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Abstract: Psoriasis is a chronic inflammatory skin disease that affects up to 1.2% of
children and adolescents. The treatment options for childhood psoriasis are often based on
the same principles as in adults. However, most data on safety and efficacy derive from adult
studies, and only a few of the frequently used treatments have achieved approval for use in
children. The aim of this study was to review the current literature on off-label treatments for
psoriasis in children and adolescents. We searched PubMed and identified 50 studies on off-
label treatments. Of these, 23 studies were clinical trials (four randomized). There are only
a small number of available studies on oft-label treatments for children and adolescents with
psoriasis, and many of these are retrospective reviews with few participants. Despite the
current lack of studies, we still recommend the use of unapproved treatments since we have
clinical experience with treatments such as topical corticosteroids, vitamin D analogs, and
methotrexate that have shown promising effects. Regular clinical trials are needed to
investigate the safety and efficacy of unapproved treatments. Due to The Pediatric
Investigation Plans issued by The European Union, new drugs developed by pharmaceutical
companies are required to undergo clinical trials in a pediatric population to get their
application for marketing authorization processed. This will hopefully lead to much more
data on the efficacy and safety of the new treatments, including treatments for children and
adolescents with psoriasis.
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Introduction
Psoriasis is a chronic inflammatory skin disease affecting between 0.5% and 1.2%
of all children and adolescents.' > The treatment of pediatric psoriasis is in many
ways based on the same principles as in adults. While the treatments are registered
for adults, this may not be the case for their pediatric counterparts. Limited by lack
of data and standardized approaches, clinicians usually base treatment decisions on
guidelines for psoriasis in adults, case series, expert opinions, or experience of drug
safety and efficacy acquired in clinical trials investigating other pediatric disorders.
Off-label treatments are therefore widely used, and the treatment of psoriasis in
children and adolescents remains a challenge. The purpose of this study is to review
the current literature for all conducted studies regarding off-label treatments used
for pediatric psoriasis.

Psoriasis in Children and Adolescents
Psoriasis is a chronic inflammatory skin disease affecting 2-3% of the Western
adult population with an equal distribution between men and women.* Disease

submit your manuscript

Dove n

http:

" in @

Psoriasis: Targets and Therapy 2021:11 1-20 |
© 2021 Haulrig et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5506-1319
http://orcid.org/0000-0002-4784-9680
mailto:Morten.bahrt.haulrig@regionh.dk
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Haulrig et al

Dove

onset is bimodal with peaks around 16-22 years and
57-60 years. Approximately one third of patients have
already had disease onset before turning age 16 with
a mean age of 8—11.>"7 Though occurring less frequently
than in adults, psoriasis in children and adolescents affects
approximately 0.5-1.2%, and the prevalence linearly
increases from 0.1% at age 1 to 1.2% at age 18."*

The pathogenesis of psoriasis is complex and is
caused by an interaction between the skin and the
immune system, as well as genetic and environmental
factors. On a cellular level, it is a T-cell mediated inflam-
matory disease characterized by keratinocyte hyperproli-
feration, vascular endothelial proliferation, as well as
infiltration of the
epidermis,” where Th17 cells and the cytokines interleu-
kin (IL) —17 and IL-23 are especially involved.'”
According to twin studies, the risk of developing psor-

inflammatory cell dermis and

iasis is caused by genetic factors in up to 70% of the
cases.'' There is an increased occurrence of psoriasis in
first- and second-degree relatives to patients with psor-
iasis compared to the background population. The rate of
concordance is increased eight-fold in monozygotic
twins and four-fold in dizygotic twins.'? Currently, at
least 80 chromosomal loci that are significantly tied to
psoriasis have been discovered, and some loci of these
are particularly linked to the onset of psoriasis in
childhood."> "

Several environmental factors are known for triggering
de novo psoriasis and escalate already existing disease. The
most important factors in children are mental stress, physical
trauma (known as Kdbner phenomenon), and upper respira-
tory tract infection caused by streptococci.'®'®

In many cases, psoriasis in children is a straightforward
clinical diagnosis. Compared to adults, however, pediatric
psoriasis may be more difficult to diagnose due to a milder
disease course with smaller and thinner plaques that are
less scaling. The manifestations in children and adoles-
cents may be atypical, and thus, distinguishing psoriasis
from other diseases such as atopic dermatitis, seborrheic
dermatitis, and fungal infections can be complicated.'” "’
No validated consensus-based diagnostic criteria for psor-
iasis have been approved, which makes the diagnosis
difficult.®® The Psoriasis Area and Severity Index (PASI)
is a clinical tool for appraising disease severity in plaque
psoriasis and is commonly used in clinical trials with
children also. This system is developed for adults, and
thus, has its limitations in young children, particularly

since body proportions in this patient group are quite
different compared to adults.?'

Psoriasis in children and adolescents can be divided into
several different manifestations depending on the type of
lesion and sites involved. Psoriasis vulgaris (plaque psoria-
sis) is the most common manifestation, affecting 34—71% of
children and adolescents with psoriasis.”? Guttate psoriasis
affects 6-26% of children, which is more frequent compared
to adults.">** Guttate psoriasis is often triggered by an
infection in the upper respiratory tract caused by strepto-
cocci, and approximately one third of these patients are at
higher risk of developing plaque psoriasis later in life.'%!®
Other clinical manifestations include diaper psoriasis, which
affects up to 13%, whereas inverse psoriasis, pustular psor-
iasis, and nail psoriasis each affect roughly 0.5-3.6% of
children and adolescents with psoriasis.>'®** Psoriasis
affecting the entire body surface is potentially life-
threatening and is termed erythroderma, which can be
caused by any form of psoriasis.'® In children, the face and
scalp are the most frequently involved areas, followed by the
groin, trunk, and extensor areas on knees and elbows.>>16-22

The risk of developing comorbidities in pediatric psor-
iasis is up to twice as great when compared to healthy
children.” These comorbidities include somatic diseases
such as hyperlipidemia, overweight, hypertension, diabetes
mellitus, polycystic ovary syndrome, nonalcoholic fatty liver
disease, rheumatoid arthritis, and Crohn’s disease.?***

There is also an increased risk of developing mental
diseases such as depression and anxiety.”>~° Juvenile psor-
iatic arthritis appears in approximately 3% of children with
psoriasis, which is less frequent compared to 22% of
European adults.”® Some studies have found an association
between pediatric psoriasis and prenatal tobacco exposure,
which suggests smoking during pregnancy might play
a role in the development of psoriasis.?’

Psoriasis has a negative effect on the quality of life in
both children and adults, comparable to that of cancer, heart
disease, and depression. Pediatric psoriasis is particularly
associated with increased social stigma in the form of bully-
ing and shaming. Observation of life quality is difficult since
no specific measuring tool for quality of life in patients with

psoriasis and especially children exist at this stage.”®>°

Treatment of Psoriasis in Children and

Adolescents
Currently, topical treatments such as topical corticoster-
oids, vitamin D analogs and a fixed combination of these
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treatments are considered first-line treatments for mild to
moderate localized psoriasis.'®!”*! These treatments are
followed by systemic nonbiological treatment based on
disease severity, lack of response to topical treatment,
speed of disease progression, and presence of comorbid-
ities such as psoriasis arthritis as part of a regular treat-
ment strategy.’'=? The most commonly used systemic
nonbiological treatments are methotrexate (MTX) fol-
lowed by cyclosporine. MTX is considered the first-line
option for moderate to severe plaque psoriasis in
children.**** Only if the treatment response to nonbiolo-
gical systemic therapy is absent, contraindicated, or not
tolerated, may approved biological medicine be
considered.*?

The latest guidelines from The Joint American
Academy of Dermatology and The National Psoriasis
Foundation (AAD-NPF) and The German Society of
Dermatology (DDG) for psoriasis in children and ado-
lescents provide largely similar treatment strategies,
based on the type

severity.”''*? Certain treatments differ in approval

of psoriasis and disease
status, which are provided by The US Food and Drug
Administration (FDA) and The European Medicines
Agency (EMA), and as a result, some treatments are
considered off-label in North America while they are
approved in Europe. Table 1 shows the current treat-
ment strategies for pediatric psoriasis and their
approval status according to the FDA and EMA.
Clear information regarding approval status is not pro-
vided for all treatments, which includes treatments
such as phototherapy and coal tar. These treatments
have traditionally been used for psoriasis but only
have limited supporting evidence concerning safety
and efficacy in children.’’ Other treatments such as
topical calcineurin inhibitors are approved for atopic
dermatitis in children, whereas MTX is approved for
polyarticular juvenile idiopathic arthritis. Since the
efficacy and safety of these treatments have not been
investigated specifically for psoriasis in children and
adolescents, neither topical calcineurin inhibitors or
MTX are approved by FDA or EMA for use in this
patient group.”' Off-label treatments are generally used
in situations where studies conclude a greater clinical
advantage or higher chance of achieving a treatment
goal compared to approved treatments. Intentional use
of treatments outside their approved indication, age
group, or dosage is generally acceptable among clin-
icians and is performed due to cases of severe disease

where no other approved treatments are considered
effective, or no evidence is otherwise available. At all
times the clinician is required to inform the patient and
the parents if an initiated treatment is off-label.
According to The Pediatric Investigation Plans
issued by The European Union (EU), new drugs devel-
oped by pharmaceutical companies are required to
undergo clinical trials in a pediatric population to get
their
processed.®> Subsequently, there has been an increase

application  for  marketing  authorization
in treatments that are being tested and approved for
pediatric psoriasis, predominantly biological treat-
ments. Even so, the EU regulations do not require the
traditionally used treatments to undergo clinical trials
in children, and the pharmaceutical companies have
limited financial gain in testing the traditional
treatments.

All treatments should ideally be used for their indicated
purpose based on research investigating the efficacy and
safety. However, we often use off-label treatments with
success, as the following two cases demonstrate. After
presenting the cases, we will go through the available
data on off-label treatments for psoriasis in children and

adolescents.

Cases from a Clinical Practice

We present two cases from our clinic to emphasize that
off-label treatments can be useful in the treatment of
children and adolescents with psoriasis.

Case |

A 9-year-old boy presented with multiple small, hyper-
keratotic elements primarily located on the trunk and
scalp. The elements measured approximately 2 cm in
diameter and were scaly and the patient complained of
itching. The elements had started four months earlier
and there was no family history of psoriasis. The
patient was overweight but otherwise healthy. Prior to
the visit to our clinic, the patient had been treated with
a combination of topical betamethasone dipropionate
and salicylic acid for the scalp once daily for three
weeks without effect. Upon clinical examination,
a positive Kobner phenomenon was observed when
scratching on the patient’s back. On suspicion of
a mixed plaque and guttate psoriasis, treatment with
coal tar ointment three times weekly for the scalp and
topical corticosteroid creme (group III according to
The World Health Organization (WHO) classification)
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Table | Treatment Approval Status for Psoriasis in Children and Adolescents According to Medical Agency

Treatment

EMA Approval Status

FDA Approval Status

Topical treatments

Topical corticosteroids

Topical calcineurin inhibitor Not approved
Topical retinoids Not approved
Vitamin-D analogs Not approved
Vitamin-D analogs + betamethasone dipropionate

Anthralin

Not approved

Coal tar/Goeckerman therapy
Phototherapy

Group Il from 3 months. Group lll traditionally used

Traditionally used
Traditionally used
Traditionally used

Traditionally used
Not approved
Not approved
Not approved
>12 years
Traditionally used
Traditionally used
Traditionally used

Systemic treatments

Methotrexate Not approved

Retinoids Not approved
Cyclosporin Not approved
Fumaric acid esters Not approved

Apremilast Not approved

Not approved
Not approved
Not approved
Not approved
Not approved

Biological treatments

Adalimumab >4 years
Secukinumab >6 years
Ixekizumab >6 years
Etanercept >6 years
Ustekinumab >6 years

Not approved
Not approved
>6 years
>4 years

>|2 years

Abbreviations: EMA, The European Medicines Agency; FDA, The US Food and Drug Administration.

for the body was initiated. Since there was no effect
after three weeks, the treatment was stopped, and
instead, Narrow-band (NB)-UVB (NB-UVB) photo-
therapy was started three times weekly. After 15 treat-
ments, there was no effect. Consequently, treatment
was changed to MTX 0.2 mg/kg and folic acid S5mg
once weekly. Two months after MTX treatment was
started, there was no effect on the disease severity of
psoriasis (see Figure 1) and dosage was increased to
0.26 mg/kg. The patient had no adverse events and
After another three
months, the psoriasis had completely cleared, and the

liver enzymes were normal.

patient still had clearance after two years. At 12 years,
the MTX dose was increased since the patient had
grown and gained more weight. At the latest follow-
up in our clinic, the patient had almost clearance
except for mild scalp psoriasis.

Case 2

A 4-year-old boy presented with thick, scaly plaques on
the trunk, and to a lesser degree, on the upper and lower
extremities (see Figure 2). The plaques were itching and
had debuted four months earlier after an infection with

varicella virus. The patient was otherwise healthy and had
two aunts with a history of psoriasis. A throat swab
had revealed group A Streptococcus for which the patient
had been treated with penicillin. Topical corticosteroid
cream (group II, WHO classification) had previously
been applied once daily for five months with no effect.
We suspected plaque psoriasis and initiated treatment with
a fixed combination of vitamin D analogs and betametha-
sone propionate foam once daily for the trunk and extre-
mities, while the patient continued group II topical
corticosteroid for the face and neck. The patient initially
had complete clearance of psoriatic plaques after one
month, but relapse was seen after three months.
Treatment with topical corticosteroid was replaced with
basic skincare containing 10% coal tar once daily for the
entire body, but had no effect. Six months after the first
visit, treatment with oral MTX 0.3 mg/kg and folic acid
5 mg once weekly was initiated. Due to a lack of response
two months after, the MTX dosage was increased to
0.4 mg/kg weekly. No adverse events were reported, and
blood analysis revealed normal liver enzymes. The patient
gradually responded to this treatment at follow-up after
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Figure 2 Plaque psoriasis on the back of a 4-year-old boy.

four months but still had residual plaques. The patient is
still being treated with MTX, and a combination of vita-
min D analogs, while betamethasone dipropionate gel is
used for flares.

Literature Search on off-Label Treatments
for Children and Adolescents with

Psoriasis

We conducted a literature search in PubMed up to
25 November, 2020, to identify all retrospective and pro-
spective studies on treatments used for psoriasis that were
either traditionally used or approved for use in adults but
not approved by either FDA or EMA for use in children
and adolescents. Studies on combinations of therapies
were not included except for topical corticosteroids in
a fixed combination with vitamin D analogs. We searched
on the following treatments: “topical corticosteroid”,
“tacrolimus OR pimecrolimus OR TCI OR topical calci-
neurin inhibitors”, “tazarotene OR topical retinoid”,
“anthralin OR dithranol OR Ingram regimen”, “vitamin

EEENT3

D analogues”,

99 G

coal tar OR Goeckerman therapy”, “photo-
therapy”, “methotrexate OR MTX”, “acitretin OR etreti-
nate OR

cyclosporin”, “fumaric acid esters”,

systemic  retinoids”, “ciclosporin OR
apremilast OR phos-
phodiesterase 4 inhibitor OR otezla” and “adalimumab OR
humira”. We also searched on several other treatments that
did not give any results. For a full list of the treatments we
searched on, see Table 2.

The following terms were used for our search on
PubMed: (Psoriasis) AND (Clinical Trial OR Prospective
Study OR Case Series) AND (Children OR Pediatric OR
Infants OR Childhood) AND (Name of treatment). We
also included all available guidelines published after
2010 using the free-text term “Guideline” followed by
the following keywords: (Psoriasis) AND (Children OR
Pediatric OR Infants OR Childhood). Review articles and
articles cited in original papers allowed us to identify
additional studies. Articles that did not report on the effi-
cacy of treatments were excluded. We excluded case
reports but included case series. We excluded articles
written in languages other than English and articles that
were not fully available to read. An inadequate study
design was not an exclusion criterion.

A total of 50 studies were included in this review. Nine
studies were case series, 17 were retrospective reviews, 1
was a retrospective cohort study, and 23 were clinical
trials, of which four were randomized. The studies were
sorted into groups as follows: (1) Topical treatments, (2)
coal tar/Goeckerman therapy, (3) phototherapy, and (4)
systemic therapy. Four studies referred to more than one
off-label treatment and were thus included in more groups.

Psoriasis: Targets and Therapy 2021:11
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See Figure 3 for the amount of included studies in each
group.

Topical Treatments

Topical Corticosteroids

Two studies (20 patients aged 5 to 18 years) reported on
the efficacy of topical corticosteroids in plaque
psoriasis.>®*” Both studies were clinical trials in which
the patients applied a group IV corticosteroid (WHO clas-
sification) two times daily for two weeks. Kimball et al*
randomized patients with both atopic dermatitis and psor-
iasis (a total of nine patients with psoriasis) into two
groups. Group A applied a total of 50 g clobetasol weekly,
while group B applied vehicle foam. Efficacy was mea-
sured with the Investigator’s Static Global Assessment
(ISGA). Twenty-five percent of the patients in the clobe-
tasol group had clear or almost clear psoriasis compared to
0% in the wvehicle group. The authors also found
a reversible hypothalamic—pituitary—adrenal axis suppres-
sion in 47% of the patients with atopic dermatitis aged 6 to
12 years and in 0% of the patients aged 12 and 18 years.
Since younger patients aged 0 to 6 years have a relatively
higher body surface area to weight ratio compared to
adolescents and adults, they have an increased risk of
developing systemic side effects when using topical
corticosteroids.>’ In the clinical trial by Herz et al®’
(Table 2), a total of 40 g halobetasol was applied weekly.
10/11 (90.9%) patients had either a marked improvement
or clearing of disease when assessed with the Physician’s
Global Assessment Scale (PGA). Though both studies
were clinical trials, they each only had few participants.
The randomized clinical trial by Kimball et al*® included
a total of 497 patients. However, only a fraction of the
included patients were children and adolescents with psor-
iasis, and only one child with psoriasis was randomized to
apply vehicle foam. Overall, there were very few studies
on topical corticosteroids. This scarcity does not corre-
spond with the frequent use of topical corticosteroids

experienced in clinical practice.®’

Topical Calcineurin Inhibitors

Two studies (24 patients aged 22 months to 16 years)
examined the effect of the topical calcineurin inhibitor
tacrolimus.***° In both studies, tacrolimus 0.1% was
applied two times daily for psoriasis in the face and the
intertriginous areas. In the clinical trial by Brune et al*®
only patients who had discontinued all psoriasis treatment
at least two weeks prior to study start were eligible for

inclusion. The clinical evaluation was assessed with
a modified version of the PGA. The authors reported
a significant decrease in the severity of erythema, infiltra-
tion, and desquamation, as well as the overall severity
score. By day 30, 12% of patients had completely cleared
and the remaining 88% achieved excellent improvement.
One patient discontinued due to treatment-related pruritus.
Steele et al*’ performed a retrospective review in which
treatment response was assessed by clinicians on follow-
up visits with a nonspecified assessment score; 92% of the
patients had clearance after two weeks. One patient
0.03%
Concurrent application of other topical treatments was

applied tacrolimus and had no response.
allowed. Overall, only two studies using tacrolimus were
available and both included few patients; nevertheless,
tacrolimus demonstrated efficacy, and few adverse events

were reported.

Anthralin

The effect of anthralin was investigated in two studies (94
patients aged 3 to 17 years), in which patients with plaque
psoriasis were treated with dithranol cream once daily in
increasing doses and for longer periods.***' In the clinical
trial by Oostveen et al*® PASI was reduced by 69%, and
concurrent treatment with any psoriasis treatment was an
exclusion criterion. The patients could choose between fol-
low-up with regular day care or day care with telemedicine.
There was no significant difference in PASI reduction when
comparing the two groups. In the retrospective review by
De Jager et al*' 73% of the patients achieved “almost
clearance” or “clearance” of their psoriatic plaques. Skin
irritation was reported in 63% of the patients. Efficacy was
not measured objectively with a severity baseline and
a specific rating score. However, the authors claimed effi-
cacy was standardized since all the included patients had
moderate to severe psoriasis. A treatment episode lasted up
to nine days and was stopped if clearance or near clearance
was achieved or if there was no effect of treatment. After an
episode of anthralin was finished, patients were allowed to
apply topical corticosteroids or vitamin D analogs for the
remaining plaques. When summarizing treatment efficacy
in both studies, anthralin had predominantly moderate to
good effect. Both studies had only a few patients and many
experienced skin irritation.

Vitamin D Analogs
Four studies (165 patients aged 2 to 17 years) examined
the efficacy of vitamin D analogs in patients with
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primarily plaque psoriasis.**** Oranje et al** performed
a double-blind, randomized clinical trial in which 77
patients were divided into two groups receiving either
calcipotriol or vehicle ointment two times daily.
Concurrent treatment was an exclusion criterion. Though
PASI reduction was higher in the group treated with calci-
potriol (52% compared to 37.1% in the vehicle group), it
was not significant (p <0.14). There was an insignificant
decrease in the thickness of scales (p <0.075); however,
there was a significant decrease in redness (p <0.037) and
scaliness (p <0.018). Treatment compliance was low and
only seen in 42% of the patients who applied calcipotriol
and in 52.9% of the patients who applied vehicle ointment.
Laboratory analysis of blood samples including calcium,
25-OH-D, and other indicators of bone metabolism from
both groups revealed no significant differences. In the
randomized clinical trial by Saggese et al** ten patients
with plaque psoriasis applied calcitriol followed by occlu-
sive dressing on one side of the body, and petrolatum
(vehicle) on the other side of the body once daily. All
patients had cleared psoriasis on the calcitriol-treated
side after four weeks whereas no appreciable changes
were observed on the vehicle side. The authors used an
unspecified score for scaling, erythema, and thickness.

In the clinical trial by Park et al** 12 patients received
calcipotriol between 12 and 103 weeks. 64.7% of the
patients achieved PASI75. Blood analysis of the indicators
of bone metabolism was also performed and found
decreasing, yet insignificant, mean values of 1,25-
dihydroxyvitamin D3 levels below the normal range in
half of the patients at the end of treatment; no change in
calcium metabolism was found. An analysis with similar
results was also performed in the clinical trial by Darley
et al*® for patients that received calcipotriol twice daily for
up to eight weeks. In this study, 65% of the patients
achieved PASI75 after eight weeks, and no significant
differences in biochemical measurements compared to
baseline status were reported. Overall, the studies on vita-
min D analogs were all clinical trials, of which two were
randomized. Two of the studies only included a small
number of participants however, and the patient age varied
from small children to adolescents.

Vitamin D Analogs + Betamethasone Dipropionate

Four studies (255 patients aged 3 to 18 years) examined
the efficacy of a fixed combination of vitamin D analogs
WHO
classiﬁcation).4(’49 All studies were clinical trials and

and betamethasone dipropionate (group III,

investigated the efficacy on psoriasis primarily located on
the scalp. In the study by Gooderham et al*® calcipotriol
plus betamethasone dipropionate gel was applied daily for
eight weeks in adolescents with moderate to severe scalp
psoriasis. Clearance or almost clearance was achieved in
47% at week two and 85% at the end of treatment, accord-
ing to the Investigator’s Global Assessment (IGA). Fifty-
nine percent of the patients were fully compliant or missed
less than 10% of the applications. Thirty-five percent had
adverse events, but there were no reports of
hypercalcemia.

In the clinical trial by van Geel et al*’ patients with
plaque psoriasis were divided into two groups using calci-
potriol plus betamethasone dipropionate ointment. One
group applied ointment intensively on a daily basis for
four weeks, followed by four times weekly, while the
other group applied ointment four times weekly during
the whole study period. The group intensively applying
ointment had significantly higher baseline PASI compared
to the other group and achieved PASI reduction of 34.6%
at week 48. The group applying ointment four times
weekly had no change in PASI score. In the clinical trial
by Oostveen et al*® a reported reduction of psoriasis scalp
severity index (PSSI) of 32% was observed at week 12
with the maintenance of this effect until follow-up at week
48 (p <0.001). Eichenfeld et al*’ reported on the efficacy
of calcipotriol plus betamethasone for moderate to severe
scalp psoriasis in adolescents. Fifty-five percent achieved
clear or almost clear psoriasis according to the
Global Assessment (IGA) after eight

weeks; 90% reported mild or no itching at the end of

Investigator’s

study. Blood analysis revealed signs of mild adrenal sup-
pression in one patient at week four. The patient used 94
g of product during the first two weeks of the study period
compared to 51 g in the rest of the participants; the treat-
ment was stopped, and adrenal function was normal after
four weeks. No studies allowed concurrent systemic treat-
ment or other topical treatment of the scalp. Blood analysis
was performed in two of the studies and no hypercalcemia
was reported.*®*” Overall, the included studies reported
moderate to good efficacy but used different severity scor-
ing systems.

Coal Tar/Goeckerman Therapy

Our search on coal tar as a single treatment for psoriasis in
children and adolescents did not produce any results.
When we searched on coal tar combined with UV-
radiation, which is called Goeckerman therapy, we found

I 2 submit your manuscript
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four studies (126 patients aged 3 months to 18 years).”* >

Three of the included papers were published by the same
first author and generally used the same treatment meth-
ods. Here, efficacy, as well as different safety aspects of
Goeckerman therapy were examined. In one study, Borska
et al’® reported significantly increased markers of oxida-
tive stress and chromosomal aberrations in peripheral lym-
phocytes, whereas the authors reported urinary
mutagenicity and a temporary genotoxic effect during
treatment in another study.’®> All three studies reported
a significant decrease in PASI score. The studies had few
participants, however, and adverse events were not
reported even though Goeckerman therapy increases the
risk of burning.

In the retrospective review by Kortuem et al>® the
participants were treated with Goeckerman therapy and
NB-UVB. At least 80% clearance of plaques was seen in
85% of the patients. The most frequent adverse event was
folliculitis, which was reported in 42% of the patients.
However, the used severity scoring system was not speci-
fied, and the phototherapy device was not comparable to
newer devices. Furthermore, efficacy was not reported for
patients with guttate psoriasis or erythroderma, and the age
of the participants varied from young children to adoles-
cents. Most of the included studies had few participants,

and three out of four did not report adverse events.

Phototherapy

Eleven studies reported on the efficacy of phototherapy in
children with plaque and guttate psoriasis (364 patients
aged 3 to 17).* % NB-UVB treatment was used in all
studies, whereas the retrospective review by Ersoy-Evans
et al®® also included psoralen-UVA (PUVA) and regular

UVB. In this study, the authors concluded that the efficacy
of NB-UVB and UVB treatment were equally more effec-
tive with 75% less clearance achieved in 93% of the
patients compared to PUVA treatment with <75% clear-
ance achieved in 83%; the assessment score was not spe-
cified. In a clinical trial by Jain et al>® the patients applied
mineral oil on one side of their body before irradiation
with NB-UVB treatment. A significant improvement in
scaling, induration, and modified PASI score was observed
on the pretreated side after three weeks, while the cumu-
lative dose for clearance was lower compared to the side
without mineral oil. In a retrospective review by Eustace
et al® 86% achieved PASI75 at the end of treatment. At
follow-up after 12 months, 43% remained clear while
28.6% had initiated systemic therapy. The remaining par-
ticipants were lost to follow-up.

Phototherapy was effective overall in a large number of
participants, although erythema was a common adverse
event observed in 8/11 studies.’®>*% Two patients
discontinued treatment in one study due to the develop-
ment of erythroderma following NB-UVB treatment.>* It
is notable that topical treatment was used or allowed in 6/

38.60.62°64 while the clinical trial by Tan et al>®

11 studies,
allowed both topical and systemic treatment. We noticed
that studies allowing topical treatments such as topical
corticosteroids reported higher clearance rates. This was
also observed in a recent systematic review and meta-
NB-UVB

children.® In their analysis, the authors did not find any

analysis on treatment for psoriasis in
significant association between the amount of treatment
sessions, cumulative irradiation dose, or maximum irradia-
tion dose and efficacy. The authors did, however, find

a positive association between the number of sessions

50 studies
(23 clinical trials, 1 retrospective cohort study,
17 retrospective reviews, 9 case series)

|

|

Topical treatments

{ Coal tar /
Topical corticosteroids (2) Goeckerman therapy

) } [ Phototherapy (11) }

Systemic therapy
Methotrexate (8)

Topical calcineurin inhibitors (2)
Anthralin (2)
Vitamin D analogs (4)
Vitamin D analogs +
betamethasone dipropionate (4)

Retinoids (4)
Cyclosporin (9)
Fumaric acid esters (3)
Apremilast (1)
Adalimumab (3)

Figure 3 The number of included studies investigating off-label treatments for psoriasis in children and adolescents.
Note: Four studies referred to more than one off-label treatment and are thus included in more groups.
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and efficacy. Phototherapy was the treatment with the most
studies in this review. Still, 9/11 studies included less than
40 patients each, and most studies were retrospective
reviews; further, many of the studies did not report the
type of psoriasis or specified the used assessment score.

Systemic Therapy

Methotrexate

The efficacy of MTX was examined in nine studies in children
and adolescents who mainly had moderate to severe plaque
psoriasis (409 patients aged 2 to 18 years), with MTX used in
doses of 0.03 to 0.7 mg/kg week.®** In the clinical trial by

1°¢ children and adolescents with severe plaque psor-

Papp et al
iasis were randomized into three groups. One group received
oral MTX 0.1 mg/kg once at week 0, which was increased to
up to 0.4 mg/kg at week 1 if blood analysis was normal
(maximum 25 mg weekly). The other groups received adali-
mumab in a low dose (0.4 mg/kg) or high dose (0.8 mg/kg)
every other week. Each group received either placebo tablets or
placebo injections, depending on their group. Early response to
high dose adalimumab was seen after four weeks with PASI75
response achieved in 23.7% compared to 13.5% of the patients
in the MTX group at week six. Of the 37 patients that received
MTX, 32% achieved PASI75 at the end of treatment at week
16. In comparison, PASI75 was achieved in 43.6% and 57.9%
of'the patients treated with low dose adalimumab and high dose
adalimumab, respectively. The difference in PASI scores
between MTX and high dose adalimumab was significant (p
<0.027), whereas the difference in PGA was not significant.
The safety profiles were similar.

Nonresponders (PASI75 not achieved) at week 16 entered
a long-term extension treatment period and continued with
open-label adalimumab at a high dose every other week for
52 weeks. Responders (PASI75 achieved) at week 16 were
withdrawn from treatment for up to 36 weeks but could enter
retreatment if they had a loss of disease control. The patients
were then retreated with the same treatment they received in
the first 16 weeks, with either adalimumab in low or high
doses, or adalimumab in high dose, if the initial treatment
was MTX. After 16 weeks of treatment, these patients also
entered the long-term extension period of 52 weeks. The
results from the long-term extension period were reported by
Thaci et al’”* where 108 of the 114 patients who had been
randomized in the initial study period entered the long-term
extension period. The group that initially received MTX and
then high dose adalimumab during the long-term extension
period achieved PASI75 improvement of 31-86% from entry
to the end of the study period. The group that initially received

a low dose of adalimumab followed by either a low or high
dose adalimumab achieved PASI75 improvement of 28-47%
from entry to the end, whereas it was 50-72% in the group that
only received high dose adalimumab.

Bronckers et al’® compared the efficacy and safety of
MTX and biological treatment in a retrospective review.
The patients that received biological treatment were trea-
ted with etanercept (83.3%), adalimumab (12.5%), or uste-
kinumab (4.2%). The analysis of the biological treatment
was performed for all drugs as one group. The specific
dosage of MTX was not reported. When evaluated after
six months, 40% of the patients in the MTX group had
achieved PASI75 compared to 71.1% in the group treated
with biologics. Patients who were treated with biological
treatment were more likely to achieve PASI75 compared
to MTX (odds ratio for PASI75 4.95%, p <0.01), and the
overall drug survival rate at five years was lower for MTX
(35.9%) compared to biological treatment (57.1%).

In a clinical trial by Ergun et al®® the effect of MTX,
acitretin, and cyclosporin was examined (85, 61, and 80
patients, respectively). Of the patients that received acitretin
0.3 mg/kg daily, 47.5% achieved PASI75. This was the
highest efficacy, followed by 40% of patients that received
cyclosporin 3 mg/kg daily, whereas PASI75 was achieved in
34.1% of patients that received MTX 0.3-0.7 mg/kg weekly
(route of administration not reported). The one-year drug
survival rate was 36.3% (acitretin), 21.1% (MTX), and
15.1% (cyclosporin). The main reasons for treatment termi-
nation were primary lack of efficacy or secondary loss
efficacy seen in 22.9% (MTX), 28.4% (acitretin), and
31.7% (cyclosporin). The study was limited by not reporting
baseline disease severity, and no comparison between the
drugs was thus performed.

Several studies reported adverse events that included nau-
sea, vomiting, infection, and loss of appetite, but no studies
changed the treatment to subcutaneous MTX injections.®® 657!
Adverse events leading to discontinuation were reported in
four patients due to increased liver enzymes.”**" In the

retrospective review by Charbit et al®®

four patients discontin-
ued due to hypereosinophilia, digestive disorder, and rheuma-
tism. Overall, the included studies reported varying efficacy of
MTX. Follow-up periods of up to one year were performed in

several studies. For more information, see Table 2.

Retinoids

Four studies reported on the efficacy of systemic retinoids
in children with plaque and pustular psoriasis (236 patients
aged 5 months to 14 years) at doses of 0.2 to 1.0 mg/kg
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daily.®®%7376 The efficacy of acitretin in the clinical trial
by Ergun et al® was described earlier. Charbit et al®’
performed a retrospective review in which they examined
systemic treatments for children and adolescents with
moderate to severe psoriasis of different types. Acitretin
was the most frequently used systemic treatment in 55% of
the included patients, followed by MTX, biological treat-
ments, and ciclosporin in the order listed. Thirty-three
percent of the patients that received acitretin achieved
PASI75 at week 12, which was surpassed by all other
examined treatments. However, the study was mostly
descriptive, and no comparison analysis of treatment effi-
cacy was performed. 73.9% of the patients used concurrent
topical treatments in all groups, which could affect the
overall efficacy. Regarding the safety of acitretin, Di
Lernia et al”> reported a lack of efficacy as the reason
for discontinuation in 50% of the patients in their retro-
spective review. Discontinuation due to adverse events
was observed in eight patients who experienced alopecia,
headache, itching, view disorder, digestive disorder, and
arthralgia.®®%>"> Acitretin was reported as the first-line
systemic therapy in two studies.®®’> The overall efficacy
of acitretin in the studies was varied, and between 33%
and 93.3% of the patients achieved PASI75. However,
only a small number of studies were included, and most

of these were retrospective reviews.

Cyclosporin

Cyclosporin was examined in nine studies (191 patients
aged 11 months to 17 years) in doses 1 to 7.5 mg/kg
daily.®®¢%77"83 The patients had primarily plaque psoriasis
and pustular type psoriasis, and most of the included
studies were case series. The only clinical trial was by
Ergun et al®® and was described earlier. In the retrospective
review by Charbit et al® 44% of the patients that received
cyclosporin achieved PASI75 at week 12. When compared
to the other systemic treatments examined in the study,
cyclosporin was the treatment with the highest rate of
severe adverse events, requiring treatment termination in
20% of the patients. Topical treatment and treatment with
coal tar were allowed in the study. In the retrospective
cohort study by Di Lernia et al’’ 39.4% achieved PASI75
at week 12, and 39.5% of the patients were nonresponders.
All patients experienced mucocutaneous adverse effects.
Increased serum creatinine was observed in one patient in

1.8

the study by Ergun et al.”® The included case series gen-

erally had few participants, and some of the studies did not

use objective psoriasis severity measurements. Overall, the
included studies reported varying efficacy (Table 2).

Fumaric Acid Esters

The effect of fumaric acid esters was examined in three
small studies (34 patients aged 6 to 17) in doses 180 to
1200 mg daily.**®® In the retrospective review by Steinz
et al®* PASI75 was achieved in all six patients after 12
weeks while 50% achieved PASI100. Topical treatment
with corticosteroids or vitamin D analogs was allowed
had

a temporary reduction of lymphocytes, which reversed

during the treatment period. Eighty percent
after the treatment was stopped. In the case series by van
Geel et al*® 14 patients were treated with dimethyl fuma-
rate. 64.3% achieved PASI75 while 45.5% had reversible
lymphocytopenia, whereas one patient discontinued due to
persistent low lymphocyte counts. Five of the children
included in the case series by van Geel et al® were also
included in the case series by Balak et al.* In this study,
five patients discontinued treatment due to insufficient
clinical response. All studies reported several adverse
events though only one led to discontinuation. All three
studies included a small number of participants.

Apremilast

The only study that reported on the efficacy of apremilast was
a clinical trial by Paller et al (42 patients aged 6 to 17).%” The
participants were divided into three study groups consisting of
children and adolescents with moderate to severe plaque psor-
iasis. The groups were based on age and weight-based doses.
The best efficacy was reported in the group that consisted of
children aged 6 to 11 years who were dosed 0.4 mg/kg twice
daily for 2 weeks, followed by a 48-week extension. In this
group, the patients achieved a 79% PASI reduction. PASI
reduction in the two other groups was 69.6% and 66.5% in
adolescents aged 12 to 17 years receiving 0.4 and 0.8 mg/kg
twice daily, respectively. A comparison analysis of the PASI
results was not performed. Ninety-five percent of all the parti-
cipants experienced treatment-related adverse events, and two
patients discontinued due to eosinophilia and headache.
According to clinicaltrials.gov, apremilast is currently going
through a Phase 3 trial for use in children and adolescents.

Adalimumab

The tumor necrosis factor (TNF) inhibitor adalimumab was
examined in three studies (119 patients aged 4 to 18
years).®*">™ Results from the randomized clinical trial by
1° and the follow-up study by Thaci et al’”* on
MTX and adalimumab, as well as the retrospective study by

Papp et a
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Bronckers et al’” on MTX and biological treatments, were
described earlier. In the case series by Klufas et al’? patients
were treated with adalimumab every other week. The patients
achieved temporary PGA reduction from 2.4 to 0.7 after five to
seven months, which increased to 2.0 after one year. Three
patients did not respond to treatment. We did not search on
etanercept, ustekinumab, and ixekizumab, since these studies
are both approved by EMA and FDA (Table 1). We did not find
any relevant studies when searching on the unapproved biolo-
gical treatments secukinumab (unapproved by FDA), risanki-
zumab, guselkumab, certolizumab pegol, tildrakizumab, and
brodalumab. In our search, we only found case reports that
examined the safety and efficacy of these unapproved biologi-
cal treatments. However, all of the treatments are currently
being tested for use in children and adolescents with psoriasis,
according to clinicaltrials.gov.*® > Our search did not include
treatment with Janus kinase (JAK) inhibitors such as tofaciti-
nib, since these treatments are not yet registered for use in
adults with psoriasis, and they are not suggested as treatment
options for pediatric psoriasis in any of the available

31,32

guidelines.

Discussion
Patients with psoriasis require treatment regardless of their age.
Only a few of the current treatment options are approved for
use in children and adolescents. For the most part, data on
treatment efficacy and safety derive from studies in adults, and
off-label treatment is therefore normally used in pediatric
populations. Despite this, there is a general shortage of data
concerning off-label treatments for psoriasis in children and
adolescents. More than half of the included studies were case
series or retrospective reviews, and most of these had few
participants. Of the 23 clinical trials included, only four were
randomized. Regarding treatments such as topical corticoster-
oids and topical calcineurin inhibitors, the literature was lim-
ited to clinical trials with few participants and a retrospective
review with no supplementary supporting evidence (Table 2).
In contrast, there is plenty of data available on the safety and
efficacy of topical corticosteroids and topical calcineurin inhi-
bitors for atopic dermatitis in children and adolescents.”
Data related to pediatric use of unapproved treatments
derive from studies that include patients with other dis-
eases or, which applies to the majority, from studies in
adults with psoriasis. Therefore, the choice of treatment
for psoriasis is generally based on the consideration that
children and adolescents with psoriasis are small adults
and only to a lesser extent on evidence-based literature.

Topical treatments are widely considered for localized
disease and play a key role in the treatment of psoriasis in
children and adolescents.’’*! Of these, a combination
therapy consisting of vitamin D analogs and betametha-
sone dipropionate is increasingly being preferred as first-
line therapy due to the synergistic, complementary
While this
approved by FDA in adolescents aged 12 years for use

effectiveness.” combination therapy is
on the body and scalp, it is unapproved by the EMA. In
this review, a total of ten studies were available on the
treatment with vitamin D analogs, topical corticosteroids,
and fixed combination therapy. None of these studies
examined long-term efficacy and safety except for one
clinical trial with 12 included patients.** Despite lacking
approval, there are currently data showing a good effect of
a fixed combination of vitamin D analogs and betametha-
sone dipropionate in adult populations.”®

In regard to nonbiological systemic therapy, there is
a paucity of EMA- and FDA-approved systemic therapies.
MTX is the most commonly used systemic medicine as
first-line therapy for moderate to severe psoriasis in chil-
dren and adolescents.>*?” Still, only one randomized clin-
ical trial investigated the efficacy and safety of MTX as
a control to adalimumab in the pediatric population.®®

At this point, the EMA has approved five biological
therapies while FDA has approved three for pediatric
psoriasis (Table 1). In this review of off-label treatments,
the only literature on a specific biological treatment was
on the use of adalimumab, which is currently considered
off-label by FDA. Papp et al°® compared the safety and
efficacy of adalimumab and MTX, which was the only
randomized clinical trial that compared a TNF inhibitor
versus MTX. Adalimumab had greater efficacy compared
to MTX, while the safety profiles were similar.

Bronckers et al’® also compared MTX to biological
treatment, but in this study, the patients were treated with
different biologics, and the study was a retrospective
review with data lacking data on specific doses and routes
of administration for MTX. A multicenter review that was
also performed by Bronckers et al’’ reported more fre-
quent medication-related adverse events with MTX com-
pared to TNF inhibitors. Currently, more biological
treatments are being tested for approved use in children
and adolescents with psoriasis, which may result in more
treatment options with greater efficacy and safety com-
pared to the current options. Even so, children and adoles-
cents with psoriasis have a long median switching time
from topical to systemic treatment.”® The clinician should
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not be too reluctant to change from topical to systemic
treatment when the treatment effect is absent, even though
there is a lack of data on systemic treatments in children
and adolescents. Studies in adults have indicated that TNF
inhibitors and MTX may carry the potential to inhibit the

comorbidities.”®°

development of  cardiovascular
Whether early intensive treatment in new-onset psoriasis
can modify the long-term natural course of the disease is
still under debate.'®

There is a need for future studies to investigate the
efficacy and safety of unapproved treatments since they
constitute the foundation of current treatment options. In
clinical practice, topical corticosteroids alone or in com-
bination with vitamin D analogs have shown efficacy.
Since the main group of children and adults with psor-
iasis have mild disease, more data, especially on the
efficacy and longtime safety in children, is needed for
the topical treatments. MTX administration with either
tablets or subcutaneous injections is also well tolerated
in children and has shown good efficacy in adults. Still,
there are cases where the effect of systemic treatment is
absent, and regular clinical trials may be necessary to
examine the actual effect of current traditionally used

systemic treatments.

Conclusion

The current treatment strategy for children and adults with
psoriasis is almost the same. Treatment options for psor-
iasis in children and adolescents are mostly off-label, with
little available data on efficacy and safety. In clinical
off-label with
D analogs combined with betamethasone dipropionate

practice, treatment topical vitamin
for mild located psoriasis and systemic therapy with
MTX for moderate to severe psoriasis show good effects.
New drugs, particularly biological treatments developed
by pharmaceutical companies, are required to undergo
clinical trials in a pediatric population, and consequently,
more approved treatments will be tested for pediatric
psoriasis. Still, most children and adolescents have mild
psoriasis, and there is a vast need for clinical trials inves-
tigating the efficacy and long-term safety of topical treat-
ments as well as currently used systemic treatments such

as MTX.
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