjects through a
mean treatment duration of 3.3 months [20].
Recently, Wong et al. performed a retrospective
study on 12 pediatric psoriasis patients treated
with NB-UVB, also performing a thorough
review of the literature, and concluded that this
type of phototherapy is a safe and effective
treatment for childhood psoriasis and should
be considered in children with suboptimal
response to topical therapy [21]. Indeed, there
are several published case series in the literature
attesting to the efficacy of UVB phototherapy, in
particular NB-UVB phototherapy, in treating
plaque and guttate psoriasis in children aged
2-18 years, with the majority of patients
achieving a moderate to significant response or
almost complete to total remission over an
average of 25-34 treatments, with one study
reporting a mean duration of remission of
[16, 20, 22-25].
potential early side effect, together with the
need of recurrent medical visits and the difficulty
in remaining within UV chambers, often make

8 months However, the

phototherapy unsuitable for small children and
infants; also the logistics and frequency of
appointments could be also an issue for
parents  [15, 17].
photochemotherapy, it acts through UVA and
the photosensitizing psoralen (PUVA) use. PUVA
therapy is usually contraindicated in children

patients’ Regarding

younger than 12 years also because of their

ingestion-related toxicity, including nausea
and vomiting, headaches, ocular and hepatic
toxicity, generalized photosensitization needing
photoprotection for 24 h, the possibility of
burning and long-term risk of skin cancer [12,
26]. Indeed, PUVA is now rarely used in children
because of long-term toxicity; topical PUVA
treatments are generally preferred [15].

NON-BIOLOGIC SYSTEMIC DRUGS

Severe or refractory plaque, pustular or
erythrodermic psoriasis and psoriatic arthritis
(PsA) require systemic drugs. As in adults,
non-biologic systemic drugs used for pediatric
(Table 2) acitretin, a
non-immunosuppressing retinoid, and the
immunosuppressants methotrexate (MTX) and
cyclosporine (CsA). None of them is FDA
labeled for psoriasis in children because of the
lack of randomized controlled trials in this age
category [12]. Data on benefits and risks of these

therapies for psoriasis mainly come from

psoriasis include:

long-term use in pediatric patient affected by
other diseases such as ichthyoses (acitretin),
juvenile rheumatoid arthritis (MTX) and organ
transplantation (CsA) [12]. Due to the risk of
adverse reactions and other potential adverse
effects, use of systemic medications for the
treatment of psoriasis in children is generally
reserved for recalcitrant disease, severe and/or
diffuse disease, or the presence of juvenile PsA.
Systemic agents may be combined with use of
topical agents and/or phototherapy in order to
enhance efficacy and reduce the risk of adverse
effects [27]. A very recent French multicenter
retrospective study collecting data from 2000 to
2014 regarding 154 children with moderate to
severe psoriasis showed that acitretin was the
most frequently used therapy (54.4%) and was
mainly used as first-line treatment (76.6%) [28].
The authors also highlighted the favorable
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Table 2 Overview of non-biologic systemic treatments in pediatric psoriasis

Drug Dosage Side effects Laboratory monitoring
Cyclosporine 1.5 to 5 mg/ Renal toxicity, hypertension nausea, Blood count, creatinine, urea,
kg/day diarrhea, myalgias, headache, cholesterol, triglycerides,

electrolyte abnormalities

electrolytes

(hyperkalemia and hypomagnesemia),

hyperlipidemia, hypertrichosis, and

gingival hyperplasia

Gastrointestinal complaints, flushes,

Blood count, liver enzymes

hematological abnormalities

(lymphocytopenia and eosinophilia)

Nausea, vomiting, fatigue, hematological

Blood count, liver enzymes

abnormalities, hepatotoxicity,

pulmonary toxicity

Fumaric acid esters <720 mg/ day

Methotrexate 0.2 to 0.7 mg/
kg/week

Retinoids <0.5 to 1 mg/
kg/day

Cheilitis, xerosis, epistaxis and increase of

serum lipids and hepatic enzymes

Serum lipids and liver enzymes

Radiographs of the spine

Skeletal abnormalities

Teratogenicity

safety profile of systemic treatments in psoriatic
children reporting side effects in only 33.7%
subjects with most of them being benign and
not presenting
duration. Based on this study, acitretin, MTX

influence on treatment
and CsA may be considered as first-line therapy
for childhood psoriasis with an
acceptable efficacy and few adverse effects,
with acitretin seeming efficient on plaque,
pustular and palmoplantar psoriasis, MTX on
plaque and guttate psoriasis, and CsA on
erythrodermic and palmoplantar psoriasis [28].
However, the choice of agent remains a
challenge because of the limited number of
clinical trials and lack of guidelines in this age
other hand,
non-biologic systemic treatments for pediatric

group. On the also other
psoriasis have been described in the literature
even if their use seems to be limited in selected
countries (Germany and The Netherlands for
fumarates and Japan for etretinate). However,
most of the systemic treatments are not

approved to use in children and are used off
label [29]. Therefore, daily practice clinical
decision making can be complicated and
challenging.
Acitretin
Acitretin is a second-generation aromatic
retinoid suitable for children with generalized
flares and pustular psoriasis as intermittent
rescue therapy and in case of pustular,
erythrodermic or severe plaque psoriasis of
older children as long-term therapy [30]. This
drug can also be associated with topicals and
NB-UVB phototherapy [18].
randomized controlled trials exist for this drug
in childhood psoriasis [31]. Oral retinoids are
safe in children, as verified by long-term

However, no

follow-up of patients with keratinization
diseases, but always require monitoring [32].
Treatment dosages should be <0.5 to 1 mg/

kg/day to limit the appearance of toxicity.
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Common adverse events include cheilitis,
xerosis and pruritus, epistaxis and an increase
of serum lipids and hepatic enzymes, which do
not usually lead to treatment discontinuation
[33]. Teratogenicity and bone alterations
represent the most serious adverse events.
Young females of childbearing potential
should not use acitrenin or combine its use
with oral contraceptive therapy, avoiding
pregnancy for 3years after drug withdrawal
[30]. Effects on bone seem to be associated
only with long-term use of high acitretin doses,
radiologic
modifications of the skeletal system and
long-term use of low acitretin doses is still

whereas the link between

unclear [34, 35]. No correlation between skeletal
abnormalities and dose or duration of treatment
has been shown, and no evidence of a link
between hyperostosis or increased risk of
osteoporosis and prolonged retinoid therapy
has been reported [36, 37]. Nevertheless, bone
and spineradiology together with regular
should be
applied in children on long-term retinoid
therapy [12]. Case reports and small case series
showed acitretin use in childhood psoriasis

growth parameter assessment

either as monotherapy or in combination with
corticosteroids, MTX, NB-UVB phototherapy or
PUVA, especially for the treatment of pustular
psoriasis and erythrodermic psoriasis. Although
clinical improvement was generally reported
after 2-3 months of therapy, recurrence of
disease necessitating therapy
appeared to be common. However, overall the

intermittent

use of acitretin was well tolerated, and adverse
effects were minimal [18, 38-46].

Methotrexate
antimetabolite that

Methotrexate is an

modulates the immune system and the

inflammatory processes. Its anti-psoriatic use

dates back to the 1950s, and its prescription for
severe psoriasis is still the most frequent
worldwide [47]. MTX is
systemic treatment of choice for children with
plaque psoriasis  [31].
childhood 1is also
appropriate for PsA, extensive, recalcitrant,

considered the

moderate-to-severe
However, its use in
severe or disabling psoriasis, and
erythrodermic or generalized pustular disease
resistant to topical and phototherapy [12].

In children, MTX advantages include the
efficacy and weekly oral dose (0.2-0.7 mg/kg/
week) [48]. Dose escalations of 1.25-5 mg/week
until the achievement of clinical benefits,
followed by a slow taper to a maintenance
dosage, are advised [12]. However, to date there
is no consensus about the MTX dosing regimen
and treatment duration in pediatric psoriasis

also because the considerable reported
interindividual variability and low
intraindividual variability of its
pharmacokinetics  support a role for
therapeutic monitoring and dose
individualization at the start of

pharmacotherapy [49]. As soon as therapeutic
control has been achieved, it is recommended
to taper the dose to an effective but lower
maintenance dose to reduce side effects [50].
Parenterally administered MTX is only used in
case of therapy or
gastrointestinal side effects [17]. This drug is
associated with many potential side effects,
fatigue,
hematological abnormalities, hepatotoxicity,

unsuccessful  oral

mainly nausea, vomiting,
pulmonary toxicity and drug interactions,
which need clinico-laboratory monitoring [51].
Clinical experience wusually reports minor
short-term side effects with MTX use [31].
However, since the total cumulative dose of
MTX is linked to hepatotoxicity, it should not
be used if children require many years of

systemic therapy [17]. Hepatotoxicity and liver
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fibrosis are much rarer in children than in
adults, and expert opinion suggests that biopsy
is not required unless there is clinical and/or
laboratory evidence of significant abnormality
or cumulative doses exceeding 1.5g [19, 52].
Generally, MTX-associated short- and long-term
side effects are less frequent and severe in
psoriatic children than in adults, probably due
to the Ilow concomitant
medications and comorbidities at the pediatric

age [12]. Folic acid is routinely administered to

frequency of

improve  tolerability  and  decrease the
appearance of nausea, macrocytic anemia,
pancytopenia and hypertransaminasemia even
if the optimal dose and timing of its
administration are still unclear [29, 53-55].
Indeed, some authors prescribe folic acid
2 days after every MTX dose, while others
recommend daily except on the day of MTX
therapy [52]. A recent analysis of a prospective
registry demonstrated the safety and efficacy of
oral and/or subcutaneous MTX in 25 children
with plaque psoriasis [53]. Based on the
available evidence, MTX is considered to be
the systemic treatment of choice in children
with moderate to severe plaque psoriasis and its
variants [56-58]. A recent subset analysis of
prospectively collected data extracted from the
Child-CAPTURE single-center,

longitudinal, long-term, observational daily

registry, a

practice cohort of pediatric psoriasis patients,
showed that MTX presents a positive effect on
the psoriasis area and severity index (PASI)
scores, improves quality of life and has a
reasonable safety profile [57]. Particularly, a
maximum dose of MTX between 0.14 and
0.63 mg/kg once weekly was prescribed in 25
children with PASI75 being achieved in 4.3%
and 33.3% of patients at week 12 and 24, as well
as 40% and 28.6% at week 36 and 48,
respectively. Treatment also led to a significant
decrease in the Children’s Dermatology Life

Quality Index (from 9.0 to 3.8 at week 24)
without severe adverse events [most reported
adverse events were severe nausea (20%),
infections requiring antibiotics (20%) and
tiredness (16%)] [57]. There are also several
case reports and small case series demonstrating
the benefits of MTX in the treatment of
recalcitrant plaque psoriasis,
psoriasis,  pustular
palmoplantar psoriasis in children as young as
2 years of age [S5, 59-66]. Significant clinical

erythrodermic

psoriasis and severe

improvement was noted after as little as 5 weeks
of therapy, and clinical
reported that ranged
1.5 months to 3 years. Nausea and vomiting

remissions were
in duration from

were commonly reported adverse effects, and
transient elevations in liver enzymes were also
seen.

Cyclosporine

Cyclosporine is an immunosuppressant that
inhibits IL-2 and the
lymphocytes. The FDA approved its use in
adults  with
psoriasis and in

function of T
immunocompetent severe,
recalcitrant
transplant patients with more than 6 months
of age [12]. However, this drug is also useful in

pediatric

severe  psoriasis, including pustular and
erythrodermic variants of the disease, in case
of ineffective previous treatment and in
short-term crisis management [67-69]. Indeed,
case series and reports support the use of CsA in
the treatment of recalcitrant plaque and
pustular juvenile psoriasis at doses of
1.5-5 mg/kg/day for 6 weeks-2 years [67-71].
CsA effectscan be clinically observed in
4-8 weeks so that it is considered the ideal
drug for the control of unstable disease because
of its rapid onset of action [11]. With the aim of
increasing efficacy and decreasing toxicity, the

drug can be associated with topical and other
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systemic treatments [72]. The CsA dose, which
from 3 to 5.0mg/kg/day,
influences the rate of improvement and
should be progressively
lowest one needed to control disease [69]. CsA
pharmacokinetic
between children and adults: in children oral

usually ranges

tapered to the

may present differences
absorption may be lower, clearance is more
rapid, and volume distribution at a steady state
is greater [71]. Therefore, cases of childhood
psoriasis may require higher dosages of CsA, or
doses should be administered three times per
day [71]. In general, treatment duration should
not exceed 12 months, and close monitoring of
renal function is mandatory. Indeed, the risk of
renal toxicity, hypertension and
CsA use; thus,

laboratory and blood pressure monitoring

immunosuppression  limits
before and during treatment is essential [73].
Other adverse events include nausea, diarrhea,
myalgias, headache, electrolyte abnormalities
(hyperkalemia and hypomagnesemia),
hyperlipidemia, hypertrichosis and gingival
hyperplasia. A matter of concern, also in
children, is the risk of malignancies, in
particular skin cancer and lymphoproliferative
diseases; however, this risk seems to be
<5 mg/kg/day and
avoiding the association of CsA with other
immunosuppressive treatments [74]. Indeed,

negligible wusing doses

although CsA can be combined with several
topical or systemic agents (acitretin), in order to
reduce the total dose and duration of the two
combined agents [19], the association with
NB-UVB is usually avoided because of the
potential long-term risk of developing
nonmelanoma skin cancer [52]. Several case
reports and small cases series attesting to the use
of CsA,
combination  with

either as monotherapy or in
topical
corticosteroids, in the treatment of pediatric

pustular

therapy or

psoriasis, erythrodermic psoriasis,

recalcitrant plaque psoriasis and palmoplantar
psoriasis in children as young as 11 months of
age have been published in the literature with
clinical improvement typically noticed after
2-3 months of therapy [39, 67-71, 75, 76].
Recently, a case series of 22 patients of
childhood psoriasis treated with CsA was
performed through a retrospective analysis of
patient records from 2000 to 2009 at the
Department of Dermatology and Venereology
of the University School of Medicine, Bursa,
Turkey [77]. The mean therapeutic dosage of
CsA was 3.47 £ 0.62 mg/kg/day with a mean
duration of 5.68 £ 3.29 months.
Seventeen of 22 patients (77.3%) were found

treatment

to be excellent responders presenting with a
median time to total clearance of the lesions of
4.0weeks [77]. Moreover, a recent Italian
multicenter retrospective analysis of 38
psoriatic children showed CsA to be an
treatment.

effective and well-tolerated

Particularly, they reported a median
maintenance dosage per day of 3.2 mg/kg and
achievement of an improvement from baseline
of >75% in PASI at week 16 by 15/38 patients
(39.4%). On the other hand, 8/38 patients
(21.05%) discontinued the treatment because
of laboratory anomalies or adverse events so
that the authors drew the conclusion that
cyclosporine, when carefully monitored, may
represent a therapeutic alternative to the
currently used systemic immunosuppressive

agents for severe childhood psoriasis [78].

Etretinate

Etretinate is an aromatic retinoic acid derivative
like acitretin, which is its free acid. Etretinate
acts by inhibiting hyperkeratinization and cell
differentiation. Nowadays, etretinate use is
generally replaced by acitretin since the latter
shows a more favorable pharmacokinetic profile
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due to its shorter elimination half-life with
respect to etretinate. Indeed, etretinate presents
a deep storage compartment with a very
half-life with
detectable drug plasma levels for at least

extended elimination
3-4 months after discontinuation of treatment
[79]. Therefore, the choice of using etretinate
rather than acitretin is uncommon and usually
characterizes Asian countries (Japan above all)
where acitretin use is
by health insurances [80].
Etretinate wuse 1is described in about 14
pediatric patients with pustular psoriasis.
Dosage ranged from 0.25 to 1.5 mg/kg/day,
showing remarkable or excellent improvement
in most cases [43, 80-84]. Side effects included
xerosis, skin fragility and transient elevations of
liver enzymes,

not approved or
reimbursable

lactic dehydrogenase, and
cholesterol and triglyceride levels. Apart from
teratogenicity, for which reason it should be not
used in young females of childbearing
potential, the major problem in treating
children with etretinate is the risk of skeletal
toxicity; therefore, radiographs of the spine and
bone age should be periodically monitored as in

the case of acitretin, given their similarities [85].

Fumaric Acid Esters

Fumaric acid esters (FAEs) are small molecules
with a broad range of immunomodulatory effects
[86]. FAE use was recently described in 14 pediatric
patients with plaque psoriasis. Mean treatment
duration was 48.6 weeks with daily doses varying
between 180 and 1200 mg,
improvements in 64.3% of subjects. Most
common adverse events were gastrointestinal
complaints (92.9%) and flushes (71.4%) followed
by lymphocytopenia (45.5%) and eosinophilia

showing

(36.4%), being usually mild and transient [87].
Similar effectiveness and safety results were also
previously shown by Balak et al. in a cohort of 14

pediatric
retrospectively [88]. Moreover, data obtained by
a study analyzing 127 childhood or adolescence

psoriasis patients analyzed

psoriatic subjects suggests that long-term FAE
therapy may be effective and safe showing also
that the dosage recommended for adults is
essentially effective for children and adolescents
and similarly well tolerated [89]. FAEs are
considered a valuable alternative option in
pediatric psoriatic patients
treatment is needed, especially in Dutch and

when systemic
German countries where it is usually used [90].
Indeed, FAEs are a recommended first-line therapy
in the German S3 guideline for the treatment of
adult psoriasis, but its use still remains an off-label
treatment in this age group [91].

BIOLOGIC DRUGS

Biologic drugs are a novel class of
pharmacological agents engineered to target
specific mediators of inflammation. During the
past several years, randomized
controlled studies have confirmed the efficacy

of targeted therapy with tumor necrosis factor

multiple

(TNF)-a antagonists (etanercept, infliximab and

adalimumab) or interleukin  (IL)12/IL23
pathway inhibitor (ustekinumab) for the
treatment of severe and/or recalcitrant

psoriasis and PsA in adults [92]. Nevertheless,
evidence supporting the role of biologic agents
in the treatment of pediatric psoriasis is lacking.
Indeed, the exact role of biologics in the
treatment of remains
undefined but is evolving. Biologics are an

attractive option for use in children in part

pediatric  psoriasis

because they offer more convenient dosing
regimens and less
monitoring than other systemic agents. Future
research is needed to determine the efficacy,

frequent laboratory

pediatric dosing and long-term safety of these
agents (Table 3).
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Table 3 Overview of biologic treatments in pediatric psoriasis

Drug Dosage

Side effects

Laboratory monitoring

0.8 mg/kg/week or 0.4 mg/kg

twice weekly

Etanercept

Increased risk of infection,

injection-site reaction, anaphylaxis,

Blood count, liver enzymes,

PPD test annually

development of anti-nuclear

antibodies, lupus-like syndrome,

pancytopenia

3-5 mg/kg at weeks 0, 2 and 6

then every 8 weeks

Infliximab

hypersensitivity reaction, anaphylaxis,

development of anti-nuclear

Increased risk of infection, acute

infusion reaction, delayed

Blood count, liver enzymes
more frequently than
with other TNE-blockers,
PPD test annually

antibodies, lupus-like syndrome,

pancytopenia

New onset or exacerbation of

demyelinating disorder

Adalimumab 0.8 mg/kg (up to maximum 40 mg Increased risk of infection,

in total) at week 0 and 1 and
then every 2 weeks

injection-site reaction, anaphylaxis,

Blood count, liver enzymes,

PPD test annually

development of anti-nuclear

antibodies, lupus-like syndrome,

pancytopenia

New onset or exacerbation of

demyelinating disorder

Ustekinumab  0.750 mg/kg (for patients <60 kg; No specific adverse effects reported in

otherwise same dosage for
adults) at week 0 and 4 then
every 12 weeks

clinical trials

Blood count, liver enzymes,

PPD test annually

Etanercept

Etanercept has the majority of literature papers
recommending its use for childhood psoriasis
[93-95]. It is a soluble tumor necrosis factor
receptor fusion protein that reversibly binds to
tumor necrosis factor, administered twice
weekly by subcutaneous injection. In children,
it has been FDA approved only for the
treatment of juvenile idiopathic arthritis (JIA)
[96], although, in 2009, the

Commission approved it for the treatment of

European

children =>6years old with chronic severe
plaque psoriasis intolerant or resistant to
non-biologic systemic therapies, also including

phototherapy [97]. The best data for its efficacy
and safety in pediatric psoriasis come from a
randomized, double-blind phase III clinical trial
in which 211 pediatric patients aged 4-16 years
with moderate to severe plaque psoriasis were
treated with etanercept (0.8 mg/kg/week) over
48 weeks. No  opportunistic
(including tuberculosis),
diseases, tumors or deaths were found [94].
Moreover, an open-label extension period of
this study confirmed its efficacy and safety by
evaluating 69 patients who remained in the
study for up to 264 weeks, achieving the clear/
almost clear status [98]. Upper respiratory tract

infections
demyelinating

infections, pharyngitis, injection site reactions
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and headaches were the most frequent adverse
events that occurred during this extension
period, and no new safety concerns were
observed with long-term treatment in this
patients population [98]. These data were
confirmed by Beikert et al. in eight children
with severe psoriasis who failed to respond to
other therapy: within 12 weeks, six patients
reached a PASI reduction of 75%. Two patients
stopped use at

ineffectiveness [99].

week 12  because of
Conflicting data are
reported in the literature on the efficacy of
etanercept in  erythrodermic
Campione et al. reported the inefficiency of
etanercept in severe erythrodermic psoriasis in
twins [100]. After
off-label  treatment
because of their young age, etanercept was
dosage of 0.8mg/kg
subcutaneously, once a week. It was then
stopped for ineffective results, after a total of
ten injections [100]. Frega et al., however,

psoriasis.

3-year-old Caucasian
informed consent as

started at a

reported the case of a 7-year-old patient
suffering  from
refractory to cyclosporine and methotrexate,
responsive to etanercept [101].

erythrodermic  psoriasis

Infliximab

Infliximab is a chimeric monoclonal antibody

that acts by targeting
membrane-bound TNFa. It is the only

soluble and

TNFa-inhibitor administered by infusion, and
it has been FDA approved for the treatment of
Crohn’s disease in children aged 6 years and
older [102, 103]. Based on experience from its
administration in adult psoriatic patients,
infliximab is associated with a higher risk of
infections, tuberculosis reactivation, infusion
reactions and congestive heart failure than
other TNFa inhibitors, and caution is required
with regard to the risk of hepatotoxicity [19].

Data evaluating infliximab use in pediatric
psoriasis are lacking. However, sporadic case
reports have demonstrated its efficacy for the
treatment of recalcitrant, generalized pustular
or erythrodermic psoriasis in children after an
initial treatment failure with methotrexate,
cyclosporine and oral retinoids [37, 104].
Interestingly, only one case reported the
successful use of infliximab, in a 9-year-old
with generalized pustular
psoriasis, as first-line therapy. The patient

Caucasian  girl

received two infliximab infusions (5 mg/kg)
respectively on day 3 and 17 of admission
with a rapid clinical improvement of the
disease. Infliximab was well tolerated, and no
[105].
Skrabl-Baumgartner et al., however, reported a
case of childhood generalized pustular psoriasis

adverse events were registered

responding to infliximab in combination with
methotrexate [106].

Adalimumab

Adalimumab is a monoclonal antibody against
TNFa. In 2008, the FDA approved adalimumab
only for the treatment of children >6 years old
with ulcerative colitis and Crohn’s disease, and
the EU granted the marketing authorization for
the treatment of juvenile idiopathic arthritis in
pediatric patients aged 2 years and older [107].
Nevertheless, evaluating the
long-term safety of adalimumab for the

several trials

treatment of Crohn’s disease, ulcerative colitis
and uveitis in pediatric patients have been
published (108, 109]. Uncomplicated
infections and pain reaction of the injection
site have been reported as the most common
Published
adalimumab used in juvenile psoriasis is

adverse events. evidence of
limited to three case reports in which two
pediatric patients with pustular psoriasis,

resistant to etanercept and other systemic
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drugs, were treated  with
adalimumab, at a dose of 40 mg every 2 weeks,
while a 9-year-old girl, with a history of

successfully

acrodermatitis  continua of  Hallopeau,
achieved complete resolution after 8 weeks of
[110-112].

Recently, adalimumab was granted marketing

treatment with adalimumab
authorization in the EU for severe chronic
plaque psoriasis in children aged 4 years and
older who have had inadequate response to
topical treatments and phototherapy [113].

Ustekinumab

Ustekinumab is a humanized monoclonal
antibody that acts by binding the p40 protein
shared by the IL-12 and IL-23
inflammatory cytokines. Data on the use of
ustekinumab for the treatment of pediatric
patients are limited. In the literature, there are

subunit

only three cases of pediatric patients affected by
severe plaque psoriasis successfully treated with
ustekinumab [114-116]. However, the efficacy
and safety of this treatment have recently been
evaluated in a multicenter,
double-blind placebo-controlled trial
(CADMUS study) in which 110 adolescent
patients (aged 12-17 years) were enrolled.
Respectively, 78.4% and 80.6% of adolescents
receiving half-standard dosage (0.375 mg/kg)
and standard dosage (0.750 mg/kg) achieved
PASI75 at 12 weeks as compared with 10.8% of
participants receiving placebo [117].

randomized,

EMERGING THERAPEUTIC OPTIONS
IN THE TREATMENT OF PSORIASIS

The European Medicines Agency’s Committee
for Medicinal Products for Human Use (CHMP)
has recommended marketing authorization for
two drugs for adult psoriasis: secukinumab and

apremilast [118, 119]. Secukinumab is a fully
human monoclonal antibody that inhibits
interleukin 17A. It was recommended for
severe plaque
psoriasis in adults who are candidates for
therapy. It is administered by
subcutaneous injection [120]. Apremilast, an

treatment of moderate to

systemic

inhibitor of phosphodiesterase 4, is indicated
for the treatment of adult patients with active
psoriatic arthritis or with moderate to severe
plaque psoriasis who are candidates for
phototherapy or systemic therapy [121]. It is
administered orally. There are no case reports
or any other studies in the literature
investigating the use of these new drugs in

pediatric patients.

CONCLUSION

Psoriasis is
disease, which is quite common in children.
It begins in childhood in almost one-third of
the cases, and it is increasing in prevalence and

a chronic inflammatory skin

incidence. Therefore, clinicians must maintain
a clinical suspicion for the diagnosis of
psoriasis at all ages. Even if both topical and
systemic therapies are available, pediatric
psoriasis treatment may often be challenging
mainly because of the absence of standardized
guidelines and the very limited evidence-based
controlled trials.

data from randomized

Particularly, the evidence on
treatment efficacy and safety is still limited,
and long-term data in pediatric patients are
lacking so that physicians usually have to rely
on published experience from case reports and
case series also from other pediatric conditions

coming from the disciplines of rheumatology,

systemic

gastroenterology and oncology. Hence, in
everyday practice, clinicians must follow a
general approach maximizing the benefit-risk
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ratio (Table 1): the therapeutic choice should
be done on a case-by-case basis, with strong
consideration of the effect of the disease on
the patient and family. Indubitably, more
prospective studies and multicenter,
international registries are needed to evaluate
systemic therapies in pediatric psoriasis to
develop international guidelines on pediatric

psoriasis treatment.
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