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Approccio terapeutico in età pediatrica con 
farmaci biologici

• Psoriasi moderata/grave

• Dermatite atopica

• Orticaria cronica spontanea (CSU)



Psoriasi: epidemiologia

• Prevalenza nella popolazione pediatrica: 1% 
• L’incidenza della mala6a è costantemente in crescita 

dal 1970 ad oggi 
• 4.1% di tu@e le dermatosi osservate al di so@o i 16 

anni 
• 1⁄3 dei pazienD ha le prime manifestazioni in età 

pediatrica
• 27% riportano l’insorgenza prima dell’età di 16 anni
• 2% prima dei 2 anni 
• Età media alla prima diagnosi: 10.6 anni 



Psoriasi: caso clinico

• Luca: 8 anni
• Psoriasi grave dall’infanzia
• Terapie effettuate:
• Corticosteroidi topici e sistemici
• Tacrolimus
• Fototerapia UVBTL01
• Ciclosporina A
• Retinoidi



Psoriasi suberitrodermica



Scelta terapeutica

Infliximab (anti TNF-alfa) 5 mg/Kg e.v.



Patogenesi della psoriasi

AW Armstrong JAMA. 2020;323(19):1945-1960. 

The Pathogenesis of Psoriasis

The pathogenesis of psoriasis is complex and not fully elucidated.
Excessive activation of parts of the adaptive immune system is
thought to be central to the pathogenesis of psoriasis.10 In the ini-
tial steps of psoriasis pathogenesis, a variety of cell types, including
plasmacytoid dendritic cells, keratinocytes, natural killer T cells, and
macrophages, secrete cytokines that activate myeloid dendritic cells
(Figure 1). For example, DNA-LL37 complexes stimulate plasmacy-
toid dendritic cells to secrete interferon alfa (IFN-α) which, in turn,
activates myeloid dendritic cells. Once activated, myeloid den-
dritic cells secrete IL-12 and IL-23. IL-12 induces differentiation of na-
ive T cells to TH1 cells. IL-23 is central to the survival and prolifera-
tion of TH17 and TH22 cells. TH1 cells secrete interferon gamma (IFN-γ)
and TNF-α; TH22 cells secrete IL-22; and TH17 cells secrete IL-17, IL-22,

and TNF-α.11 Among these pathways, IL-23–mediated activation of
the TH17 pathway is thought to be predominant.11 IL-23 signaling is
mediated intracellularly via Tyk2-Jak2 and STAT3, which leads to tran-
scription of key inflammatory mediators. These cytokines lead to
downstream keratinocyte proliferation, increased expression of an-
giogenic mediators and endothelial adhesion molecules, and infil-
tration of immune cells into lesional skin (Figure 1).10

Epidemiology
In the United States, psoriasis affects approximately 3.2% of adults,
0.13% of children,1,3,4 and the incidence is approximately 80 new
cases per 100 000 person-years.12 Worldwide, approximately
125 million people have psoriasis, and psoriasis prevalence is highly
variable across regions, ranging from 0.5% in parts of Asia to as high

Figure 1. Pathophysiology of Psoriasis
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Feed-forward inflammation in psoriasis

The pathophysiology of psoriasis involves excessive feed-forward activation of
the adaptive immune system. Activated myeloid dendritic cells secrete excess
IL-12 and IL-23. IL-12 induces differentiation of naive T cells to T-helper cells type
1 (TH1). IL-23 is central to the survival and proliferation of TH17 and TH22 cells.
TH17 cells (and a multitude of other inflammatory cells) secrete IL-17; TH1 cells

secrete tumor necrosis factor α (TNF-α); and TH22 cells secrete IL-22.
These secreted cytokines activate intracellular signal transduction in
keratinocytes to bring about gene transcription of cytokines and chemokines.
This results in an inflammatory cascade that leads to psoriatic disease
manifestations. DC indicates dendritic cell; IFN, interferon; NK, natural killer.
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Sulla base dei dati disponibili e alla stregua di quanto deciso per la psoriasi a 
placche dell’adulto, il gruppo di lavoro concorda che nella psoriasi cronica a 
placche del bambino il trattamento con etanercept possa essere considerate 
quando tutte le seguenti condizioni siano soddisfatte: 
• età > 6 anni; 
• presenza di PASI >20 o BSA >20%  oppure PASI fra 10 e 20 e CDLQI>10 

associato a lesioni al viso o palmari/plantari, ungueali o genitali; 
• mancata risposta, intolleranza o controindicazione a MTX;  
• mancata risposta, intolleranza o controindicazione a ciclosporina; 
• mancata risposta, intolleranza o controindicazione ad acitretina (se <12 an-

ni); 
• mancata risposta, intolleranza o controindicazione a PUVA terapia (se >12 

anni). 
 
Per la gestione del’etanercept in termini di indicazioni, controindicazioni e av-
vertenze d’uso fare riferimento al documento regionale: “Trattamento sistemico 
della psoriasi cronica a placche moderata-grave” - Linee Guida Terapeutiche/1. 

RACCOMANDAZIONE 

Documentazione di: 
• età del paziente; 
• mancata o inadeguata risposta ad almeno 3 trattamenti sistemici a seconda 

dell’età e/o presenza di specifiche controindicazioni agli stessi (vedi racco-
mandazione); 

• compilazione trimestrale di una scheda di monitoraggio clinico e risultati ot-
tenuti espressi come percentuale di raggiungimento di PASI75 e PASI50 con 
documentazione della eventuale comparsa di eventi avversi. 

INDICATORI PER IL MONITORAGGIO 

Il ruolo dell’etanercept nel trattamento sistemico  
della psoriasi a placche moderata-grave in età pediatrica 
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TERAPIE BIOLOGICHE
(anti TNF-alfa, IL 12-23, IL 17, IL 23)

 
Biologic Therapies

Class Target Generic name Molecular Structure

TNF inhibitor

TNF-α Etanercept Receptor fusion protein

TNF-α Infliximab Chimeric monoclonal antibody

TNF-α Adalimumab Fully human monoclonal antibody

TNF-α Certolizumab peg Fully human monoclonal antibody

IL-12/23 inhibitor p40 subunit Ustekinumab Fully human monoclonal antibody

IL-17 inhibitor

IL-17a Secukinumab Fully human monoclonal antibody

IL-17a Ixekizumab Humanized monoclonal antibody

IL-17RA Brodalumab Fully human monoclonal antibody

IL-23 inhibitor

p19 subunit Guselkumab Fully human monoclonal antibody

p19 subunit Tildrakizumab Humanized monoclonal antibody

p19 subunit Risankizumab Humanized monoclonal antibody



Ciclosporina A

• Studi clinici hanno incluso bambini a partire da 1 anno di età in poi

• In diversi studi, i pazienti pediatrici hanno richiesto e tollerato dosi di 
ciclosporina per kg di peso corporeo più elevate di quelle usate negli adulti

• Ad eccezione del trattamento della sindrome nefrosica, non è disponibile una 
adeguata esperienza con ciclosporina

• L'uso nei bambini di età inferiore ai 16 anni in indicazioni diverse dal trapianto 
non è raccomandato ad eccezione della sindrome nefrosica
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Effectiveness and safety of cyclosporine in pediatric plaque 
psoriasis: a multicentric retrospective analysis. 
V. Di Lernia, L. Stingeni, V. Boccaletti, P.G. Calzavara Pinton, C. Guarneri, 
A. Belloni Fortina, M. Panzone, M. Corazza, I. Neri, S. Cambiaghi, C. 
Lasagni, E. Ficarelli, P. Gisondi 

doi: 10.3109/09546634.2015.1120852 

Abstract 
Cyclosporine (CysA) is effective for psoriasis in adult patients but little data 
exist about its efficacy and safety in childhood and adolescence psoriasis. 

Objectives. To assess the effectiveness and safety of CysA for childhood 
and adolescence psoriasis. 

Methods. Retrospective analysis of a group of children and adolescents 
(age< 17 years) with plaque psoriasis treated with CysA at several Italian 
dermatology clinics. 

Results. Our study population consisted of 38 patients. The median age at 
the start of treatment was 12,3 years. Therapy duration varied from 1 to 36 

months. The median maintenance dosage per day was 3,2 mg/kg (range 2–5 mg/kg). Fifteen patients (39,4 %) 
achieved a complete clearance or a good improvement of their psoriasis defined by an improvement from 
baseline of ≥75% in the Psoriasis Area and Severity Index at week 16. Eight patients (21.05%) discontinued 
the treatment due to laboratory anomalies or adverse events. Serious events were not recorded. 

Conclusions. In this case series CysA was effective and well tolerated treatment in a significant quote of 
children. CysA, when carefully monitored, may represent a therapeutic alternative to the currently used 
systemic immunosuppressive agents for severe childhood psoriasis. 
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ABSTRACT

Introduction: Psoriasis affects children with a
considerable burden in early life. Treating
pediatric psoriasis is challenging also because of
the lack of updated specific guidelines. With the

recent approval of several biologics for pediatric
psoriasis and the ongoing COVID-19 pandemic,
the management of young psoriatic patients is
facing major changes. A revision of treatment
recommendations is therefore needed.
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successfully with the active involvement of
most participants. The two plenary meetings
lasted between 2 and 3 h each.

In the following sections, the statements will
be discussed in detail, along with the relevant
published evidence available.

Assessment of Disease Severity

Statements S1–S3 (Table 1), on which consensus
was reached at the first round of voting, point
out the three components—extent and severity
of skin lesions, affected sites, and quality of
life—that should be considered when assessing
psoriasis severity. The extent and severity of
skin lesions in children are usually measured

with the Psoriasis Area and Severity Index (PASI)
and the Body Surface Area (BSA). The site of skin
lesions is very important, as lesions on certain
areas, such as the face and scalp, strongly affect
patient quality of life and contribute signifi-
cantly to disease severity. Quality of life mea-
surements are essential as they provide the
patient perspective and help quantify the bur-
den of the disease.

The BSA and PASI assessment tools are
widely used in clinical practice. They can be
used in children although they have not been
formally validated in this population. The BSA
determines the total body surface area affected
by psoriasis (expressed as % of affected areas).
The PASI score is more comprehensive and

Fig. 1 Flowchart of the Delphi study
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Topical corticosteroids can be combined
with other topical therapies, with photother-
apy, and with systemic therapies including
biologics. A convenient and effective fixed
combination of the corticosteroid betametha-
sone dipropionate with the vitamin D analogue
calcipotriol is available (statement S14). The
efficacy and safety of this combination for the
treatment of pediatric psoriasis are supported by

evidence from small trials and clinical practice
[54, 55]. In a phase II trial including 31 adoles-
cents (12–17 years) with extensive scalp psoria-
sis, the combination calcipotriol-
betamethasone dipropionate applied once daily
for 8 weeks resulted in a clear or almost clear/
mild disease in almost 60% of patients [55].
Furthermore, pruritus also improved from
baseline to 8 weeks. Adverse events, mostly of

Fig. 2 Treatment algorithm. BSA body surface area,
CDLQI Children’s Dermatology Life Quality Index, NB-
UVB narrow-band ultraviolet light B, PASI Psoriasis Area
and Severity Index. aNot approved by EMA for use in
pediatric patients with psoriasis; approved by FDA for
patients aged C 12 years. bNot approved by EMA for use
in pediatric patients with psoriasis. cNB-UVB photother-
apy is suitable for children aged[ 12 years. dAdalimumab
is approved by EMA for severe chronic psoriasis in
children C 4 years old who have had an inadequate
response to, or are ineligible for, topical therapies and
phototherapy. eIxekizumab is approved by EMA for
moderate to severe psoriasis in children C 6 years old, of
at least 25 kg of weight, who are candidates for systemic
therapy. The reimbursement of ixekizumab for use in

children is currently under review by the Italian healthcare
system. fSecukinumab is approved by EMA for moderate
to severe psoriasis in children C 6 years old who are
candidates for systemic therapy. The reimbursement of
secukinumab for use in children is currently under review
by the Italian healthcare system. gEtanercept is approved by
EMA for severe chronic psoriasis in children C 6 years old
who are inadequately controlled by, or are intolerant to,
other systemic therapies or phototherapy. hUstekinumab is
approved by EMA for moderate to severe psoriasis in
children C 6 years old who are inadequately controlled by,
or are intolerant to, other systemic therapies or photother-
apy. Ustekinumab is however not reimbursed by the Italian
healthcare system for use in children
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pediatric psoriasis. Small studies, case series,
and retrospective chart analyses have shown
that patients treated with topical calcineurin
inhibitors for plaque psoriasis and inverse pso-
riasis achieved skin clearance within 30 days of
treatment [56, 57].

Poor adherence to treatment, especially to
topical treatment, is a major issue in psoriasis.
In addition, the incorrect application of topical
medications in children may contribute to
treatment failure. Parents and children should
be taught how to apply topical medications to
skin lesions. During treatment, appropriate skin
care may help alleviate local treatment-related
adverse events. Accurate skin care is recom-
mended to all pediatric psoriasis patients,
regardless of disease severity (statement S15).

Phototherapy
Phototherapy using narrow-band (NB)-UVB
(wavelength of 311–313 nm) is feasible and

effective in children and is a valid option for the
treatment of moderate to severe plaque psoriasis
and guttate psoriasis (statement S18). Concerns
have been raised about early and prolonged
treatment because of the potential risk of pre-
mature skin aging and skin cancer development
associated with UV exposure [20]. However, no
reports of an increased risk of skin cancer asso-
ciated with NB-UVB treatment have been pub-
lished so far.

The effectiveness of phototherapy in psoria-
sis has long been established [21]. Retrospective
studies in psoriatic children aged 5–17 years
reported[ 50% skin clearance rates with very
few, mild adverse events [58–60]. Pretreatment
of psoriasis lesions with an emollient was asso-
ciated with greater efficacy of the NB-UVB
treatment, as shown by a reduction in lesion
extension, scaling, and induration, and with a
lower UV dosage required to achieve skin
clearance, compared with no pretreatment [61].

Table 7 Practical recommendations for systemic therapy with non-biologic options

Systemic therapy—non-biologic options [19–21]

Methotrexate (off-
label)

Oral or subcutaneous/intramuscular administration

Usual dose: 0.2–0.7 mg/kg once weekly, up to 15 mg per week

As soon as disease control is achieved (12–16 weeks), reduce gradually dose to lower maintenance
regimen

Daily folic acid (1–5 mg) recommended (except on day of methotrexate administration) to reduce
side effects

Cyclosporine A (off-
label)

Oral administration

Initial dose: 2.5–5.0 mg/kg per day

Optimal response expected after 8–16 weeks

When disease is stable, slowly reduce to lowest effective dose

Intermittent treatment courses are recommended

Retinoids (off-label) Oral administration

Initial acitretin dose: 0.3–0.5 mg/kg per day

Maintenance dose: up to 1 mg/kg per day

Improvement of skin lesions usually seen after 2–3 months of treatment

Contraception recommended in female adolescents for up to 3 years from treatment
discontinuation

Dermatol Ther (Heidelb) (2022) 12:1753–1775 1767
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application of emollients. According to the
results of a systematic review of the literature
concerning treatment efficacy and safety in
pediatric psoriasis, calcipotriene with or with-
out topical corticosteroid emerged as the first-
choice treatment of pediatric psoriasis [54].
Vitamin D analogues are useful also as corti-
costeroid-sparing agents and can be used in
rotational strategies to avoid corticosteroid-re-
lated adverse effects (statement S16). However,

they are not approved for pediatric use by the
EMA, and their use is therefore off-label.

Topical calcineurin inhibitors can also be
used as corticosteroid-sparing agents. These
agents may be particularly useful for the treat-
ment of lesions affecting sensitive body surface
areas. Burning and stinging at the site of appli-
cation are the most commonly reported adverse
events. Like vitamin D analogues, they are not
licensed by the EMA for the treatment of

Table 6 Indications and schedules for systemic therapy with biologics

Systemic therapy—biologics [73–77]

Adalimumab Children aged 4–17 years

Patient weight C 15 kg and\ 30 kg: initial dose of 20 mg SC, followed by 20 mg SC every other week

Patient weight C 30 kg: initial dose of 40 mg SC, followed by 40 mg SC every other week

In non-responders, treatment beyond 16 weeks should be carefully considered

Ixekizumab Children aged C 6 years, with body weight C 25 kg and for adolescents

Patient weight 25–50 kg: start with 80 mg SC, followed by 40 mg SC every 4 weeks

Patient weight[ 50 kg: start with 160 mg SC (two 80 mg-injections), followed by 80 mg SC every 4 weeks

Secukinumab Children aged C 6 years

Weekly dosing for 5 weeks, followed by monthly dosing for maintenance

Body weight\ 25 kg: 75 mg SC

Body weight C 25 kg and\ 50 kg: 75 mg SC

Body weight C 50 kg: 150 mg SC (may be increased to 300 mg SC)

Etanercept Children aged C 6 years

25 mg twice weekly or 50 mg SC once weekly

Alternatively: 50 mg SC twice weekly for up to 12 weeks, followed by 25 mg SC twice weekly, or 50 mg SC
once weekly, if needed

Treatment should be continued until remission, for up to 24 weeks

Discontinue treatment if no response after 12 weeks

Ustekinumab Children aged C 6 years

Administer at week 0 and 4, and then every 12 weeks

Body weight\ 60 kg: 0.75 mg/kg SC (table with injection volumes available in EMA label)

Body weight C 60 kg SC and B 100 kg: 45 mg SC

Body weight[ 100 kg: 90 mg SC

Discontinue treatment if no response after up to 28 weeks of treatment

SC subcutaneously
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(anti TNF-alfa, IL 12-23, IL 17, IL 23)

 
Biologic Therapies

Class Target Generic name Molecular Structure

TNF inhibitor

TNF-α Etanercept Receptor fusion protein

TNF-α Infliximab Chimeric monoclonal antibody

TNF-α Adalimumab Fully human monoclonal antibody

TNF-α Certolizumab peg Fully human monoclonal antibody

IL-12/23 inhibitor p40 subunit Ustekinumab Fully human monoclonal antibody

IL-17 inhibitor

IL-17a Secukinumab Fully human monoclonal antibody

IL-17a Ixekizumab Humanized monoclonal antibody

IL-17RA Brodalumab Fully human monoclonal antibody

IL-23 inhibitor

p19 subunit Guselkumab Fully human monoclonal antibody

p19 subunit Tildrakizumab Humanized monoclonal antibody

p19 subunit Risankizumab Humanized monoclonal antibody
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Background
Etanercept, a soluble tumor necrosis factor receptor, has been shown to lessen dis-
ease severity in adult patients with psoriasis. We assessed the efficacy and safety of 
etanercept in children and adolescents with moderate-to-severe plaque psoriasis.

Methods
In this 48-week study, 211 patients with psoriasis (4 to 17 years of age) were ini-
tially randomly assigned to a double-blind trial of 12 once-weekly subcutaneous 
injections of placebo or 0.8 mg of etanercept per kilogram of body weight (to a 
maximum of 50 mg), followed by 24 weeks of once-weekly open-label etanercept. 
At week 36, 138 patients underwent a second randomization to placebo or etaner-
cept to investigate the effects of withdrawal and retreatment. The primary end point 
was 75% or greater improvement from baseline in the psoriasis area-and-severity 
index (PASI 75) at week 12. Secondary end points included PASI 50, PASI 90, physi-
cian’s global assessment of clear or almost clear of disease, and safety assess-
ments.

Results
At week 12, 57% of patients receiving etanercept achieved PASI 75, as compared 
with 11% of those receiving placebo (P<0.001). A significantly higher proportion of 
patients in the etanercept group than in the placebo group had PASI 50 (75% vs. 
23%), PASI 90 (27% vs. 7%), and a physician’s global assessment of clear or almost 
clear (53% vs. 13%) at week 12 (P<0.001). At week 36, after 24 weeks of open-label 
etanercept, rates of PASI 75 were 68% and 65% for patients initially assigned to 
etanercept and placebo, respectively. During the withdrawal period from week 36 
to week 48, response was lost by 29 of 69 patients (42%) assigned to placebo at the 
second randomization. Four serious adverse events (including three infections) oc-
curred in three patients during treatment with open-label etanercept; all resolved 
without sequelae.

Conclusions
Etanercept significantly reduced disease severity in children and adolescents with 
moderate-to-severe plaque psoriasis. (ClinicalTrials.gov number, NCT00078819.)

The New England Journal of Medicine 
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investigator and required hospitalization (etaner-
cept was uninterrupted). A 7-year-old patient with 
a history of asthma had a serious infection of left 
basilar pneumonia that was treated with intrave-
nous antibiotics (etanercept was discontinued). All 
serious noninfectious and infectious adverse events 
resolved without sequelae. No deaths, cancers, op-
portunistic infections, tuberculosis, or demyelin-
ation events were reported.

Three patients transiently had high hemoglo-
bin concentrations (a grade 3 toxic effect), one 
before and two during etanercept therapy. No 
grade 4 toxic effects were seen in either group. 

During the withdrawal–retreatment period, no 
patient had psoriasis rebound or a change of pso-
riasis morphology (e.g., a change from plaque to 
guttate or pustular psoriasis); however, one pa-
tient withdrew during the open-label period be-
cause of worsening of psoriasis.

Discussion

This multicenter, phase 3, randomized study dem-
onstrated statistically significant and clinically 
meaningful reductions in disease severity as early 
as week 2 of weekly treatment with etanercept at 
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Figure 3. Responses through 36 Weeks.

Panel A shows the proportions of patients with improvements over baseline in the psoriasis area-and-severity index 
(PASI) of 50%, 75%, and 90% (PASI 50, PASI 75, and PASI 90, respectively). Panel B shows the proportions of pa-
tients with static physician’s global assessment ratings of clear or almost clear. Missing data were imputed as non-
responses. Data from patients who entered the escape group were not imputed as nonresponses up to week 12. 
Therefore, the results through week 12 differ in Figures 2 and 3. The results after 24 weeks include patients who 
may have received topical therapy.
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0.8 mg per kilogram (to a maximum of 50 mg) in 
children and adolescents with moderate-to-severe 
plaque psoriasis.

Fifty-seven percent of patients treated with 
etanercept in this study achieved PASI 75 at week 
12; this rate is higher than the 12-week PASI 75 
response reported for adult patients with psoria-
sis who were treated with 25 mg of etanercept 
twice weekly (response rates, 30 to 34%) but is 
consistent with rates reported in trials involving 
adults who received 50 mg of etanercept twice 
weekly (response rates, 47 to 49%).18-21 The mean 
trough etanercept concentration at week 12 in 
our study was similar to that observed in adults 
receiving 25 mg twice weekly.26 Thus, whereas the 
dosage in our study was equivalent to the 25-mg 
twice-weekly dosage used in adults, the clinical 
response was similar to that achieved with the 
50-mg twice-weekly dosage.

 In studies in adults, about 70% of patients were 
overweight (BMI >25),27 as compared with 37% of 
the patients (32% of children and 41% of adoles-
cents) in our study (BMI ≥95th percentile of age- 
and sex-matched population).28 In addition, the 
disease severity at baseline was higher and the 
duration of disease was longer in the studies in 
adults than in our study. In our study, patients 
who received weight-based dosing had a better 
response than did patients who received the maxi-
mum dose. However, the disease characteristics 
at baseline were different as well, because the pa-
tients treated with the maximum dose of etaner-
cept weighed more, were older, and had a longer 
history of psoriasis than those receiving smaller 
doses. All these factors can confound the analy-
sis of any benefit of weight-based dosing in this 
study. After withdrawal of etanercept therapy, 
more than half of the patients maintained PASI 75 
until the end of the study. Future studies should 
assess whether the frequency of administration 
could be decreased during remission with main-
tenance of control.

Four serious adverse events occurred in three 
patients: ovarian cyst removal in one patient, gas-
troenteritis and gastroenteritis-associated dehydra-
tion in one patient, and pneumonia in one patient 
(the latter three events were considered infectious). 
All occurred in patients receiving open-label treat-
ment, and all resolved without sequelae. Longer-
term data are needed to fully assess the safety 
profile of etanercept in this patient population. 

In children and adolescents with polyarticular ju-
venile rheumatoid arthritis who received etaner-
cept treatment (0.4 mg per kilogram twice weekly) 
for up to 8 years, the rates of serious adverse 
events did not increase with long-term exposure 
to etanercept.29,30

This randomized, placebo-controlled trial dem-
onstrated that etanercept was effective in children 
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Figure 4. Photographs Showing Responses to Treatment.

Patient 1 (age, 6 years) is shown at baseline (psoriasis area-and-severity  
index [PASI] score, 21.6) in Panel A and at week 4 (PASI score, 7.6) in  
Panel B; Patient 2 (age, 10 years) is shown at baseline (PASI score, 35.2)  
in Panel C and at week 12 (PASI score, 1.0) in Panel D. PASI scores range 
from 0 to 72, with higher scores indicating worse condition.
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Summary

Background Adalimumab (ADA) (Humira!, AbbVie Inc., U.S.A.) is approved by the
European Medicines Agency for children aged ≥ 4 years with severe plaque psoriasis.
Objectives To evaluate the long-term efficacy and safety of ADA in children with
severe plaque psoriasis.
Methods Results are presented from the 52-week long-term extension (LTE) of the
randomized, double-blind, double-dummy, phase III trial, in children with sev-
ere plaque psoriasis (results from prior periods have been published). Patients
aged ≥ 4 and < 18 years were randomized 1 : 1 : 1 to ADA 0!8 mg kg"1 (40
mg maximum) or 0!4 mg kg"1 (20 mg maximum) every other week or to
methotrexate (MTX) 0!1–0!4 mg kg"1 (25 mg maximum) weekly. The 16-week
initial treatment (IT) period was followed by a 36-week withdrawal period and a
16-week retreatment period. Patients could enter the LTE at prespecified time
points to receive ADA 0!8 mg kg"1 (blinded or open label) or ADA 0!4 mg kg"1

(blinded), or to remain off treatment. Efficacy is reported for patient groups
according to doses received in the IT and LTE periods.
Results Of the 114 patients randomized in the IT period, 108 entered the LTE
(n = 36 in each group); 93 received ADA 0!8 mg kg"1. Efficacy (≥ 75%
improvement from baseline in Psoriasis Area and Severity Index) was maintained
or improved from entry to the end of the LTE: MTX(IT)/ADA 0!8(LTE) 31–86%
of patients; ADA 0!4(IT)/0!4 or 0!8(LTE) 28–47%; ADA 0!8(IT)/0!8(LTE) 50–
72%. No serious infections occurred in the LTE.
Conclusions After 52 weeks of long-term ADA treatment in children aged 4–18 years
with severe plaque psoriasis, disease severity was reduced and maintained or further
improved, as demonstrated by efficacy outcomes. No new safety risks were identified.

What’s already known about this topic?

• The results from the first three periods of this phase III trial in children aged 4–18
years with severe plaque psoriasis suggest that adalimumab is a safe and efficacious
treatment option in this population.

© 2019 The Authors British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2019) 181, pp1177–1189 1177

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

(a)

(b)

(c)

Fig 3. Proportions of patients achieving (a) ≥ 75% improvement in Psoriasis Area and Severity Index (PASI 75), (b) PASI 90 and (c) PASI 100 response
(intention-to-treat population; nonresponder imputation). a0% for PASI 75, 90 and 100 at initial treatment (IT) week 1 for all dose groups and at IT week
4 for methotrexate (MTX); 0% for PASI 100 at IT week 4 for adalimumab (ADA) 0!4 mg kg"1, and at IT weeks 8 and 11 for MTX. Statistically significant
at ***P= 0!001, **P= 0!01, *P= 0!05 levels for MTX vs. ADA 0!4 mg kg"1 or MTX vs. ADA 0!8 mg kg"1 dosage in the IT period. Efficacy groups in the
long-term extension (LTE) are defined based on the initial randomization assignment in the IT period and on the dose received in the LTE.

© 2019 The Authors British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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A;er 52 weeks of long-term ADA treatment in children 
aged 4–18 years with severe plaque psoriasis, disease 
severity was reduced and maintained or further 
improved, as demonstrated by efficacy outcomes.
No new safety risks were idenLfied. 
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(IQR 13!5–29!5%, range 11–73%), and the median PASI was
16!1 (IQR 13!7–19!8, range 4–53). All patients had PGA
scores indicative of moderate (66%), marked (32%) or severe
(2%) psoriasis. Prior treatment for psoriasis included topical
agents for 98%, phototherapy for 34%, conventional systemic
treatment for 18% and biologic agents for 5% of patients.

Efficacy and health-related quality of life

At week 12, 34 patients (77%, 95% CI 62!2–88!5%) achieved
the primary endpoint of PGA 0/1 response (Figure 1d). The
major secondary endpoints of PASI 75 and PASI 90 were
achieved by 37 patients (84%, 95% CI 69!9–93!4%) and 28
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Figure 1 Proportions of patients (95% confidence interval, CI) achieving ≥ 75% improvement in (a) Psoriasis Area and Severity Index (PASI 75),
(b) PASI 90, (c) PASI 100, (d) Physician’s Global Assessment (PGA) 0 (cleared) or 1 (minimal), and (e) PGA 0 over time through week 52.
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Summary

Background Limited options are available for treatment of paediatric psoriasis.
Objectives To evaluate the efficacy and safety of ustekinumab in paediatric patients
with psoriasis (≥ 6 to < 12 years of age).
Methods CADMUS Jr, a phase III, open-label, single-arm, multicentre study, evalu-
ated ustekinumab in paediatric patients with moderate-to-severe plaque psoriasis.
Patients received weight-based dosing of ustekinumab (< 60 kg: 0!75 mg kg"1;
≥ 60 to ≤ 100 kg: 45 mg; > 100 kg: 90 mg) administered by subcutaneous
injection at weeks 0 and 4, then every 12 weeks through week 40. Study end-
points (all at week 12) included the proportions of patients achieving a Physi-
cian’s Global Assessment score of cleared/minimal (PGA 0/1) and ≥ 75%/90%
improvement in Psoriasis Area and Severity Index (PASI 75/90), and change in
Children’s Dermatology Life Quality Index (CDLQI). Serum ustekinumab concen-
trations, antidrug antibodies and cytokine levels were measured through week
52. Safety was evaluated through week 56.
Results In total, 44 patients (median age 9!5 years) received at least one dose of ustek-
inumab. Three patients discontinued the study agent through week 40. At week 12,
77% of patients achieved PGA 0/1, 84% achieved PASI 75 and 64% achieved PASI 90
response. The mean change in CDLQI was "6!3. Trough serum ustekinumab con-
centrations reached steady state at weeks 28–52. The incidence of antidrug antibod-
ies was 10% (n = 4). Mean serum concentrations of interleukin-17A/F and
interleukin-22 were significantly reduced at weeks 12 and 52. Overall, 34 patients
(77%) had at least one adverse event and three (7%) had a serious adverse event.
Conclusions Ustekinumab effectively treated moderate-to-severe psoriasis in paedi-
atric patients, and no new safety concerns were identified.

What is already known about this topic?

• Ustekinumab is approved for use in adolescents (≥ 12 to < 18 years of age) and
adults (≥ 18 years) with moderate-to-severe psoriasis.

© 2020 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists
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Secukinumab demonstrates high efficacy and a favourable
safety profile in paediatric patients with severe chronic
plaque psoriasis: 52-week results from a Phase 3
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Abstract
Background Secukinumab has demonstrated sustained long-term efficacy with a favourable safety profile in various
psoriatic disease manifestations in adults.
Objectives Here, the efficacy and safety of two secukinumab dosing regimens [low dose (LD) and high dose (HD)] in
paediatric patients with severe chronic plaque psoriasis over one year are reported.
Methods In this multicentre, double-blind study (NCT02471144), patients aged 6 to <18 years with severe chronic pla-
que psoriasis were stratified and randomized by weight (<25 kg, 25 to <50 kg, ≥50 kg) and age (6 to <12 years, 12 to
<18 years) to receive low-dose (LD: 75/75/150 mg) or high-dose (HD: 75/150/300 mg) subcutaneous secukinumab or
placebo or etanercept 0.8 mg/kg (up to a max of 50 mg).
Results Overall, 162 patients were randomized to receive secukinumab LD (n = 40) or HD (n = 40), etanercept (n = 41)
or placebo (n = 41). The co-primary objectives of the study were met with both secukinumab doses (LD and HD) show-
ing superior efficacy compared to placebo (P < 0.0001) with respect to PASI 75 response (80.0%, 77.5% vs. 14.6%) and
IGA mod 2011, 0 or 1 response (70%, 60% vs. 4.9%) at Week 12. Both secukinumab doses were superior to placebo
(P < 0.0001) with respect to PASI 90 response at Week 12 (72.5%, 67.5% vs. 2.4%). The efficacy of both doses was
sustained to Week 52 with secukinumab achieving higher responses vs. etanercept (PASI 75/90/100: LD, 87.5%/75.0%/
40.0% and HD, 87.5%/80.0%/47.5.% vs. etanercept, 68.3%/51.2%/22.0% and IGA 0 or 1: LD, 72.5% and HD, 75.0%
vs. etanercept, 56.1%). The safety profile of secukinumab was consistent with the adult Phase 3 studies, with no new
safety signals identified.
Conclusions Both doses of secukinumab demonstrated high and sustained efficacy up to Week 52 with a favourable
safety profile in paediatric patients with severe chronic plaque psoriasis.
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related to the study medication reported up to Week 52 was

higher in the etanercept group (14 patients, 34.1%) com-

pared to ‘any secukinumab LD’ group (13 patients, 23.2%)

and comparable with the ‘any secukinumab HD’ group (19

patients, 32.8%). No deaths were reported up to the Week

52 data cut-off. Overall, non-fatal SAEs and AEs leading to

treatment discontinuation up to Week 52 were infrequent

and occurred at similar frequency across groups (Table S3,

Supporting Information). During the 12-week induction per-

iod, 7 patients presented with injection site reactions. Two

(2.5%) patients in ‘any secukinumab’ dose group [2 (5%)

patients in the secukinumab LD group, none in the secuk-

inumab HD group], 3 (7.3%) patients in the etanercept

group and 2 (4.9%) patients in the placebo group. All

patients reported one unique event, except one etanercept

patient reporting injection site pain at five visits (Week 1, 2,

***P<0.0001; *P<0.05

4.9
14.6

2.4 0.0

70.0
80.0

72.5

30.0

60.0

77.5
67.5

27.5
34.1

63.4

29.3

17.1

0

20

40

60

80

100

IGA mod 2011 0/1 PASI 75 PASI 90 PASI 100

Re
sp

on
de

rs
 (%

)

***
***

***
***

*
*

***
***

*
*

PBO
SEC LD
SEC HD
ETN

Figure 3 IGA mod 2011 0/1 and PASI responses at Week 12 (NRI with extended analysis visit window). ETN, etanercept; HD, high dose;
IGA mod 2011, Investigator’s Global Assessment Modified 2011; LD, low dose; NRI, non-responder imputation; PASI, Psoriasis Area and
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Summary

Background Plaque psoriasis affects children and adults, but treatment options for
paediatric psoriasis are limited.
Objectives To evaluate the efficacy and safety of ixekizumab (IXE), a high-affinity
monoclonal antibody that selectively targets interleukin-17A, for moderate-to-
severe paediatric psoriasis.
Methods In a randomized, double-blind, placebo-controlled, phase III study
(IXORA-PEDS), patients aged 6 to < 18 years with moderate-to-severe plaque
psoriasis were randomized 2 : 1 to weight-based dosing of IXE every 4 weeks
(IXE Q4W, n = 115) or placebo (n = 56) through week 12, followed by open-
label IXE Q4W. Coprimary endpoints were the proportions of patients at week
12 achieving ≥ 75% improvement in Psoriasis Area and Severity Index (PASI 75)
and those achieving a static Physician’s Global Assessment score of 0 or 1 (sPGA
0,1).
Results IXE was superior (P < 0!001) to placebo for both coprimary endpoints of
PASI 75 (IXE Q4W, 89%; placebo, 25%) and sPGA (0,1) (IXE Q4W, 81%; pla-
cebo, 11%). IXE was also superior for all gated secondary endpoints, including
PASI 75 and sPGA (0,1) at week 4, improvement in itch, and complete skin
clearance. IXE Q4W provided significant (P < 0!001) improvements vs. placebo
in quality of life and clearance of scalp and genital psoriasis. Responses at week
12 were sustained or further improved through week 48. Through week 12,
45% (placebo) and 56% (IXE) of patients reported treatment-emergent adverse
events. One serious adverse event was reported (IXE), one patient discontinued
due to an adverse event (placebo) and no deaths were reported.
Conclusions IXE was superior to placebo in the treatment of moderate-to-severe
paediatric psoriasis, and the safety profile was generally consistent with that
observed in adults.

© 2020 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists
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week 60. Placebo responses in IXORA-PEDS were greater than
those observed in adults in the UNCOVER studies. At week
12, PASI 75 was achieved by 25% of paediatric patients
receiving placebo in IXORA-PEDS, compared with 3!9%
(UNCOVER-1), 2!4% (UNCOVER-2) and 7!3% (UNCOVER-3)
in adult patients.10,11 These findings are consistent with con-
clusions from reviews and meta-analyses of clinical trials, in
which placebo response rates in paediatric populations are
generally higher than in adult populations.12 The placebo
effect observed in IXORA-PEDS was considerably lower for

more stringent endpoints such as PASI 90 (5%) and PASI 100
(2%) at week 12, which was similar to placebo responses
observed in adults (PASI 90: UNCOVER-1, 0!5%; UNCOVER-
2, 0!6%; UNCOVER-3, 3!1%; PASI 100: UNCOVER-1, 0%;
UNCOVER-2, 0!6%; UNCOVER-3, 0%).10,11

IXE was recently approved by the FDA for moderate-to-
severe psoriasis in patients aged ≥ 6 years and is the first
biologic therapy approved for paediatric psoriasis that targets
IL-17A. Other biologic therapies approved for paediatric
psoriasis include two tumour necrosis factor inhibitors
(etanercept and adalimumab) and the IL-12/23 antagonist,

(a) (b)

(c) (d)

Figure 3 Proportions of patients achieving (a) ≥ 90% improvement in Psoriasis Area and Severity Index (PASI 90); (b) static Physician’s Global
Assessment score of 0 [sPGA (0)]; (c) PASI 100 and (d) ≥ 4-point improvement from baseline in itch numerical rating scale (Itch NRS) for up to
48 weeks of treatment with ixekizumab (nonresponder imputation). Ixekizumab vs. placebo P-values during the 12-week double-blind treatment
period are indicated as †P < 0!01, ‡P < 0!001. Error bars indicate 95% confidence intervals. Analyses of PASI 90, sPGA (0), PASI 100 and Itch
NRS ≥ 4 at week 12 (gated secondary endpoints) were included in the gated multiple testing strategy. Analyses at other timepoints were not
adjusted for multiplicity.

Table 3 Efficacy outcomes at week 12 in patients with severe psoriasis in etanercept-approved countries

Placebo (n = 19) ETN (n = 30) IXE Q4W (n = 38)
IXE Q4W vs. ETN

Response Response Response P-value Difference IXE vs. ETN (95% CI)

PASI 75 5 (26) 19 (63) 32 (84) 0!089 20!9% (0!1–41!7)
PASI 90 0 12 (40) 29 (76) 0!003 36!3% (14!2–58!5)
PASI 100 0 5 (17) 23 (61) < 0!001 43!9% (23!4–64!3)
sPGA 0 or 1 1 (5) 16 (53) 29 (76) 0!070 23!0% (0!6–45!4)
sPGA 0 0 5 (17) 24 (63) < 0!001 46!5% (26!2–66!8)

Values are presented as the number of responders (%). Fisher’s exact test with nonresponder imputation was used to handle missing data.
CI, confidence interval; ETN, etanercept; IXE, ixekizumab; PASI, Psoriasis Area and Severity Index; Q4W, every 4 weeks; sPGA, static Physi-
cian’s Global Assessment.
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What is already known about this topic?

• Paediatric psoriasis affects approximately 1% of children and can negatively impact
health-related quality of life.

• Treatment options for paediatric psoriasis are typically limited to off-label treat-
ments and approved systemic biologics.

• Ixekizumab, a high-affinity monoclonal antibody that selectively targets inter-
leukin-17A, is approved for moderate-to-severe plaque psoriasis in adults and was
recently approved by the US Food and Drug Administration for moderate-to-severe
paediatric psoriasis.

What does this study add?

• Ixekizumab resulted in rapid and statistically significant improvements over placebo
in skin involvement, itch and health-related quality of life, which persisted through
48 weeks of treatment in paediatric patients with moderate-to-severe plaque psori-
asis.

• The safety profile of ixekizumab was generally consistent with that seen in adults.

• Ixekizumab may be an additional potential therapeutic option and an additional
class of biologic therapy (interleukin-17A antagonist) for the treatment of moder-
ate-to-severe paediatric psoriasis.

Paediatric plaque psoriasis affects approximately 1% of chil-
dren and adolescents, and is estimated to occur first before 20
years of age in 35–50% of adults with plaque psoriasis.1–3

Paediatric psoriasis can be associated with reduced quality of
life and a higher incidence of multiple comorbidities, includ-
ing psoriatic arthritis, obesity, diabetes, Crohn’s disease, ulcer-
ative colitis and psychiatric comorbidities.4 Thus, early
recognition and treatment of paediatric psoriasis are important
for overall health and quality of life.
As there have been few clinical studies of paediatric psoria-

sis, treatment options are limited and often used off-label.
Topical therapies comprise first-line treatment, followed by
phototherapy for moderate-to-severe paediatric psoriasis.5 Sys-
temic treatments are recommended for moderate-to-severe
paediatric psoriasis recalcitrant to topical therapies.5,6 Nonbio-
logic systemic treatments such as methotrexate or ciclosporin
are used, but they may not be well tolerated or provide ade-
quate efficacy.5,6

Ixekizumab (IXE) is a high-affinity monoclonal antibody
that selectively targets interleukin-(IL)-17A. The objective of
this study was to evaluate the efficacy and safety of IXE for
moderate-to-severe plaque psoriasis in paediatric patients
aged 6 to < 18 years. Prior to the current study, two
tumour necrosis factor inhibitors (etanercept and adali-
mumab) and one IL-12/23 antagonist (ustekinumab) were
approved for paediatric psoriasis.7 Based on the findings
from this study, IXE was recently approved by the US Food
and Drug Administration (FDA) for moderate-to-severe pae-
diatric psoriasis in addition to previously approved indica-
tions for adult patients with moderate-to-severe

plaque psoriasis, active psoriatic arthritis and ankylosing
spondylitis.

Patients and methods

Patients

Study participants were 6 to < 18 years of age and had mod-
erate-to-severe plaque psoriasis, defined as Psoriasis Area and
Severity Index (PASI) ≥ 12, static Physician’s Global Assess-
ment (sPGA) ≥ 3 and psoriasis-affected body surface area ≥
10% at screening and baseline. They were also candidates for
phototherapy or systemic therapy or their psoriasis was not
adequately controlled by topical therapies as determined by
the investigator. Patients with pustular, erythrodermic and/or
guttate forms of plaque psoriasis or drug-induced psoriasis, or
with clinical and/or laboratory evidence of untreated latent or
active tuberculosis were excluded. Appendix S2 (see Support-
ing Information) provides complete eligibility criteria.

Study design

IXORA-PEDS is a 108-week multicentre, double-blind, ran-
domized, placebo-controlled, phase III study examining the
efficacy and safety of IXE vs. placebo in paediatric patients
with moderate-to-severe plaque psoriasis. During a 12-week
double-blind treatment period, patients were randomized
2 : 1 to subcutaneous IXE every 4 weeks (Q4W) or placebo,
administered according to baseline weight categories of > 50
kg, 25–50 kg and < 25 kg (Table S1; see Supporting
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• 58 consecutive patients (27 males, 31 females).
• Median age at the start of the first systemic treatment: 11.7 y (± 3.7).
• Most preferred first line systemic treatment:

• cyclosporine (53.4% of patients)
• acitretin (22.4% of patients)
• etanercept and PUVA respectively (8.6%)
• methotrexate (6.8%).

• 48.2% of patients received a second systemic treatment due to inefficacy or side effects of the first 
line therapy. 

Terapia sistemica: esperienza italiana
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Table 1 Patients age of commencement of each systemic agent

Mean age (SD)

All systemic therapies (n=92) 11.7 (± 3.7)
Cyclosporin (n=38) 12.3 (±3.7)
Acitretin (n=18) 9.0 (±3.4)
Methotrexate (n=13) 12.4 (±3.3)
Etanercept (n=15) 13.6 (±2.9)
PUVA (n=8) 15.00 (±1.6)

Table  2 Dermatologist  preferences  for  first  and second line  therapy of  moderate  to

severe childhood psoriasis.

Drug First-line n=58 Second-line n=28
Cyclosporin 31 (53.4%) 9 (32.1%)
Acitretin 13 (22.4%) 5 (17.8%)
Methotrexate 4 (6.8%) 6 (21.4%)
Etanercept 5 (8.6%) 8 (28.5%)
PUVA 5 (8.6%) 0

Tab. 3 Reasons for discontinuity  of treatments (%)

Clinical

remission *

Ineffectiveness Side Effects Other 

Cyclosporin (n=38) 39.4% 39.4% 21.0% 0
Acitretin (n=18) 44.4% 44.4 % 5.5% 5.5%
Methotrexate (n=13) 7.6% (30.7%) 46.1 % 7.6% 7.6%
Etanercept (n=15) 33.3 % (20%) 46.6 % 0 0
PUVA (n=8) 25.0% 75.0% 0 0

1 
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*In parentheses the percentages of patients who never suspended the treatment, and that

were still responding and under treatment at  the time of data cutoff. 
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82 children (mean age: 9.1 years; females: 61.0%) received 106 treatments. The drugs administered were 
adalimumab (n=49), etanercept (n=37), ustekinumab (n=15), anakinra (n=2), infliximab (n=2), and 
secukinumab (n=1). 

Five biological drugs are now licensed for use in children: two anL-tumour necrosis factor (TNF) alpha 
agents (adalimumab and etanercept), an anL-interleukin 12-23 agent (ustekinumab), and two anL-
interleukin 17 agents (secukinumab and ixekizumab). These agents are licensed for use in children aged 6 
years or above, except for adalimumab, which can be used from the age of 4 years. However, prior to 
2020, only the two anL-TNF alpha agents were authorized for use in children under 12 years. 
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Table 4  Effectiveness of first-line adalimumab, etanercept, and ustekinumab therapy after 3 (± 1) months of treatment 

Severity assessment 

Adalimumab  

(n=37) 

Etanercept  

(n=33) 

Ustekinumab  

(n=10) 

p-values a Baseline M3 Baseline M3 Baseline M3 

PGA         

Mean ± SD   3.8 ± 0.8 7 1.2 ± 1.1 12 3.7 ± 0.9 13 2.2 ± 1.3 17 3.6 ± 0.9 1 1.8 ± 1.3 2 ADA: < 0.0001; ETC: 0.0005;  

UST: 0.006 

PGA=0-1, n (%) 0 (0) 7 18 (72.0) 12 1 (5.0) 13 5 (31.2) 17 0 (0) 1 3 (37.5) 2 M3: 0.02 

PASI         

Mean ± SD  * 14.1 ± 9.4 15 4.1 ± 11.3 18 14.9 ± 9.3 16 5.1 ± 4.0 24 11.6 ± 8.3 0 2.6 ± 2.2 1 ADA: 0.001; ETC: 0.002;  

UST: 0.007 

PASI 50, n (%) - 13 (76.5) 20 - 5 (62.5) 25 - 7 (77.8) 1 NS 

PASI 75, n (%) - 11 (64.7) 20 - 3 (37.5) 25  4 (44.4) 1 NS 

PASI 90, n (%)  6 (35.3) 20  0 (0) 25  1 (11.1) 1 NS 

ADA: adalimumab; ETC: etanercept; UST: ustekinumab; PGA: physician global assessment; PASI: Psoriasis Area Severity Index; PASI 50/75/90: reduction of 

50%/75%/90%or more in PASI scores between baseline and M3; M3: evaluation after 3 (± 1) months of treatment. NS: not significant. Superscript: missing data (including 

all psoriasis phenotypes).  
a Comparisons between means were performed for PGA and PASI scores between baseline and M3. Comparisons of frequencies (%) were performed between adalimumab, 

etanercept and ustekinumab.
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1a  

 1b  

Fig. 1  Kaplan–Meier curves of 2-year drug survival (1a) for the three most frequently prescribed biological 

agents, adalimumab, etanercept and ustekinumab; and (1b) for adalimumab when it was prescribed as a first-line 

biological therapy (Line 1) versus when it was prescribed as a second-line or third-line biological therapy (Line 

2/3), 
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Table 5  Serious adverse events  

Biotherapy Adverse event Causative link 

Discontinuation of 

treatment Outcome 

Adalimumab Severe urticaria Probable Yes Favourable 

Adalimumab a Flu, hospitalized Probable No Favourable 

Adalimumab a Body weight gain + 15kg in 6 months Probable Yes No body weight loss after 

discontinuation 

Adalimumab Acute renal failure Unlikely Yes Favourable 

Etanercept  Parotiditis Probable No Favourable 

Etanercept Recurrent infections Probable Yes Favourable 

Anakinra Staphylococcus aureus bacteraemia Probable  No  Favourable 

a Cases previously reported in the BiPe cohort publication [14]. 
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- 15 anni

- Precedente TP: CsA, UVBTL01 (peggiorata)



12° settimana di TP con adalimumab



18 mesi di TP con adalimumab



Psoriasi e terapie :
passato, presente e futuro
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Theme issue: Psoriasis

to appropriate care; the cost of under-treatment to the 
individual and to society remains and is considerable (4).

This review outlines the major treatments used for 
psoriasis over the past 100 years, focusing on important 
milestones through the decades. It illustrates a shift in 
approach from serendipity to science, as modern-day 
drug development is based on targeting key effector 
molecules in psoriasis, and a shift to a whole patient 
approach to care.

1920’s 

Even a hundred years ago, a variety of treatments, both 
systemic and topical, were available for psoriasis and 
salicylic acid, coal tar and dithranol preparations were 
all in use. Fig. 1 illustrates those therapies which were 
available 100 years ago and tracks major therapeutic 
developments to the present day.

In the 19th century, arsenic became established as 
a popular treatment for psoriasis. It was trialled for a 
variety of dermatological conditions but appeared to be 
most effective for psoriasis. It was taken orally or app-
lied topically – and even added to spa water. A narrow 
therapeutic range meant it was usually ineffective at low 
doses, and high doses were associated with clinically 
significant ocular and gastrointestinal tract disturbances 
(5). With more widespread prescription, the adverse ef-
fects associated with chronic use became more apparent. 
Cutaneous adverse effects including hyperpigmentation, 
keratotic and cancerous growths were noted towards the 
end of the 19th century but it continued to be used to treat 
psoriasis during the first half of the 20th century. Today, 
arsenic toxicity is well recognised (6). 

Balmanno Squire first described the use of Goa powder 
(chrysarobin), a forerunner of dithranol (anthralin), for 
the treatment of psoriasis and published this in the British 
Medical Journal in 1876 (7). Produced from the araroba 

tree in Brazil, Goa powder had been used for centuries 
to treat fungal infections. Squire used Goa powder for a 
patient with psoriasis who he thought had tinea corporis; 
the psoriasis cleared prompting his accidental discovery 
of it as an effective treatment for the condition. Importing 
this product from Brazil to Europe became difficult during 
World War 1; in 1916, a synthetic version known as cig-
nolin or dithranol was synthesized which seemed more 
efficacious than the natural variant. There is a correlation 
between efficacy and side-effects of irritancy and disco-
loration of skin, nails, clothes. In 1953, Ingram suggested 
using dithranol as a photosensitiser with ultraviolet-B 
radiation (UV-B) (8). The use of short contact dithra-
nol became popular in the early 1980’s. This involves 
applying a concentrated version of dithranol which is 
washed off after a few minutes and so is more practical 
and acceptable for patients. Nowadays dithranol is used 
only rarely by outpatients with most cases being treated 
in day treatment centers or as inpatients.

X-rays were first used to treat psoriasis at the begin-
ning of the 20th century. Carcinogenic and other side 
effects became apparant over time, and so this method 
was phased out by the 1950’s (3, 9). The beneficial 
effects of heliotherapy in treating psoriasis were first 
reported in 1923 (10), although patients had been aware, 
for centuries, that sunlight improves their psoriasis. In 
1925, Goeckerman used a high-pressure mercury lamp to 
produce artificial broadband UV-B and demonstrated that 
the effect of UV-B was enhanced with prior application 
of crude coaltar as a photosensitiser (11).

1950’s 

Corticosteroids were discovered in 1950 and two years 
later, the first report of a topical steroid (17 hydroxycor-
ticosterone-21-acetate) used to treat two patients with 
psoriasis was published; it did not have any noticeable 

Fig. 1. Advances in the treatment of psoriasis over the past century. This timeline illustrates the major pharmacological advances which have 
occurred in the management of psoriasis over the past 100 years. It also speculates as to what may be the important therapies in the near future. IL: 
interleukin; PDE: phosphodiesterase; PUVA: psoralen plus ultraviolet (UV)-A; TNFα: tumour necrosis factor alpha; TYK: tyrosine kinase; JAK: janus kinase.
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Dermatite atopica
La DA ha una prevalenza del 2-5% nella 
popolazione generale e fino al 10-20% 
nei bambini. L'incidenza è massima nei 
primi anni di vita: il 60% dei pazienti 
presenta le prime manifestazioni nei 
primi 2 anni di vita e l'85% nei primi 5 
anni di vita.
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Abstract 
Currently, there are a few detailed guidelines on the overall management of children and adolescents with moderate-
severe atopic dermatitis. AD   is a complex disease presenting with different clinical phenotypes, which require an 
individualized and multidisciplinary approach. Therefore, appropriate interaction between primary care pediatricians, 
pediatric allergists, and pediatric dermatologists is crucial to finding the best management strategy. In this manu-
script, members of the Italian Society of Pediatric Allergology and Immunology (SIAIP), the Italian Society of Pediatric 
Dermatology (SIDerP), and the Italian Society of Pediatrics (SIP) with expertise in the management of moderate-severe 
atopic dermatitis have reviewed the latest scientific evidence in the field. This narrative review aims to define a path-
way to appropriately managing children and adolescents with moderate-severe atopic dermatitis.
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Introduction
Atopic dermatitis (AD) represents the most frequent 
chronic inflammatory skin disease in pediatric age with 
an estimated between 16 and 20%. The health and social 
costs of the disease are relevant not only for the com-
plexity of pharmacological treatments, but also for the 
very frequent complications, for the strong impact on 
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Tacrolimus ointment

• children aged <2 years
• 0.03%: 2- <16 years;
• 0.1%: ≥ 16 years.
• The use in this age group is off-

label, but with various studies 
supporting the safety of use at 
age <2 years. 
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MTX e DA

MTX appears to have a slow response (8-12 weeks) but is maintained over the long term.
The recommended therapeutic dose in children is between 0.2 and 0.5 mg/ kg/week (maximum 25 
mg/week) and the duration of treatment is 10–16 weeks.
The drug can be increased by 2.5–5 mg/week and decreased by 2.5 mg/week, up to the lowest 
effective dose.

In conclusion, the off-label use of MTX can be considered as a second-line systemic treatment 
option, in particular when prolonged treatment is needed. 
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Fototerapia e DA

Phototherapy is indicated as a second-choice 
therapy for moderate and/or relapsing forms of AD 
not responsive to TCSs and/or TCIs. This treatment, 
used in both adults and children (typically> 12 
years of age), induces improvement in skin lesions, 
pruritus, and sleep (Strength of recommendation B 
and level II of evidence). 
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Barrier Disruption is Common Across Multiple Type 2 
Inflammatory Diseases with Underlying Type 2 Inflammation 

IL=interleukin.
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Un anDcorpo monoclonale interamente umano che 

agisce contro il rece@ore alfa dell’interleuchina (IL)-4 

provocando la doppia inibizione: inibisce la 

trasmissione sia del segnale di IL-4 che IL-13

Terapia: Dupilimab
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VALUTAZIONE DELL’INNOVATIVITA’ 
 

 
Medicinale: Dupixent® (dupilumab) 

 
Indicazione autorizzata EMA: Dupixent® è indicato per il trattamento della dermatite atopica grave nei 
bambini di età compresa tra 6 e 11 anni eleggibili per la terapia sistemica. 

 
La presente valutazione dell’innovatività si riferisce all’indicazione pediatrica: pazienti adolescenti di età pari 
o superiore ai 6 anni (< 12 anni) con dermatite atopica (DA) grave eleggibili alla terapia sistemica per risposta 
inadeguata (non responder: malattia non adeguatamente controllata) o intolleranza/controindicazione alle 
terapie topiche. In particolare l'indicazione per la quale è stata richiesto il riconoscimento dell'innovatività è 
l'indicazione proposta per l'ammissione alla rimborsabilità, come di seguito riportato. 

 
Indicazione oggetto di richiesta di riconoscimento dell’innovatività: 
Pazienti adolescenti di età compresa tra i 6 e 11 anni con dermatite atopica grave eleggibili per la terapia 
sistemica, che presentano: 

 
• EASI≥24 

 
oppure una delle seguenti caratteristiche: 

 
1. Localizzazione in zone visibili e/o sensibili quali: viso/collo e/o mani e/o genitali; 

 
2. Valutazione del prurito con scala NRS≥7; 

 
3. Valutazione della qualità della vita con indice CDLQI≥10. 

 

BISOGNO TERAPEUTICO 

MASSIMO Assenza di opzioni terapeutiche per la specifica indicazione. O 
IMPORTANTE Presenza di alternative terapeutiche per la specifica indicazione, ma che non 

producono impatto su esiti clinicamente rilevanti e validati per la patologia in 
oggetto. 

× 

MODERATO Presenza di alternative terapeutiche per la specifica indicazione con impatto 
valutabile come limitato su esiti riconosciuti come clinicamente rilevanti e/o con un 
profilo di sicurezza incerto o non del tutto soddisfacente. 

O 

SCARSO Presenza di una o più alternative terapeutiche per la specifica indicazione con 
impatto valutabile come elevato su esiti riconosciuti come clinicamente rilevanti e 
con un profilo di sicurezza favorevole. 

O 

ASSENTE Presenza di alternative terapeutiche per la specifica indicazione in grado di 
modificare la storia naturale della malattia e con un profilo di sicurezza favorevole. 

O 

Commento: lo spettro di alternative terapeutiche utilizzate comunemente nella pratica clinica per il 
trattamento della dermatite atopica (DA) pediatrica nel setting d'interesse (pazienti pediatrici di età ≥ 6 e < 
12 anni con DA grave eleggibili per la terapia sistemica, con risposta 
inadeguata/intolleranza/controindicazione al trattamento con le terapie topiche disponibili, quali 
corticosteroidi e inibitori della calcineurina per uso topico [TCS o TCI]), comprende la terapia farmacologica 
con i corticosteroidi (CS) e gli immunosoppressori non steroidei sistemici e la fototerapia con raggi UVB a 
banda stretta (nbUVB) o con raggi UVA1. Quest'ultima rappresenta un'opzione alternativa alla terapia 

www.aifa.gov.it

Commento: lo speWro di alternaXve terapeuXche uXlizzate comunemente nella praXca clinica 
per il traWamento della dermaXte atopica (DA) pediatrica nel seYng d'interesse (pazien: 
pediatrici di età ≥ 6 e < 12 anni con DA grave eleggibili per la terapia sistemica, con risposta 
inadeguata/intolleranza/controindicazione al traWamento con le terapie topiche disponibili, 
quali corXcosteroidi e inibitori della calcineurina per uso topico [TCS o TCI]), comprende la 
terapia farmacologica con i corXcosteroidi (CS) e gli immunosoppressori non steroidei sistemici 
e la fototerapia con raggi UVB a banda streWa (nbUVB) o con raggi UVA1. Quest'ulXma 
rappresenta un'opzione alternaXva alla terapia sistemica, sebbene l'uXlizzo a lungo termine (> 4 
mesi per ciclo) sia sconsigliato dalle principali Linee Guida per il potenziale rischio cancerogeno 
cutaneo, tuWavia non supportato da evidenze in leWeratura, in via cautelaXva. Le terapie 
farmacologiche sistemiche ad oggi disponibili che si posizionano in alternaXva a Dupixent nella 
stessa linea di traWamento per le forme severe di DA nei bambini di età 6-11 anni, presentano 
anche importanX limitazioni: un elevato rischio di effeY avversi che non consentono 
l'aWuazione di una terapia a lungo termine come la patologia cronico-recidivante richiede; 
un'efficacia limitata solo nel controllare i sintomi, traWare in fase acuta o prevenire le 
riacuXzzazioni, ma non in grado di fornire un controllo prolungato adeguato dei segni e sintomi 
della malaYa; daX da studi clinici randomizzaX e controllaX limitaX a supporto del profilo di 
efficacia e sicurezza e del loro uso nella praXca clinica. In parXcolare i CS sistemici sono indica: 
per il traHamento a breve termine, in fase acuta e in casi seleziona:, di severe esacerbazioni. 
La terapia a lungo termine non è raccomandata nei pazienX pediatrici e negli adolescenX, in 
considerazione della delicata fase di crescita in cui si trovano i pazienX in questa fascia di età, 
per i potenziali effeY avversi associaX all'uXlizzo cronico, tra cui la soppressione dell'asse 
ipotalamo- ipofisi-surrene, l’interferenza con lo sviluppo puberale e struWurale, la sindrome di 
Cushing, il ritardo nella crescita, l’obesità, l’iperglicemia, l’ipertricosi, nonchè per evitare il 
rischio di un effeWo rebound che consegue l'interruzione del traWamento con severe 
riacuXzzazioni della malaYa. Altre terapie immunosoppressive sistemiche, come la 
ciclosporina (CsA), il metotrexato (MTX), l'aza:orina (AZA) e il micofenolato mofe:le (MMF) 
sono u:lizzate off-label. 



History of approvals of dupilumab for atopic derma44s by interna4onal regulatory 
agencies 
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does not recommend the use of phototherapy in chil-
dren under the age of 12 due to potential long-term side 
effects, although it is not contraindicated in children and 
properly selected cases [45].

Home phototherapy is little used in AD and the data 
available refer to the treatment of psoriasis. Cameron 
et al. [196] reported observations from a 13-year follow-
up to a UK home service with NB-UVB and concluded 
that home phototherapy is just as effective as hospital 
phototherapy. However, home phototherapy requires 
motivated patients who adhere to the instructions and 
the supervision of an expert (dermatologist). Home pho-
totherapy can be considered an option for patients in 
whom phototherapy cannot be used in conventional set-
tings [197].

Dupilumab
The main immunological mechanism in AD is an exces-
sive type 2 inflammatory response [8, 9]. Eczematous 
skin lesions have a complex and varied inflammatory pat-
tern but are dominantly characterized by the expression 
of Th2 CD4 + and innate type 2 lymphoid cells (ILC2) 
[45, 64]. The release of alarmins (DAMPs), determined 
primarily by the alteration of the skin barrier, activates 
the resident dendritic cells to promote a type 2 response 
with the release of IL-4 and IL-13 and other Type 2 
cytokines, as chemokines related to thymic activation 
(TARC), TSLP and IL-33. IL-4 and IL-13 can block the 
production of some proteins that contribute to the integ-
rity of the skin barrier. These two cytokines contribute to 
the differentiation of keratinocytes and down-regulate 
the production of filaggrin, loricrin and involucrin, adhe-
sion molecules, antimicrobial peptides (beta-difensins 
and cathelicin LL-37) and ceramides, amplifying the skin 
barrier damage [198]. IL-4, IL-13, TSLP, and IL-33 con-
tribute to pruritus, the predominant symptom of AD. 
The discovery of the IL-4Rα rceptor for IL-4 on afferent 
neurons and the control of pruritus itself through inhi-
bition of the IL-4Rα receptor and JAK, has further rein-
forced the clinical relevance of the interaction between 

Type 2 immune response and neuronal pathways of pru-
ritus [199].

Dupilumab is a human IgG4 monoclonal antibody, with 
molecular weight 147 Kda, directed against the alpha 
subunit of the IL-4 receptor (IL4Rα), an essential subu-
nit for inducing IL-4 and IL-13 signaling. The biological 
function of IL-4 and IL-13 is mediated by the binding of 
two receptor subtypes (IL4R), which share IL-4Rα. The 
type I receptor, IL-4R, composed of the heterodimer 
IL-4Rα / gc, binds exclusively to IL-4 while the type II, 
composed of IL-4Rα / IL-13Rα1, binds both IL-4 and IL- 
13 [199, 200].

The first studies on the clinical use of dupilumab in AD 
were performed in adults. Promising results have been 
reported in phase III, randomized, double-blind regis-
tration studies [201, 202] that evaluated 2119 patients 
aged 18 years or older with moderate to severe AD 
not adequately controlled by topical therapies (SOLO 
1: 671 patients; SOLO 2: 708 patients; CHRONOS 740 
patients). Based on the results observed in these studies, 
dupilumab was approved by the FDA in March 2017 and 
by the EMA in September 2017 for the treatment of adult 
patients with moderate to severe AD who are candidates 
for systemic therapy (Table 7).

In 2020, a Phase 3 study was published in 251 ado-
lescents (12-17 years of age with moderate-severe AD, 
not adequately controlled by topical therapies) which 
also demonstrated the efficacy and safety of dupilumab 
in this age group [203]. The treatment period was 16 
weeks. Three groups were considered: a first group (85 
patients) received placebo; a second group (82 patients) 
received subcutaneous dupilumab every 2 weeks with 
a weight-dependent dose, i.e. 200 mg if baseline weight 
was <60 kg [loading dose of 400 mg (43 patients)] and 
300 mg if baseline weight ≥ 60 kg [loading dose of 600 
mg(39 patients)]; the third group (84 patients) received 
dupilumab 300 mg every 4 weeks (600 mg loading 
dose) [203]. TCSs, TCIs, and crisaborole could be used 
as rescue therapy. Dupilumab showed rapid and sig-
nificant efficacy in reducing signs and symptoms of AD, 

Table 7 History of approvals of dupilumab for atopic dermatitis by international regulatory agencies

a Adult patients with EASI score ≥ 24, for whom cyclosporine therapy is contraindicated, ineffective, or not tolerated. Reimbursement class: H, medicinal product 
subject to restrictive medical prescription, to be renewed from time to time, sold to the public on prescription from hospitals or dermatologist specialists (RNRL)
b Adolescents eligible for systemic therapy without prior use of cyclosporine; medicine subject to a limited medical prescription, to be renewed from time to time, sold 
to the public on prescription from hospitals or specialists - dermatologist, pulmonologist, allergist, otolaryngologist, immunologist and pediatrician (RNRL)
c From 20 December 2022 it is possible to use dupilumab in a reimbursable regime as an innovative non-oncological drug for the treatment of severe AD in children 
aged 6 to 11 eligible for systemic therapy who have an EASI score ≥24 or one of the following characteristics: localization in visible and / or sensitive areas; evaluation 
of pruritus with NRS ≥7 scale; quality of life assessment with CDLQI index ≥10

Approval date FDA EMA AIFA

Adults with moderate to severe AD inadequately controlled March 2017 September 2017 August  2018a

Adolescents 12-17 years, with moderate to severe AD inadequately controlled March 2019 August 2019 November  2020b

Children 6-11 years, with moderate to severe AD inadequately controlled May 2020 October 2020 January  2022c
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repeat immunizations with live and live attenuated vac-
cines, per current immunization guidelines, before treat-
ment with dupilumab [206].

New drugs
Recent advances in the knowledge of the underlying 
mechanisms of AD have contributed to the development 
of new systemic therapies, with high efficacy and safety 
profiles, which target specific molecules involved in the 
pathogenetic pathways of AD. Promising biological ther-
apies with monoclonal antibodies targeting IL-31, IL-13, 
IL-22, JAK and other cytokines are under development. 
[207]. None of the drugs described below are currently 
prescribable for pediatric AD.

IL-31 inhibitors
IL-31 plays a key role in the pathophysiology of AD and 
pruritus. Nemolizumab is a selective monoclonal anti-
body for the IL-31 alpha receptor (IL-31Rα) which inhib-
its the signal of this interleukin [207]. In a recent phase 
2b studies, nemolizumab administered for the treatment 
of moderate to severe AD in adult patients at a dose of 
30 mg every 4 weeks demonstrated significant clinical 
improvement in AD, expressed by a significant reduc-
tion in both EASI and NRS-itch scores, compared to pla-
cebo [208]. The most common side effects reported were: 
exacerbation of dermatitis, nasopharyngitis, respiratory 
tract infections and increased creatinine levels.

IL-13 inhibitors
Lebrikizumab and tralokinumab are monoclonal anti-
bodies that selectively inhibit IL-13.

Lebrikizumab t inhibits the activity of IL-13 by binding 
to the IL-13 receptor α1 (IL-13Rα1) [209]. In a phase 2 
study, lebrikizumab administered in patients with mod-
erate to severe AD at a dose of 250 mg every 2 weeks, 
demonstrated good efficacy results, expressed by a signif-
icant reduction in both the clinical severity of the disease 

(EASI and IGA scores) and the intensity of itching (NRS 
score), compared to placebo [210]. Lebrikizumab demon-
strated a good safety profile and the most common side 
effects were related to injection site skin reactions.

Tralokinumab is an IgG4 monoclonal antibody that 
acts by selectively inhibiting the activity of IL-13, bind-
ing to both the α1 and the α2 receptor of IL-13 [207]. 
Tralokinumab, administered in patients with moderate-
severe AD at a dose of 300 mg every 2 weeks, has shown 
significant efficacy results, leading to a significant reduc-
tion in both the clinical severity of the disease (expressed 
by EASI and IGA score) and the intensity of the pruritus 
(expressed by NRS score), compared to placebo [211]. 
Among its most common side effects are reported res-
piratory tract infections, headache and skin reactions at 
the injection site.

TSLP inhibitors
Tezepelumab is a monoclonal antibody that works by 
selectively inhibiting TSLP. It demonstrated good efficacy 
results, albeit not statistically significant (expressed as 
a 50% reduction in the EASI score from baseline), in the 
treatment of moderate-to-severe AD in adults, at the dose 
of 280 mg every 2 weeks, compared to placebo [212].

OX40 inhibitors
GBR 830 is a monoclonal antibody that acts by inhibiting 
the OX40 receptor in the Th2 pathway. It has shown good 
efficacy results in the treatment of moderate-severe AD 
with two IV administrations of 10 mg/kg every 4 weeks, 
inducing a significant reduction in the thickness of the 
epidermis and expression of specific mRNA-biomarkers 
and a clinical improvement, expressed by the reduction 
of EASI score, compared to placebo [213].

Inhibitors of IL-22
Fezakinumab is a monoclonal antibody that selectively 
inhibits the activity of IL-22, a cytokine that appears 

Table 9 Recommended dose of dupulumab for the treatment of pediatric atopic dermatitis

a The dose may be increased to 200 mg every 2 weeks in patients weighing 15 kg to less than 60 kg based on the physician’s assessment

Adolescents between the ages of 12 and 17

 Bodyweight Starting dose Subsequent doses

 Less than 60 kg 400 mg (two 200 mg injections) 200 mg every 2 weeks

 60 kg or more 600 mg (two 300 mg injections) 300 mg every 2 weeks

Children between the ages of 6 and 11

 Bodyweight Starting dose Subsequent doses

 15 to less than 60 kg 300 mg (one 300 mg injection) on day 1, followed by 
300 mg on day 15

300 mg every 4  weeksa, start-
ing 4 weeks after the day 15 
dose

 60 kg or more 600 mg (two 300 mg injections) 300 mg every 2 weeks



184 ItalIan Journal of Dermatology anD Venereology april 2021 

Italian Journal of Dermatology and Venereology
april 2021
Vol. 156 - no. 2

GU I D E L I N E S

Diagnosis and management of moderate 
to severe atopic dermatitis in adolescents.

a Consensus by the Italian Society of Dermatology and Venereology 
(SIDemaSt), the Italian association of Hospital Dermatologists and 

Public Health (aDoI), the Italian association of Hospital and territorial 
allergists and Immunologists (aaIIto), the Italian Society of allergy, 

asthma and Clinical Immunology (SIaaIC), the Italian Society 
of Pediatric allergy and Immunology (SIaIP), the Italian Society 
of allergological, occupational and environmental Dermatology 

(SIDaPa), and the Italian Society of Pediatric Dermatology (SIDerP)
Piergiacomo CalZaVara-PInton 1 *, anna BellonI fortIna 2, Domenico Bonamonte 3, 

gian l. marSeglIa 4, michele mIraglIa Del gIuDICe 5, antonino muSarra 6, eustachio nettIS 7, 
Iria nerI 8, Cataldo Patruno 9, luca StIngenI 10, Ketty PerIS 11 on behalf of raDar group ‡

1Clinic of Dermatology, university of Brescia, Brescia, Italy; 2Pediatric Dermatology (DImeD), university of Padua, Padua, Italy; 
3Section of Dermatology, Department of Biomedical Science and Human oncology, university of Bari, Bari, Italy; 4Department of 
Pediatrics, IrCCS San matteo Polyclinic foundation, university of Pavia, Pavia, Italy; 5Department of Woman and Child and general 
and Specialized Surgery, luigi Vanvitelli university of Campania, naples, Italy; 6unit of allergy, national Healthcare System, reggio 
Calabria, Italy; 7Department of emergency and organ transplantation, School and Chair of allergology and Clinical Immunology, aldo 
moro university, Bari, Italy; 8unit of Dermatology, Department of Specialistic, Diagnostic and experimental medicine, university of 
Bologna, Bologna, Italy; 9unit of Dermatology, Department of Health Sciences, university magna graecia of Catanzaro, Catanzaro, 
Italy; 10Section of Clinical allergological Venereological Dermatology, Department of medicine, university of Perugia, Perugia, Italy; 
11unit of Dermatology, Sacred Heart Catholic university, IrCCS a. gemelli university Polyclinic foundation, rome, Italy
‡members are listed at the end of the paper
*Corresponding author: Piergiacomo Calzavara Pinton, Clinic of Dermatology, university of Brescia, Brescia, Italy. 
e-mail: piergiacomo.calzavarapinton@unibs.it

a B S t r a C t
Atopic dermatitis (AD) is a chronic inflammatory disease with increasing global incidence, which has a multifactorial pathogenesis and a variable 
expressivity. Clinical features of AD are different in adults compared to children, but it is well recognized the substantial impact of the disease on 
patients’ quality of life at any age. Indeed, little is known about AD in adolescence, a period of life generally associated with high psychological 
burden and vulnerability to depression. Guidelines for the management of AD are available for both children and adults but specific guidelines 
for the diagnosis and treatment of AD in adolescents are lacking. Seven Italian scientific societies of dermatologists, allergists, and pediatric aller-
gists joined in a specific meeting to provide practical guidance for the diagnosis and management of moderate-to-severe adolescent AD suitable 
for the Italian clinical practice. Through a modified Delphi procedure, consensus was reached by 59 Italian experts in the management of AD on 
20 statements covering five areas of interest about adolescent AD, including disease complexity, burden and social impact, diagnosis and defini-
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Dupilumab is approved for 
adolescents with moderate to severe 
AD eligible for systemic therapy. 
Based on the experience acquired in 
adult patients and considering its 
proven efficacy and high safety 
profile, dupilumab can currently be 
considered in adolescents as a first-
choice systemic treatment. 
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Abstract
Background The management of paediatric atopic dermatitis (AD) is challenging, mostly relying on emollients and topical 
corticosteroids. Dupilumab, a fully human monoclonal antibody, has been recently approved for the treatment of children 
aged 6–11 years with moderate-to-severe AD not adequately controlled with topical therapies or when those therapies are 
not advisable.
Objectives The aim of this study was to evaluate in real life the effectiveness and safety of dupilumab in the treatment of 
children aged from 6 to 11 years.
Methods Demographic and clinical data of children aged 6–11 years, affected by moderate-to-severe AD and treated with 
dupilumab, were retrospectively collected from 24 dermatological and paediatric referral centres. Dupilumab was adminis-
tered subcutaneously at an induction dose of 300 mg on day (D) 1, followed by 300 mg on D15 and 300 mg every 4 weeks. 
Disease severity was assessed at baseline and after week 2 (W2), W4 and W16 of dupilumab therapy using Eczema Area 
Severity Index (EASI), Pruritus Numerical Rating Scale (P-NRS) and Sleep NRS (S-NRS) and Children’s Dermatology 
Life Quality Index (c-DLQI) score.
Results A total of 55 AD children (24 males [43.64%], 31 females [56.36%]; mean age 9.35 ± 1.75 years) were included. A 
significant improvement in EASI score, P-NRS, S-NRS and c-DLQI was observed from baseline to W16 of treatment with 
dupilumab. In particular, at W16 the proportion of patients achieving EASI75 was 74.54%. Moreover, at the same timepoint 
a significant mean percentage reduction for P-NRS, S-NRS and c-DLQI was also observed (68.39%, 70.22% and 79.03%, 
respectively).
Conclusions Our real-life data seem to confirm the effectiveness of dupilumab in paediatric patients on all disease aspects, 
including extent and severity of signs, intensity of symptoms, sleep and QoL, with a good safety profile.

 * Maddalena Napolitano 
 maddy.napolitano@gmail.com
Extended author information available on the last page of the article

1 Introduction

Atopic dermatitis (AD) is the most common inflammatory 
skin disease in infants and children, appearing within 6 
months in 45%, under the age of 1 year in 60% and within 
the first 5 years in 89% of all the cases [1]. A recent analysis 

in children aged 6–11 years showed a prevalence of up to 
20%; severe AD accounted for up to 8% of cases [2]. AD 
negatively impacts the quality of life of both children and 
their families in health-related aspects such as physical, psy-
chosocial and mental functioning [3]. Treatment of children 
affected by AD can be challenging, especially in moderate-
to-severe cases. Indeed, in paediatric patients, AD manage-
ment mostly relies on emollients and topical corticoster-
oids (TCs). TCs should be used with caution in children 
because their body surface area to weight ratio is higher 
than in adults; as a result, they have a high degree of drug 
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significant P-NRS reduction was also observed from W2 
to W4 and W16 (<0.001). The mean S-NRS also showed a 
significant reduction from baseline to timepoint (8.16 ± 2.06 
at baseline, 4.3 ± 2.49 at W2 [p < 0.0001; mean percent-
age reduction of 47.3%], 2.34 ± 2.52 at W4 [p < 0.0001; 
mean percentage reduction of 71.32%] and 2.43 ± 2.25 at 
W16 (p < 0.0001; mean percentage reduction of 70.22%]). 
Also, for S-NRS score we observed a statistically sig-
nificant reduction (p < 0.001) from W2 to W4 and W16, 
respectively (Fig. 1). A marked improvement has also been 
observed for c-DLQI, with a baseline value of 21.51 ± 6.10 
versus 8.13 ± 5.53 at W2 (p < 0.0001; mean percentage 
reduction of 62.2%), 5.17 ± 4.92 at W4 (p < 0.0001; mean 
percentage reduction of 76.03%) and 4.1 ± 4.38 at W16 
(p < 0.0001; mean percentage reduction of 79.03%). No 
statistically significant differences were found for any of the 
studied parameters between W4 and W16, although a small 
improvement was observed for all the parameters apart from 
S-NRS, which remained stable over time.

TCs and/or TCIs were used at baseline by 60.00% (33/55) 
and 47.27% (26/55) of patients, respectively. After 16 weeks 
of treatment, TCs dropped out by 72.73% (24/33; p = ns) of 
patients, while TCIs were stopped by 73.08% (19/26; p = ns) 

of patients. SCs and CSA were used in 21/55 (38.18%) 
patients at baseline and were stopped in all these patients 
during the 16 weeks of treatment with dupilumab; no relapse 
of the disease was recorded in any of these patients. No 
patients required an increase of the dupilumab dose.

3.2  Safety Profile

Seven out of 55 (12.73%) patients experienced at least 
one AE during the 16-week treatment. In our cohort, three 
(5.45%) patients were diagnosed with conjunctivitis at 
baseline, while two (3.64%) subjects were diagnosed with 
dupilumab-associated conjunctivitis occurring during the 
observation period. Of note, the diagnosis of conjunctivitis 
at baseline and on-study was made by an ophthalmologist. 
On average, conjunctivitis occurred after 6.43 ± 4.98 weeks, 
and was successfully treated with eye drops containing TCs. 
None of the conjunctivitis at baseline significantly wors-
ened during dupilumab treatment in the three patients. Other 
common AEs were injection-site reaction (3/55; 5.25%) and 
headache (2/55; 3.64%). Asymptomatic SARS-CoV-2 infec-
tion occurred in 4/55 (7.27%) children, on average, after 

Fig 1  Mean values of EASI, 
P-NRS, S-NRS and c-DLQI 
pre- and post-dupilumab 
treatment in children with 
atopic dermatitis aged from 
6 to 11 years. Mean values 
of EASI (Eczema Area and 
Severity Index), S-NRS (Sleep 
Numerical Rating Scale), 
P-NRS (Pruritus Numerical 
Rating Scale) and c-DLQI 
(Children’s Dermatology Life 
Quality Index) for the study 
population at baseline and after 
week 2 (W2), W4 and W16 of 
dupilumab treatment. Statisti-
cal significance was assessed 
by The Mann–Whitney test 
and Fisher test: ***p < 0.0001, 
**p < 0.001, *p < 0.005; ns not 
significant

Mean values of EASI, P-NRS, S-NRS and c-DLQI pre- and post-dupilumab treatment in children with atopic 
dermaEEs aged from 6 to 11 years. Mean values of EASI (Eczema Area and Severity Index), S-NRS (Sleep 
Numerical RaEng Scale), P-NRS (Pruritus Numerical RaEng Scale) and c-DLQI (Children’s Dermatology Life 
Quality Index) for the study populaEon at baseline and ajer week 2 (W2), W4 and W16 of dupilumab 
treatment. StaEsEcal significance was assessed by The Mann–Whitney test
and Fisher test: ***p < 0.0001, **p < 0.001, *p < 0.005; ns not significant 

A total of 55 AD children (24 males [43.64%], 31 
females [56.36%]; mean age 9.35 ± 1.75 years) 
were included. A significant improvement in EASI 
score, P-NRS, S-NRS and c-DLQI was observed from 
baseline to W16 of treatment with dupilumab. In 
particular, at W16 the proportion of patients 
achieving EASI75 was 74.54%. Moreover, at the 
same timepoint a significant mean percentage 
reduction for P-NRS, S-NRS and c-DLQI was also 
observed (68.39%, 70.22% and 79.03%, 
respectively). 
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Abstract
Background: Dupilumab has proven to be an effective and safe treatment for atopic 
dermatitis	(AD)	in	pediatric	patients	in	clinical	trials.	However,	few	daily	practice	stud-
ies	are	available.	The	aim	of	this	study	is	to	evaluate	the	effect	of	28 weeks	dupilumab	
treatment on effectiveness, safety, and serum biomarkers in pediatric patients with 
moderate- to- severe AD in daily practice.
Methods: Patients	 visited	 the	 outpatient	 clinic	 at	 baseline,	 4,	 16,	 and	 28 weeks	 of	
treatment.	Disease	 severity	was	 assessed	 by	 the	 Eczema	Area	 and	 Severity	 Index	
(EASI),	 Investigator	 Global	 Assessment	 (IGA),	 Numeric	 Rating	 Scale	 (NRS)-	pruritus	
and	-	pain,	and	the	Patient-	Oriented	Eczema	Measure	(POEM).	Side	effects	were	eval-
uated.	 Nineteen	 severity-	associated	 serum	 biomarkers	 were	measured.	 Predicted-	
EASI	(p-	EASI)	was	calculated.
Results: Sixty-	one	 patients	 were	 included.	 Respectively	 75.4%,	 49.2%,	 and	 24.6%	
reached	EASI-	50,	EASI-	75,	and	EASI-	90	and	36.1%	achieved	an	 IGA-	score	 (almost)	
clear.	Improvement	of	≥4	points	on	POEM,	NRS-	pruritus,	and	NRS-	pain	was	reached	
by	84.7%,	45.3%,	and	77.4%,	respectively.	Most	reported	side	effects	were	conjunc-
tivitis (n = 10)	and	headache	(n = 4).	Biomarkers	TARC,	PARC,	periostin,	sIL-	2Ra,	and	
eotaxin-	3	significantly	decreased	during	treatment.	The	p-	EASI	showed	a	significant	
correlation with disease severity.
Conclusion: Dupilumab treatment significantly improved disease severity and disease- 
associated symptoms and decreased severity- associated serum biomarkers in pediat-
ric AD patients in daily practice.

K E Y W O R D S
atopic	dermatitis,	biomarkers,	dupilumab,	p-	EASI,	pediatric

Sixty-one pajents were included. Respecjvely 75.4%, 
49.2%, and 24.6% reached EASI-50, EASI-75, and EASI-
90 and 36.1% achieved an IGA-score (almost) clear. 
Improvement of ≥4 points on POEM, NRS-pruritus, and 
NRS-pain was reached by 84.7%, 45.3%, and 77.4%, 
respecjvely. Most reported side effects were conjunc- 
jvijs (n = 10) and headache (n = 4). 
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0.46– 2.96), p <	.05)	and	was	further	stabilized	at	week	16.	Median	
blood	eosinophil	levels	increased	from	0.64 × 109/L	(IQR	0.38–	1.09)	
to	0.83 × 109/L	(IQR	0.36–	1.43)	at	week	16	(Figure 3B). All other bio-
markers remained low and did not show a significant change during 
treatment (Figure S1).	 Furthermore,	 the	 calculated	 p-	EASI	 scores	
showed	a	significantly	high	correlation	with	the	clinical	EASI	scores	
(Pearson Rho r = .64, p < .001) (Figure 3C).

4  |  DISCUSSION

In	 the	 current	 study,	 disease	 severity	 based	 on	 both	 clinical	 and	
patient- reported outcomes, significantly improved in pediatric pa-
tients with moderate- to- severe AD treated with dupilumab in daily 
practice.

When	comparing	the	results	of	this	study	to	phase	III	clinical	tri-
als,	only	week	16	data	can	be	compared.	In	the	current	study,	42.6%	
of	 the	patients	achieved	EASI-	75	after	16 weeks	of	 treatment.	 In	

clinical trials, this proportion in pediatric AD patients varied be-
tween	38.1%	and	73.3%,	with	most	percentages	closer	to	73.3%.4– 7 
This	difference	might	be	explained	by	the	fact	that	in	clinical	trials,	
patients	with	immunosuppressive	drugs	and/or	a	low	EASI	score	at	
baseline	were	excluded.	 In	this	daily	practice	study,	32.8%	of	the	
patients were in the wash- out of or were concomitantly treated 
with immunosuppressive treatments at dupilumab initiation, indi-
cating	more	severe	AD	in	these	patients.	In	addition,	67.2%	of	the	
patients had received immunosuppressive therapy for AD in the 
past,	which	is	quite	high	compared	with	clinical	trials	(13.1–	24.4%),	
also indicating a more severe AD in this cohort.4– 7 For patients with 
severe AD, it is more difficult to achieve endpoints. Also, patients 
with concomitant immunosuppressive treatment at baseline al-
ready	had	a	relatively	lower	EASI	score	at	baseline,	which	made	it	
more	difficult	to	achieve	75%	improvement	in	EASI	score	at	week	
16. Use of immunosuppressive treatment at baseline may therefore 
cause a possible underestimation of the effect of dupilumab treat-
ment in this study.

F I G U R E  1 Clinician-		and	patient-	reported	outcomes	on	the	effect	of	28 weeks	dupilumab	treatment.	Data	after	multiple	imputation.	
(A)	Mean	percentage	change	from	baseline	for	EASI,	NRS-	pruritus,	POEM	and	NRS-	pain	score;	(B)	Proportion	of	patients	who	achieved	
EASI-	50,	EASI-	75	or	EASI-	90	or	an	IGA-	score	of	(almost)	clear;	(C)	Proportion	of	patients	who	achieved	≥4	points	improvement	in	NRS-	
pruritus	score,	NRS-	pain	score	or	POEM	score.	Patients	with	a	score	of	≤3	at	baseline	were	excluded.	95%	confidence	interval	of	the	
proportions	is	shown	with	error	bars.	EASI,	Eczema	Area	and	Severity	Index;	GEE,	generalized	estimating	equations;	IGA,	Investigator's	
Global Assessment; N,	number;	NRS,	Numeric	Rating	Scale;	POEM,	Patient-	Oriented	Eczema	Measure
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Orticaria Cronica Spontanea (CSU)

• Presenza quoDdiana (o con brevi intervalli liberi legaD alla terapia) di pomfi 
migranD, pruriginosi, associaD o meno ad angioedema (AE), per un periodo 
di tempo di almeno 6 se6mane.

• Ha una frequenza nel bambino uguale o perfino superiore a quella 
dell’adulto, con una prevalenza in aumento (1% della popolazione generale).

• In età pediatrica non sembrano esistere differenze significaDve tra maschi e 
femmine.

• Studi clinici sia prospe6ci che retrospe6vi su popolazioni pediatriche 
rappresentaDve hanno descri@o una probabilità di remissione della CSU a 
un anno dall’esordio tra il 10 e il 32% e a 5 anni dal 38 al 72%
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Abstract

The aim of this guidance is to provide recommendations to clinicians and other interested parties on chronic
urticaria in children. The Italian Society for Pediatrics (SIP), the Italian Society for Allergy and Immunology (SIAIP), the
Italian Society for Pediatric dermatology (SIDerP) convened a multidisciplinary panel that prepared clinical
guidelines for diagnosis and management of chronic urticaria in childhood. Key questions on epidemiology, natural
history, diagnosis, and management were developed. The literature was systematically searched and evaluated,
recommendations were rated and algorithms for diagnosis and treatment were developed. The recommendations
focus on identification of diseases and comorbidities, strategies to recognize triggering factors, improvement of
treatment by individualized care.

Keywords: Allergy, Angioedema, Chronic urticaria, Chronic spontaneous urticaria, Children, Inducible uricaria,
Management, Omalizumab, Pathogenesis, Pediatric, Therapy, Urticaria

Introduction
Chronic urticaria (CU) is characterized by recurrent migrat-
ing skin lesions, called wheals or hives, angioedema (AE) or
both lasting over 6 weeks. Wheals consist of a swelling area
of different size and shape with a larger erythema, often
pruritic. Lesions usually disappear in 24 h. In vasculitis and
pressure urticaria lesions persist longer.
AE is a submucosal or subcutaneous swelling, and in-

volves areas such as lips, eyelids, back of the hands and feet,
scrotum. AE resolves in 1–3 days and causes pain, tingling,
burning sensation or tension, but not itching. Prognosis
quoad vitam and quoad valetudinem of CU is generally
good. However, comorbidities can occur [1–4]. Overall, it
is a condition of mostly unknown etiopathogenesis, and a

frequent cause of specialist consultation and inappropriate
diagnostic investigation, aimed at identifying a causal factor
which is often not evident by history alone [4, 5].
Many guidelines on CU are available. None of them is

dedicated to the paediatric population and some differ-
ence occurs among guidelines [6–11]. Many documents
do not address specifically CU, whose etiopathogenesis
is believed to be different from acute urticaria (AU),
while many others discuss only chronic spontaneous ur-
ticaria (CSU) [10]. Therefore, the aim of the present
guideline is to provide an evidence-based approach for
the management of CU in children for use in clinical
practice.

Methods
In 2016, the Italian Society for Pediatrics (SIP), the
Italian Society for Allergy and Immunology (SIAIP), the
Italian Society for Pediatric dermatology (SIDerP)
convened a multidisciplinary panel that included pri-
mary care paediatricians, general pediatricians, hospital
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medium-term (5mg q.d./2 weeks-3 months) and short-
term (20 mg q.d./2 weeks) therapies, although no differ-
ence was observed between 5mg q.d. and 10mg q.d. or
short-term treatments. Comparisons between loratadine
(10 mg q.d.) vs placebo and vs cetirizine (10 mg q.d.) in
short- and medium-term therapies did not show signifi-
cant differences in terms of “good or excellent response”
or complete remission of CU. No significant differences
were found between loratadine (10 mg q.d.) vs deslorata-
dine (5 mg q.d.) in medium-term therapy efficacy. Lora-
tadine (10 mg q.d.) and hydroxyzine (25 mg q.d.) were
found to be effective and comparable to each other in
inducing complete remission in short-term treatments.
There was no difference between loratadine (10 mg q.d.)
and mizolastine (10 mg q.d.) in terms of complete remis-
sion of symptoms and improvement of the quality of life
≥50% [162]. Levocetirizine was effective at a dose of 5
mg/day in medium-term therapies, but not in short-term
ones, while a higher dose (20 mg q.d.) proved to be ef-
fective in short-term therapy. In comparative studies,
levocetirizine (5–20mg q.d.) was more effective than
desloratadine (5–20 mg q.d.) [162]. Cetirizine has been
shown to determine the remission of CU in more

patients then fexofenadine [162]. The authors [162]
concluded that none of second generation H1-antihista-
mines was more effective than the others in the control
of CU symptoms, although the quality of evidence was
heterogeneous.
Adverse events of H1-antihistamine have some inter-

individual variability, some subjects “tolerate” an
antihistamine better than another [162, 173]. In a pla-
cebo-controlled comparative study, there were no sig-
nificant differences in drug withdrawal rates due to
adverse events between the active group (cetirizine 10
mg q.d. and 20mg q.d., desloratadine 5 mg q.d., hy-
droxyzine 25 mg q.d.) and placebo [162].
Rupatadine at standard doses (10 mg q.d.) has a good

tolerability and safety profile in children aged 2–11 years.
In a double-blind, randomized, placebo-controlled study
carried out in children aged 2–11 years with CSU, no
significant differences were found in reducing wheals be-
tween desloratadine and rupatadine, although rupatadine
but not desloratadine was statistically superior to pla-
cebo in reduction of pruritus (− 57%). Children’s quality
of life was statistically improved both in subjects treated
with rupatadine and with desloratadine compared to

Table 5 Second-generation anti-H1 anti-histamine for children
Second-generation
H1-antihistamines

Pharmaceutical form Age and/or weight Dose

Cetirizine Drops 10 mg/ml
(1 drop = 0,5 mg)
Oral solution 1 mg/ml
Tablets 10 mg

2–6 years 2.5 mg b.i.d.

6–12 years 5 mg b.i.d.

12–18 years 10 mg q.d.

Loratadine Syrup 1mg/ml
Tablets 10 mg

2–12 years (< 30 kg) 5 mg q.d.

2–12 years (> 30 kg) 10 mg q.d.

12–18 years 10 mg q.d.

Fexofenadine Tablets 120 mg
Tablets 180 mg
(Tablets/syrup 30mg in US/UK)

12–18 years
(US> 2 years, UK > 6 years)

120–180mg q.d.
30 mg q.d.

Levocetirizine Drops 5 mg/ml
(1 drop = 0,25 mg)
Tablets 5 mg

2–6 years
(in US > 6months)

1.25 mg q.d.

> 6 years 5 mg q.d.

Desloratadine Oral solution 0,5 mg/ml
Tablets 2.5 mg
Tablets 5 mg

1–5 years 1.25 mg q.d.

6–11 years 2.5 mg q.d.

> 12 years 5 mg q.d.

Acrivastine Syrup 8mg/10ml
Tablets 8 mg

> 12 years 8 mg t.i.d.

Rupatadine Oral solution 1 mg/ml
Tablets 10 mg

2–11 years (< 25 kg) 2.5 mg q.d.

2–11 years (> 25 Kg) 5 mg q.d.

> 12 years old 10 mg q.d.

Bilastine Syrup 2.5 mg/ml
Tablets 10 mg
Tablets 20 mg

> 6 years (> 20 kg) 10 mg q.d.

> 12 years 20 mg q.d.

Ebastine Tablets 10 mg
Tablets 20 mg
(Syrup 5 mg/ml)

> 12 years
(> 2 aa in Europe)

10–20 mg q.d.
(0.2 mg/kg q.d.)

Caffarelli et al. Italian Journal of Pediatrics          (2019) 45:101 Page 15 of 25

was safe. Three randomized controlled trials [186–188]
including paediatric patients are available. Ninety pa-
tients (5 aged < 18 years) with UAS7 > 12 where ana-
lysed in a prospective, randomized, quadruple-blind,
placebo-controlled, dose-ranging study. They were
randomized to receive placebo or omalizumab every
4 weeks in 3 different dose injections (75 mg, 300 mg,
600 mg). Both the 300-mg omalizumab group and the
600-mg omalizumab group showed greater improve-
ment than the placebo group in UAS7 (13.0 e 7.7
points respectively) [186]. The multicentre phase III
ASTERIA II study, randomly assigned 323 patients
(10 aged < 18 years) with CSU resistant to standard
H1-antihistamine therapy and UAS7 > = 16 to receive
omalizumab at doses of 75 mg, 150 mg, or 300 mg or
placebo, during a period of 12 weeks. The authors
found a significant reduction in the average itch-se-
verity-scores (ISS) in the group receiving doses of 150
and 300 mg (primary efficacy outcome), and also a re-
duction in UAS7, number of lesions, DLQI (Derma-
tology Life Quality Index), number of patients with
UAS7 < 6 and proportion of patients with MID (min-
imally important difference) response in weekly itch-
severity scores at 12 weeks (secondary outcome). Ad-
verse events observed showed no significant differ-
ences in the different groups, although the rate was
higher in the group treated with 300 mg [187]. The
multicentre phase III ASTERIA I trial, a randomized,
double-blind, placebo-controlled study, evaluated the
efficacy and safety of omalizumab in 319 patients (18
of whom < 18 years). Patients were randomized to

receive omalizumab 75 mg, 150 mg, or 300 mg or pla-
cebo for 24 weeks. The treatment groups (75 mg, 150
mg and 300 mg) had significant improvement in sec-
ondary outcomes and maintenance of efficacy at 24
weeks compared to placebo, without significant ad-
verse events [188]. The three trials [186–188] had a
low risk of bias in randomization, masking, blindness,
dropouts during treatment or follow-up, coherence in
reporting. Potential biases were represented by the
sponsorship of the studies and by the limited number
of paediatric patients.
Two other randomized trials have shown the efficacy

and safety of omalizumab in adult patients [189, 190].
The response was often observed within a week after the
first dose and there are slow responders after 3–5
months. Patients usually relapse after a few months
when omalizumab is stopped.
A prospective open-label (real-life) study evaluated the

efficacy of 150mg of omalizumab, at intervals ranging
from 15 days to 7 weeks, in 68 patients with severe re-
fractory urticaria. 78% achieved complete remission dur-
ing omalizumab therapy (UAS-7 0) [191]. Another study
treated 47 CU patients aged from 16 to 74 years with
Omalizumab at a dose of 150 mg/month or 300mg/
month. 84% of patients treated with the highest dose
achieved clinical remission. Of the 20 patients who
started the treatment with 150mg of omalizumab, 12
(60%) had a complete response. In 6 of the partial re-
sponders, a higher dose of 300 mg was used: 4 of them
(66.7%) had a complete resolution of symptoms with
300 mg but 2 still have symptoms [192].

Fig. 2 Treatment of CU in children. *off-label
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Putative mechanisms of action of Omalizumab are
the following (Fig. 2):

Binding to free IgE
Omalizumab can markedly reduce the level of

circulating IgE, preventing free IgE from binding to
its receptors, FcεRI or FcεRII.4 Within 1 h of initial
administration, serum free IgE levels decreased
in a dose-dependent manner. At the recom-
mended doses, free IgE levels can be reduced by
more than 96%,5 thereby preventing the effect of
IgE in the allergic cascade.

Downregulating the number and function of FcεRI
Unbound FcεRI being degraded when they are

not stabilized by binding to IgE, leads to rapid
reductions of FcεRI in mast cells, basophils, and
DCs.6,7 Effects on these cascades can decrease the
allergen presentation to T cells and limit the Th2-
mediated inflammatory molecular pathway. The
significance of this mechanism is indicated by the
fact that after giving Omalizumab for 7 days, FcεRI

fell by 88%, which may continue to fall by more
than 99% if the treatment is extended longer.6,8

Enhancing antiviral immune effects
Recent studies demonstrated that omalizumab

can ameliorate the inadequate antiviral response.
It can enhance interferon-a (IFN-a) responses in the
context of IgE receptor cross-linking, limit cell-to-
cell transmission of respiratory viruses, and
diminish the severity and duration of infection, viral
shedding and the associated level of virus-related
illnesses. Toll-like receptor 7 (TLR-7) is an innate
signaling receptor that can respond to viruses. It is
primarily expressed by plasmacytoid dendritic
cells (pDCs), and other DC subsets and myelo-
monocytic cells, T cells and B cells. A counter-
regulatory mechanism was revealed between
FcεRI and TLR-7. Activation of TLR-7 or a compo-
nent of the TLR-7 pathway may inhibit the expres-
sion of FcεRI. On the other hand, activation of FcεRI
may result in reduced TLR-7-related recognition of,
or response to, virus.9–11

Fig. 2 Mechanism of action of omalizumab in treatment of pediatric allergic and related diseases. Omalizumab is very effective in treating
pediatric allergic diseases. By binding IgE it can block various allergic responses, including decreasing mast cell activation and sensitivity,
reducing eosinophil infiltration and activation, leading to a down regulation of inflammatory mediators release. Furthermore, omalizumab
improves smooth muscle contraction and proliferation, decreases vasodilation and vascular permeability, reduces mucosal gland secretion
and so on. DC, dendritic cell; IFN, interferon; IL, interleukin; PAF, platelet activating factor; Th, T helper cell; Treg, regulatory T cell
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Pediatric usage of Omalizumab: A promising
one
Lin Yu, MDa, Huishan Zhang, MDb,c, Jianwei Pan, MDa and Leping Ye, MD, PhDb*

ABSTRACT
Allergic and related diseases have a substantial epidemiological impact on the pediatric popu-
lation. Small molecule-based medicines have been traditionally used to manage the diseases.
Omalizumab is the first monoclonal antibody-based medicine used in children’s allergy and shows
great promises. It binds to free IgE and prevents it from binding to IgE receptors, thus interrupting
the IgE-dependent allergic inflammatory cascade. Vast amounts of data demonstrate its effec-
tiveness and well tolerance by patients, including the children. However, the drug was only
approved to use in allergic asthma and chronic spontaneous urticaria (CSU), though other appli-
cations were explored in clinical trials. In this review, we summarized current pediatric applications
of omalizumab in allergic diseases, focusing on its usages beyond asthma and CSU, including
allergic rhinitis, allergic bronchopulmonary aspergillosis, vernal keratoconjunctivitis, food allergy
and atopic dermatitis. In addition, we highlighted the unmet needs and controversial issues of anti-
IgE therapy.

Keywords: Allergy treatment, IgE, Pediatrics, Omalizumab

INTRODUCTION

Epidemiological data show a significant in-
crease in the prevalence of childhood allergic and
related diseases, such as allergic asthma, chronic
urticaria (CU), atopic dermatitis (AD), allergic
rhinitis (AR), food allergy, and so on. Prolonged
and recurring symptoms not only seriously affect
the physical and mental development of children,
but also bring an enormous burden to the
public medical system in various countries.
Immunoglobulin E (IgE) plays a crucial role in

mediating allergic reactions. Omalizumab as an
IgE-targeting drug opens up a new era of
personalized, precise medicine management.
Through blocking allergic reactions at their sour-
ces, it controls these allergic diseases very effec-
tively. However, different from the nearly 2
decades of successful usage in adult, the data in
children are still very limited. This paper will re-
view the efficiency, safety, and unmet need of
Omalizumab usage in allergic diseases of the
pediatric population.

Mechanisms of IgE-mediated allergy

IgE consists of pairs of heavy and light chains
(Fig. 1). Each chain contains 1 variable region and
1 or more constant regions. The variable regions
together form the antigenic binding sites.
Conformational changes occur upon the binding
of IgE to either Fc epsilon RI (FcεRI, high affinity
receptor) which is mainly expressed by mast
cells, basophils, eosinophils, and antigen
presenting cells (APCs), or Fc epsilon RII (FcεRII,
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Indicazioni Omalizumab

Xolair è indicato, come terapia aggiuntiva, per il trattamento dell’orticaria 
cronica spontanea in pazienti adulti e adolescenti (età pari o superiore a 12 
anni) con risposta inadeguata al trattamento con antistaminici H1.

Asma allergico
Xolair è indicato negli adulti, negli adolescenti e nei bambini di età compresa 
tra 6 e <12 anni.

Rinosinusite cronica con polipi nasali (CRSwNP)
Xolair è indicato come terapia aggiunLva ai corLcosteroidi intranasali per il 
trahamento di adulL (età pari o superiore a 18 anni) con CRSwNP grave per i 
quali la terapia con i corLdosterodi intranasali non fornisce un controllo 
adeguato della malaia.
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