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Abstract: Although psoriasis onset has been reported at any ages, in up to one-third of cases, it begins during childhood, with an 
estimated prevalence of about 2% in pediatric population. The management of moderate-to-severe forms of childhood psoriasis may 
represent a challenge for dermatologists, especially for parents’ concerns about the need of systemic treatments. However, a prompt 
safe and effective treatment is mandatory in these patients, due to the significative impact that psoriasis may have on their quality of 
life, with well-known consequences on psychological health of both patients and caregivers. Due to the relatively frequent parents’ 
refusal of systemic treatments, probably due to the fear of eventual adverse events, difficulties of oral or injective route, the 
management of moderate-to-severe forms still represents a challenge. Herein, we report a narrative review, aiming to resume the 
systemic treatments for pediatric psoriasis, focusing on the use of biologics and small molecules in the pediatric ages. The most widely 
used therapeutic strategies today for the pediatric population with moderate-severe psoriasis are traditional systemic therapies, while 
more innovative drugs such as biologics and small molecules now represent a somewhat unexplored but certainly promising field for 
unresponsive patients. 
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Introduction
Psoriasis is a chronic inflammatory disease, which may have a significative impact on patients’ quality of life.1 Although 
psoriasis onset has been reported at any ages, in up to one-third of cases, it begins during childhood, with an estimated 
prevalence of about 2% in pediatric population.2,3 Pediatric psoriasis can be associated with several comorbidities including 
psoriatic arthritis (PsA), obesity, dyslipidemia, hypertension, insulin-resistant diabetes, and inflammatory bowel disease. For 
this reason, proper therapeutic management is essential to prevent pediatric patients with psoriasis from being adults with 
joint, metabolic, and cardiovascular comorbidities.1 Psoriasis of the pediatric age may present with the same clinical 
manifestations; however, specific, and different morphology and distributions have been described.4 As for adults, the plaque 
type represents the most frequent form, being scalp psoriasis the most described.5 The management of moderate-to-severe 
forms of childhood psoriasis may represent a challenge for dermatologists, especially for parents’ concerns about the need of 
systemic treatments. However, a prompt safe and effective treatment is mandatory in these patients, due to the significative 
impact that psoriasis may have on their quality of life, with well-known consequences on the psychological health of both 
patients and caregivers.6 Due to the relatively frequent parents’ refusal of systemic treatments, probably due to the fear of 
eventual adverse events, difficulties of oral or injective route (for example, due to difficulties in pills swallowing and needle- 
phobia), the management of moderate-to-severe forms still represents a challenge.

Moreover, studies reporting the efficacy and safety of systemic treatments of pediatric psoriatic patients are still poor, 
with most of the available clinical trials including young adults. Hence, most of the available literature data come from 
case reports or series, expert opinions and guidelines for the management of adult psoriatic patients.7,8 Regarding 
available treatments, conventional systemic drugs, including cyclosporine, acitretin, and methotrexate, are frequently 
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used in moderate-to-severe forms, even if not labelled for pediatric ages. Particularly, most of the available safety data 
come from the use of the same drugs for other indications, such as the use of cyclosporin after organ transplantation or 
the use of methotrexate in rheumatoid arthritis.9,10 The introduction of biologics and small molecules represents the 
greatest innovation in the management of patients with moderate and severe psoriasis. These therapies are widely used in 
the adult population, while their use in the pediatric population is still limited. Indeed, to date, only few agents have been 
approved for the treatment of moderate-to-severe plaque psoriasis of childhood, while data about efficacy and safety of 
newer classes come from case reports and real-life studies.11,12 Herein, we report a narrative review, aiming to resume the 
systemic treatments for pediatric psoriasis, focusing on the use of biologics and small molecules in the pediatric ages.

Traditional Systemic Therapy
Phototherapy
Phototherapy represents a well-known treatment for the management of psoriasis, which is still effective and widely 
used. It is considered among the first-line therapies. The rationale behind this treatment is the evidence of clinical 
improvement of psoriatic lesions during the summer months related to sun exposure. The mechanism of action of 
phototherapy is based on ultraviolet (UV) rays, both UV-A (315–400nm) and UV-B (280–315nm) types, which explicate 
an immunosuppressive effect on the site of application through induction of apoptosis of T lymphocytes inside psoriatic 
skin lesions, direct action on Langerhans dendritic cells, downregulation of pro-inflammatory cytokines released by 
keratinocytes, and inhibition of keratinocyte hyperproliferation and angiogenesis, probably through damage of cell 
membranes and nucleic acids of these cells.13,14 Phototherapy has comparable efficacy and safety to other traditional 
systemic therapies. In addition, it can be combined with topical or systemic drugs, particularly retinoids, which can 
reduce the radiation dose and increase efficacy. The recommended dosage for psoriasis therapy is 2–3 sessions weekly for 
several months.13–15 In the pediatric population, there are several clinical trials showing the benefit of nb-UVB 
(wavelength of 311–313 nm) phototherapy practiced twice a week at increasing dosages for patients with guttate and 
plaque psoriasis. Reported data show significative clinical improvements in up to 96% of patients, reaching a complete 
skin clearance in about 50%, a percentage that increases if topical emollients are used in combination.1,16 PUVA 
photochemotherapy could likewise be effective for the treatment of pediatric psoriasis, remembering, however, that 
both topical and systemic psoralen cannot be used before the age of 12 years and as of today there are only limited 
supporting evidence showing efficacy and safety in the pediatric population.1 The commonly accepted idea for photo-
therapy in pediatric patients is that nb-UVB phototherapy is safer, more easily managed, and equally effective to PUVA 
photochemotherapy. There are several contraindications to phototherapy in pediatric patients with psoriasis: i) the 
inability to use psoralen in patients younger than 12 years old; ii) it is contraindicated in patients with generalized 
erythroderma or cutaneous cancer syndromes iii) it is not recommended in patients with photo-dermatosis specifically if 
it is given with the same wavelengths responsible for the pathology. Moreover, given the increased risk of cutaneous 
carcinogenesis, it should be used with extreme caution and close dermatologic follow-up in pediatric patients with 
numerous atypical nevi.1 Furthermore, one of the main limitations in the use of phototherapy, shared with adult patients, 
is represented by the logistic difficulties that patients may have for long-term treatments, resulting in the reduction of 
patients’ compliance and, hence, reduced clinical improvements.

Methotrexate
Methotrexate is the most used conventional systemic drug for moderate to severe17 pediatric psoriasis because of several 
factors, including the relatively low cost, good and well-proven efficacy, and long-term safety. Methotrexate is 
administered weekly, orally or by subcutaneous injection, and is effective in all subtypes of psoriasis.1 It is an 
antimetabolite analogue of folic acid, the most relevant mechanism of which is the inhibition of dihydrofolate reductase 
(DHFR) activity, resulting in the inhibition of purine synthesis and thus of DNA and RNA nucleic acids. This effect is 
mainly manifested on cells with high proliferation capacity including lymphoid cells and epidermal cells, thus explaining 
the anti-proliferative and immunosuppressive effects of MTX.13,14 It can be used as monotherapy or in combination; 
particularly it may be combined with biologics, providing increased prevention for anti-drug antibody formation that 
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would force the switch of the biologic drug, and improving biologic efficacy in case of partial responses on both psoriasis 
and PsA. Indeed, although it is not a fast-acting drug, it has significant long-term efficacy not only for skin lesions but 
also for PsA, which makes it particularly useful in the long-term therapeutic management of pediatric patients with 
PsA.1,18 The suggested dose in patients <13 years of age is within an initial range of 0.2–0.7mg/kg/week up to maximum 
dose of 25mg/week to be reached by gradual increases while in patients older than 13 years of age the dosage is similar to 
the adult population following the same pattern of gradual increase in dosage up to a maximum of 25mg/week. As in 
adults, folic acid supplementation is essential during treatment with MTX in the pediatric population; this allows for 
a considerable reduction of gastrointestinal, hematological, and hepatic adverse effects.1,17 The best administration, 
because of the lower gastro-toxicity and greater bioavailability, is subcutaneous injection; however, oral route may be 
sometimes preferred by patients. There are several clinical trials showing that MTX, although not a fast-acting drug, is 
very effective treatment for different types of psoriasis and on PsA; specifically, many patients show clinical benefit as 
early as 5–12 weeks, but at least another 3–4 months of continuous therapy is needed to achieve clearance. There are no 
univocal opinions on the length of therapy, conventionally accepted is a treatment period in which clinical clearance is 
maintained for at least 2–3 months.1,19,20 Kaur et al retrospectively reviewed 24 pediatric patients with severe refractory 
psoriasis treated with methotrexate. Seventeen had plaque disease, 3 were erythrodermic, 3 had pustular disease, and 1 
had palmoplantar psoriasis. The dosage of methotrexate ranged from 7.5 to 20 mg per week. The results were 
remarkable, 22 patients (91.7%) achieved PASI 75, thus a 75% improvement of skin lesions with significant improve-
ment in quality of life, over a treatment period of 1.5 months to 3 years.21 Methotrexate is not a drug free of side effects, 
but its wide use in both adult and pediatric populations has allowed for improved management of the drug by ensuring 
a lower occurrence of side effects than in the past. Elevation of transaminases is one of the most common adverse drug 
reactions that normally occurs a few days following drug administration. Other common adverse drug reactions are 
Nausea, vomiting, diarrhea and anorexia, and hair loss. More serious side effects are rare in the pediatric population 
including hepatotoxicity, pulmonary toxicity and bone marrow suppression. Hepatic fibrosis is a none reported in 
pediatric population using methotrexate. Bone marrow suppression occur after 4–6 weeks of treatment, but it is 
considerably reduced in patients who take regular folic acid supplement therapy. Immunosuppression is an adverse 
drug reaction linked to the action of the methotrexate and it is dose related. For this reason, pediatric patients treated with 
methotrexate must be monitored regularly by assessing the complete blood count, transaminases, and creatinine.1,22 To 
date, methotrexate represents a drug with numerous evidences regarding its efficacy and safety, widely used in the 
pediatric population. Despite being relatively slow in therapeutic onset, it is effective against different forms of psoriasis. 
The side effects of the drug impose adequate monitoring and precautions (folic acid substitution therapy) but with proper 
management of dosage and laboratory parameters it represents a valuable therapeutic alternative for pediatric patients 
with moderate-to-severe psoriasis.

Cyclosporine
Cyclosporine is an immunosuppressive drug that acts by binding to cyclophilin A, which is a receptor located within 
T lymphocytes, leading to the inhibition of calcineurin, and resulting in the block of the transcription of several pro- 
inflammatory cytokines, among which the most important are IL-2, IL-3 and INF gamma.13 Advantages of cyclos-
porine treatment include good efficacy against different forms of psoriasis (plaque, pustular and erythrodermic), 
rapidity of action and good tolerability, at least as far as it concerns the pediatric population.1,23 The recommended 
dosage for cyclosporine is in the range of 2–5mg/kg/day divided into two administrations. Any progressive increase in 
dosage should be considered at least after the first 1 to 2 weeks of treatment, which is important for pediatric patients 
because the child has minimal absorption and greater clearance than the adult population, although normally 
cyclosporine is used for a short period of time to achieve remission and cannot be considered long-term therapy. 
The length of treatment is between 3 and 6 months considering that the dosage should be gradually decreased before 
stopping the treatment, more specifically, it is considered good therapeutic management to gradually decrease the 
dosage after 2 months of disease clearance and by considering the use of another drug as a long-term therapy since 
cyclosporine has significant toxicity if used for a too long period. Several clinical studies show that the efficacy of 
cyclosporine in the treatment of childhood psoriasis in its plaque, pustular and erythrodermic variants is remarkable, 
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about 70–80% of patients treated for several months show clinical improvement of 75% of skin lesions and thus 
a PASI75.24–26 The major limitation of cyclosporine is its toxicity in the case of long-term therapy, which is manifested 
by renal toxicity, hypertension, increased cardiovascular risk, hypertrichosis, headaches, paresthesia, arthralgias, 
gingival hyperplasia, and finally, an increased risk of lymphoproliferative malignancy has been observed in the 
pediatric population treated with cyclosporine. For this reason, cyclosporine can be used for up to 6–12 months, 
and throughout the treatment period, monitoring of complete blood count, creatinine, urea, cholesterol, triglycerides, 
serum electrolytes and blood pressure is required.1 Cyclosporine represents an excellent bridge therapy to achieve 
adequate control of various forms of psoriasis that do not respond to other therapies, and a proper treatment schedule 
allows PASI75 or PASI100 to be achieved in a high percentage of treated patients with good safety and tolerability. 
Obviously, the limitation of this drug is the short length of treatment which will necessarily have to be followed by 
a different therapeutic strategy.

Acitretin
Acitretin is a systemic retinoid derivative of vitamin A. Its action in the treatment of psoriasis is through regulation 
of keratinocyte maturation and turnover, reduction of inflammation, and inhibition of neutrophil chemotaxis. 
Acitretin resulted more effective for certain subtypes of psoriasis in which the role of neutrophils is most involved 
including psoriasis guttata, pustular psoriasis and palmoplantar psoriasis.13 Another advantage of acitretin is that it 
represents a non-immunosuppressive drug; consequently, it can be used effectively in patients at major risk of 
infection including transplant patients, infants older than 6 weeks, and HIV-positive children.1 Another advantage of 
acitretin is that it can be combined with different therapies including phototherapy, cyclosporine, methotrexate, 
biologic, and topical therapy. The recommended dosage in the pediatric patient is 0.1–1mg/kg/day with clinical 
benefit being observed, for plaque psoriasis, after 2–3 months of continuous therapy, while, for pustular psoriasis, 
improvement of lesions may be observed as early as 3 weeks of therapy.1,27 Numerous studies highlight the efficacy 
of acitretin in pediatric patients with psoriasis, particularly when combined with other therapies.28–31 Approximately 
80% of patients with pustular psoriasis achieve skin clearance on monotherapy, which reaches 100% when in 
combination with other systemic therapies such as cyclosporine or methotrexate.28 In pediatric forms of palmo-
plantar psoriasis treated with acitretin, clearance of skin lesions is observed in approximately 90% of patients.29 

Several studies reported that the association of acitretin and nb-UVB phototherapy is particularly effective in forms 
of pustular psoriasis, ensuring high rates of skin clearance.30,31 Side effects of acitretin may include mucocutaneous 
reactions, hyperlipidemia, teratogenicity, and bone changes (epiphyseal closure, hyperostosis, calcification, decreased 
bone mineral density). The side effects described are most frequently associated with prolonged and high-dose 
therapies. During acitretin therapy, monitoring of liver function and serum lipids is necessary, while pregnancy 
prevention is required for women in childbearing age.1,32

Dimethyl fumarate
Dimethyl fumarate (DMF) is the methyl ester of fumaric acid that acts by reducing the action of T lymphocytes, 
specifically by up-regulating cytokines that promote switching to T-helper 2 cells over T-helper 1 cells, thus acting as 
immunomodulators.13 The use of DMF is limited by the occurrence of several side effects, such as diarrhea, flushing, 
leukopenia, and lymphopenia with an incidence of about 50%; renal and hepatic toxicities are relatively less common, 
which, however, pose a contraindication to the use of DMF for patients with hepatic and renal comorbidities, in addition 
to gastrointestinal ones.1,33 There are few studies regarding its use in the pediatric population with psoriasis.34 

A retrospective multicenter study reports that of 390 pediatric psoriasis patients treated with dimethyl fumarate for 
a minimum of 3 months, 68% developed common side effects, such as diarrhea, headache, and flushing, which 
compromised treatment compliance. Ten percent percent of patients interrupted therapy due to the onset of serious 
side effects, such as pericarditis and bone marrow suppression.34
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Biologics
The numerous knowledge acquired over the years concerning the pathogenesis of psoriasis and thus of the immune 
process at the origin of cutaneous and systemic manifestations have led to the development of target therapies directed 
against key cytokines, thus enabling targeted therapy. Biologics represent to date a revolution in the treatment of psoriasis 
in terms of both efficacy and safety. Biologics are target immunomodulators that inhibit a specific cell signaling pathway, 
lymphocyte recruitment, cell apoptosis, pro-inflammatory cytokine formation, and lymphoid cell development. To date, 
only few biologic drugs are approved to date for the therapeutic management of severe moderate psoriasis in the pediatric 
population; specifically, the FDA and EMA approved biologics are as follows: Etanercept (anti-TNF) starting from the 
age of 4 years, Ustekinumab (anti-IL12 and IL23) starting from the age of 6 years, and Adalimumab (anti-TNF) starting 
at age 4 years, Secukinumab from the age of 6 years (anti-IL17) and Ixekizumab from the age of 6 years (anti-IL17). 
Although only 5 drugs are approved to date, data on the high safety and efficacy of biologics have led to off-label use of 
these drugs. Data in the literature show the efficacy of biologics for all the different forms of psoriasis, including for 
forms less responsive to traditional therapies (palmoplantar, pustular psoriasis and erythrodermic psoriasis) and psoriasis 
involving difficult sites while ensuring efficacy in the prevention and therapy of PsA, which we recall is the most 
frequent psoriasis-related comorbidity of pediatric age.1

Anti-TNF
Adalimumab
Adalimumab is a fully human IgG1 monoclonal antibody that acts by binding soluble and transmembrane TNFα, preventing 
its action. The first dose of this drug, injected subcutaneously, is 80 mg, followed by a second dose of 40 mg one week apart, 
then 40mg every two weeks. Adalimumab received the EMA and FDA approval for the management of moderate-to-severe 
forms of childhood psoriasis, showing promising efficacy and safety profiles.35–37 The efficacy of adalimumab stands at 75% 
in patients, achieving PASI75 at week 16, compared with 7% in placebo controls.35 Interestingly, adalimumab showed even 
a long-term efficacy, with PASI75 maintained in up to 83% of patients after 100 weeks of follow-up and up to 76% after 160 
weeks.35,36 Adalimumab is considered one of the first-line biologic agents in the treatment of moderate-to-severe psoriasis. 
The most commonly reported adverse events include: injection site reactions, 14% of patients, and mild infections, especially 
of the upper respiratory tract. Rarely reported AEs include leukopenia, thrombocytopenia, and autoantibody formation. Very 
rare is the occurrence of malignancies, of which the most frequent are lymphomas.33,34 Several clinical trials report that the 
efficacy and safety of adalimumab in pediatric patients is comparable to adult patients. Two clinical trials evaluated the 
efficacy and safety of adalimumab in pediatric ages, comparing it to MTX.

A sample of 114 pediatric patients with severe plaque psoriasis was randomized into 3 groups, treated with 
adalimumab 0.4mg/kg/day, adalimumab 0.8mg/kg/day, and MTX 0.1–0.4mg/kg/week, respectively. Moreover, 108 
patients received a long-term extension treatment and the majority received adalimumab. Adalimumab treated patients 
reported the highest QOL score at weeks 52. The most frequently reported AEs during treatment were nasopharyngitis 
and headache, reported in more than 20% of patients, while injection site reaction was observed in only 3.7%. 
Particularly, at week 52, side effects were reported in 77% of patients treated with Adalimumab 0.8mg/kg/day, 76% of 
patients treated with Adalimumab 0.4mg/kg/day, and 76% of patients treated with MTX; however, from the results we 
can state that more serious adverse reactions occurred, with greater frequency, in the group of patients treated with MTX, 
as they were observed in 5.4% of patients treated with MTX versus only 2.4% of patients treated with Adalimumab. This 
trial highlighted the safety of adalimumab, regardless of the dosage, and it is not inferior to MTX; moreover, the safety 
data are similar to those observed in the adult population.37–39 Another clinical trial compared the efficacy and safety of 
adalimumab versus MTX and placebo. Particularly, a total of 271 patients were included in the study and randomized to 
receive Adalimumab (108 patients), Methotrexate (110 patients) or placebo (53 patients). At week 16, approximately 
80% of patients treated with adalimumab achieved PASI75 versus 35.5% of the MTX-treated group and only 18.9% of 
placebo-treated patients. At the last follow-up practiced, the data confirmed the clinical response at week 16 (79.6% 
ADA group, 36.4 MTX group and 18.9% in placebo group), and this evidence that Adalimumab has a fast drug action 
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and can maintain the clinical response achieved over time. Safety data showed the occurrence of minor side effects 
including non-serious infections, itching, headache, and nausea.37,40

Etanercept
Etanercept is a recombinant fusion protein formed by the TNFα receptor conjugated to the Fc portion of a human IgG1. It 
acts by blocking the interaction of TNFα with its surface receptor thereby implementing its immunomodulatory action. It 
is administered subcutaneously at a dosage of 50 mg twice a week for the first 12 weeks of treatment, and then switches 
to a 50 mg once-weekly regimen. One advantage is that, unlike other TNF, Etanercept does not induce the formation of 
neutralizing antibodies, which ensures persistence of clinical response over the long term. Etanercept’s efficacy and 
safety in the management of pediatric psoriasis was evaluated by a double-blind trial compared to placebo, administered 
in 211 pediatric patients with moderate-to-severe psoriasis given 0.8mg/kg/week, with a max dose of 50mg/week for 12 
weeks.41 About 57% of patients treated with Etanercept reached PASI75 response, versus 11% of those receiving 
placebo. The study demonstrated an improved CDLQI in 52.3% after 12 weeks of therapy, showing a significative 
improvement in quality of life.42 The safety of Etanercept has been evaluated in different clinical trials in pediatric 
patients demonstrating great data. The long-term safety of etanercept was studied in 181 pediatric patients showing that 
at 96 weeks only 8% of patients had side effects, while at 264 weeks of treatment 89% of patients had at least one side 
effect, of which 8 had serious adverse reactions, although none of these were proven to be related to the drug itself.43,44 

The most frequent side effects are infections and injection site reactions; more rarely, heart failure and demyelinating 
diseases have been found, so the use of this drug in psoriatic patients with multiple sclerosis is not recommended.14,33,45 

Hence, etanercept should be considered as a safe and effective treatment option in pediatric patients suffering from 
moderate-to-severe forms of plaque psoriasis.

Infliximab
Infliximab is a chimeric monoclonal antibody consisting of a constant region of human IgG1 and a murine variable 
region that binds soluble and transmembrane TNFα, preventing its action. Infliximab is indicated in patients with 
moderate-severe psoriasis unresponsive to conventional topical and systemic therapies and for psoriatic arthritis. 
Advantages of infliximab include a high speed of action, superior to other anti-TNF, with onset of action occurring 
after 3.5 weeks.46 Efficacy trials of infliximab have found PASI75 to be achieved in 80% after ten weeks of continuous 
therapy.35,46,47 The only disadvantage of infliximab is the mode of administration, ie, intravenous, which is unwieldy as it 
causes infusion reactions in 18% of patients, the primary cause of lower compliance, manifesting as flushing, headache, 
hypertension, itching, allergic reactions, and even anaphylactic shock.33,35,46 Other adverse events include infections and 
the occurrence of ANA (50% of patient cases), with the possibility of lupus-like symptoms, especially skin 
symptoms.33,46 Rarely, heart failure and demyelinating diseases have been found, so the use of this drug in psoriatic 
patients with multiple sclerosis is not recommended.14,33,45 There are currently no studies and clinical trials related to the 
safety and efficacy of Infliximab in the therapeutic management of pediatric psoriasis.

Certolizumab
Certolizumab is a monoclonal antibody with a monovalent Fab fragment of a humanized antibody containing a specific 
antigenic site that binds TNF, inhibiting its action. The Fc fragment is conjugated to two polyethylene glycol (PEG) 
molecules for the purpose of increasing the half-life of the drug itself.48,49 Certolizumab is approved for moderate-severe 
psoriasis unresponsive to topical and systemic therapies and for psoriatic arthritis. Administration is subcutaneous with 
an induction dose of 400mg at weeks 0, 2, 4 followed by a 200mg dose every 2 weeks. Among the advantages of 
Certolizumab, we can include that the latter is the only biologic indicated in patients with moderate-severe psoriasis who 
are pregnant or breastfeeding as its composition prevents its passage through the placenta and into breast milk.48,50,51 

Evidence concerning efficacy shows that after about 16 weeks, PASI75 is observed in about 80% of treated patients. Side 
effects are roughly like other anti-TNF biologics with a higher incidence of upper respiratory tract infections.33,52 There 
are currently no studies and clinical trials related to the safety and efficacy of Certolizumab in the therapeutic manage-
ment of pediatric psoriasis.
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Anti IL-12/23
Ustekinumab
Ustekinumab is a monoclonal antibody specifically binding the p40 subunit of IL-12 and IL-23, inhibiting the action of 
these interleukins, and resulting in the reduction of the inflammatory process underlying psoriasis.35,48 Ustekinumab is 
approved for the management of adult, adolescent and pediatric patients (from 6 years old) with psoriasis. Moreover, it is 
also approved for the treatment of PsA, which is the leading comorbidity, in terms of incidence, of pediatric psoriatic 
patients. In addition, compared with anti-TNF, ustekinumab has a faster rate of action and is characterized by 
significantly greater safety.53 In trials, it has been shown not to differ from patients who received placebo in the 
incidence of malignancies and infections.35,48,54 Another advantage is subcutaneous administration, ensuring better 
patient compliance. The dosage is variable based on patient weight, for adults. Particularly, if body weight is less than 
100 kg, the dose is 45 mg, while if it is more or equal to 100 kg, the dose increases to 90 mg to be taken at weeks 0 and 4, 
then every 12 weeks, while in pediatric patients, if body weight is less than 60 kg the dose is 0.75 mg/kg, while for body 
weight over 60 kg the dosage is the same as practiced in adults.48 Clinical trials on the efficacy of Ustekinumab show that 
at week 12 about 66% of patients achieve PASI75 regardless of dose compared with about 3% observed for the group of 
patients who received placebo. Efficacy improves considerably at week 24 where PASI75 is achieved for 76.1% of 
patients given at the 45mg dosage and 85% of patients given at the 90mg dosage.54 Efficacy and safety in pediatric 
patients reflect the data obtained in adult patients. The randomized trial CADMUS showed interesting data about the 
efficacy of ustekinumab in patients aged 12–17 years. Particularly, a total of 110 patients were divided into 3 groups: the 
first group was treated with ustekinumab full dose, the second group with half-dose, and the third group with placebo. 
The study showed, at week 12, PASI75 achievement in 80.6% of the first group, 78.4% of patients in the second group, 
and only 10.8% in the group that received placebo, while PASI90 was achieved in 61.1%, 54.1%, and 5.4%, respectively. 
Safety data showed a non-significant difference between the groups about the incidence of side effects proved to be 
greater if not equally in patients taking placebo than ustekinumab, with an incidence of at least one side effect, at week 
12, of about 50%. Beyond week 60, in about 81% of patients, at least one side effect was reported.55 A recent trial 
evaluated the efficacy and safety of ustekinumab in a sample of 44 patients aged 6–12 years. At week 12, 77% of patients 
achieved PASI75 and 64% achieved PASI90. This study, although it has a small reference population, confirms the 
efficacy and safety of the data demonstrated in the CADMUS adult trial.56

Anti-IL17
Another class of biologics that represent an exceptional therapeutic option for pediatric patients with moderate-to-severe 
psoriasis unresponsive to traditional therapies is anti-IL-17, which inhibits this pro-inflammatory cytokine implicated in 
the inflammatory process underlying psoriasis. The greatest advantage of these drugs is that they are, among biologics, 
the fastest in inducing regression of the disease.35,57 Another advantage to be counted is that anti-IL17 are safer drugs in 
patients with viral hepatitis and latent tuberculosis, as they have lower reactivation rates. In contrast, disadvantages of 
these drugs include exacerbation of IBD, so they are contraindicated for psoriasis in patients with inflammatory bowel 
disease.33,58 Candida skin and mucocutaneous infections are another side effect of anti-IL17 with a higher incidence in 
patients treated with brodalumab and Ixekizumab.33,59 Finally, a side effect that is rare but evidenced more frequently in 
patients treated with Ixekizumab is neutropenia, which is a adverse drug reaction that forces interruption of therapy.33

Secukinumab
Secukinumab is a fully human IgG1 directed against IL-17 inhibiting its action and consequently the inflammatory 
process triggered by it, to date it is indicated as a 1st-line biologic for the therapy of moderate-severe psoriasis 
unresponsive to traditional therapies and for patients with psoriatic arthritis. Recommended dose includes subcutaneous 
administration of 300 mg at weeks 0, 1, 2, 3 and 4, then 300mg every four weeks, with the opportunity to half the dose in 
cases of minimal psoriasis severity or low body weight.48 It represents in the modern panorama of biologics one of the 
most effective drugs with high safety. Another important advantage is the efficacy of Secukinumab in treating psoriasis in 
difficult-to-treat areas such as scalp and for palmoplantar psoriasis.48,57 The only disadvantage is the contraindication of 
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treating for IBD patients, as for all other anti-IL17.33,58 Several clinical trials showing achievement of PASI75 after 12 
weeks in about 79% of patients versus the group taking placebo in which only 4.5% of patients achieved this result.57 

A comparative study highlights the superiority in terms of efficacy of Secukinumab versus Ustekinumab. At week 16 of 
therapy PASI90 is achieved in 79% of patients treated with Secukinumab versus 57.6% of patients treated with 
Ustekinumab.35,57 Safety data are relevant because the incidence of side effects is rare and most ADRs are infections, 
specifically upper respiratory tract infections, and these infections are rarely responsible for discontinuation of 
therapy.33,35,48,57 For the treatment of pediatric patients with severe plaque psoriasis, the efficacy and safety data do 
not differ from adults. A trial of patients with severe plaque psoriasis aged 6–18 years were randomized into 4 groups: 
group receiving low-dose Secukinumab (75mg for patients with body weight <50kg or 150mg in patients with body 
weight >50kg), group receiving high-dose Secukinumab (75mg for patients with body weight <25kg, 150mg for patients 
with body weight between 25–50kg or 300mg for patients with body weight >50kg), group receiving Etanercept 0.8mg/ 
kg with maximum dose of 50mg and finally Placebo group. The efficacy of Secukinumab in terms of clinical benefit of 
lesions became evident as early as week 3–4 of treatment. The results obtained at week 12 were maintained for a long 
time until 52 weeks for the first group and until week 104 for the second group. At week 52, PASI75 was achieved in 
87.5% of both groups taking Secukinumab versus 68.3% in patients taking Etanercept, PASI 90 was achieved in 75% of 
the first group and 80% of the second group taking Secukinumab versus 51.2% of the third group treated with Etanercept, 
and finally PASI100 achieved in 40% of the first group and 47.5% of patients in the second group versus 22% of patients 
treated with Etanercept. Comparable results were shown regarding the IGA score, IGA 0/1 was achieved in 72.5% of the 
first group, 75% of the second group and only 56.1% of the third group at week 52 of treatment.60,61 We can conclude 
that both low-dose and high-dose Secukinumab is superior in terms of efficacy to both Etanercept and Placebo, and that 
high-dose has a more rapid onset of action and better results in terms of PASI and IGA in the long term. To demonstrate 
the greater efficacy of high-dose administration, a clinical trial randomized pediatric patients with moderate-severe 
psoriasis aged 6–18 years into a group given low-dose secukinumab (75mg for patients with body weight <50kg or 
150mg in patients with body weight >50kg) and a group given high-dose secukinumab (75mg for patients with body 
weight <25kg, 150mg for patients with body weight between 25–50kg or 300mg for patients with body weight >50kg). 
At week 24, PASI75 and IGA 0/1 were achieved in 95.2% and 88.1% of patients in the first group versus 90.5% and 
83.3% of patients in the second group, respectively. Significantly, PASI90/100 achievement at week 52 occurred in 
76.2% and 52.4% of patients in the first group versus 83.3% and 69% of patients in the second group, respectively, 
demonstrating significantly higher efficacy in patients treated with a higher dosage.62,63 In contrast, a Phase III trial 
highlighted the safety and tolerability of low- and high-dose secukinumab versus etanercept in a population of 198 
pediatric patients with severe plaque psoriasis. The data reported that 74.5% of patients treated with low-dose 
secukinumab had at least one side effect vs 74% of patients treated with high-dose secukinumab vs 82.9% of patients 
treated with etanercept. Of these adverse reactions, most were infections, especially upper respiratory tract infections, and 
only 3% of Secukinumab-treated patients and 2% of etanercept-treated patients were forced to discontinue therapy due to 
adverse effects.64 We can conclude by stating that secukinumab represents in today’s environment an interesting drug for 
the therapeutic management of moderate-to-severe psoriasis in pediatric patients both because of its rapid onset of action 
and sustained efficacy over time but especially because of its high safety.

Ixekizumab
Ixekizumab is a humanized IgG4 with an indication for the treatment of psoriasis and psoriatic arthritis. Its action is 
achieved through binding to IL-17A by inhibiting its action in the inflammatory process underlying psoriasis. Advantages 
of ixekizumab include its efficacy in the management of genital psoriasis; to date, it represents the only biologic with that 
indication, in adults, approved by the FDA.48 The recommended dosage is 160 mg subcutaneously in week 0 followed by 
80 mg administered every two weeks until week 12, finally the injection should be repeated every 4 weeks. Several 
clinical trials demonstrate good efficacy of ixekizumab, in fact we can state that at week 12 PASI75, PASI90 and 
PASI100 are achieved in 89%, 71% and 35% respectively65 with a further increase at week 24 where they are achieved in 
90%, 72%, 57%.66 The safety data are equally good in that side effects are rare and the most frequent is the reaction at 
the injection site, with pain and erythema, which does not result in discontinuation of therapy.33,35,48 Some side effects, 
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although very rare, are more severe, especially neutropenia, which is observed in about 3% of patients treated with 
Ixekizumab and may be a plausible reason for therapeutic discontinuation. Finally, a very rare side effect that is observed 
only in patients treated with ixekizumab and no other anti-IL-17 is thrombocytopenia, which although unlikely to be 
severe, may occasionally be responsible for treatment discontinuation.33 Ixekizumab has indication as first-line therapy 
for pediatric patients with severe moderate psoriasis unresponsive to traditional therapies in patients >6 years old. The 
IXORA-PEDS trial includes 171 patients aged 6–18 years with psoriasis who were randomized into two groups: first 
group, patients taking ixekizumab (n=115) and second group, patients taking placebo (n=56), of these patients only 139 
completed the study until week 108. The trial shows the superiority in terms of efficacy of Ixekizumab over placebo. At 
week 60, 90% of patients achieved PASI75 and 80.3% of patients achieved PASI90. At week 108, PASI75, PASI90 and 
PASI100 were achieved in 91.7%, 79% and 55.1%, respectively. At baseline, 78.5% of patients had an itch NRS score of 
4 or greater who had an improvement of 4 or more points in that score at week 108. CDLQI of 0 or 1 was achieved in 
60.6% of patients at week 108. At baseline, 26.9% of patients had NAPSI higher than 0 which gradually approached 
zero, indeed, at week 12 NAPSI=0 was achieved by 22.8% of patients while at week 108 it was achieved in 68.1%. This 
study also shows the high efficacy of Ixekizumab in treating psoriasis of difficult sites. Among patients with palmo-
plantar psoriasis, 46.2% achieved PPASI100 at week 12 and 90%% at week 108. About 88.9% of patients of patients 
with scalp psoriasis had PSSI greater than 0 with achievement of PSSI=0 in 70.7% after 12 weeks and 76.2% after 108 
weeks of Ixekizumab therapy. In the study, 32.2% of patients had genital psoriasis with clearance of lesions in 83.3% of 
patients after 12 weeks and 87.5% of patients after 108 weeks of Ixekizumab treatment. Safety data overall show good 
safety for Ixekizumab and are reported as treatment-emergent AEs (TEAEs), serious AEs (SAEs) and AEs of special 
interest. In the trial, safety was evaluated in all patients treated with Ixekizumab, including patients initially randomized 
to placebo, and, at week 108, overall TEAEs were reported in 87.7% of patients, of these, 41.3% had mild TEAEs, 40.3% 
had moderate TEAEs, and only 6.1% of patients had serious TEAEs. The largest percentage of TEAEs highlighted were 
minor infections. The most severe adverse reactions were the occurrence of astrocytoma, pityriasis rubra pilaris, and 
paradoxical psoriasis; in addition, 2 cases of Crohn’s disease that arose during treatment were reported, SAEs that were 
responsible for discontinuation of ongoing therapy. No cases of anaphylaxis were reported, while 10.2% of patients 
presented with allergic or hypersensitivity reactions, 1.5% of patients presented with cytopenia, 2% presented with 
hepatopathy, 0.5% of patients presented with the occurrence of a neoplasm during therapy (astrocytoma), and in 4.1% of 
patients the occurrence of depression was reported.67 Ixekizumab represents in the modern setting an effective and viable 
opportunity in the treatment of moderate-severe forms of psoriasis in pediatric patients, even for forms that are resistant 
to the most common therapies and for forms affecting difficult areas such as palmoplantar, scalp, and genital. Efficacy 
data show that the drug is able to provide clinical benefit in a large percentage of treated patients and in a short time 
while providing good safety and manageability.

Brodalumab
Brodalumab is a newly approved (2017) monoclonal antibody for the therapeutic management of moderate-to-severe 
psoriasis unresponsive to traditional systemic therapies and PsA. It acts by inhibiting interleukin IL-17 (A-F) through 
binding to the A subunit of the IL-17R receptor. Advantages of brodalumab include its high speed of therapeutic onset 
with PASI75 being achieved in approximately 25% of patients after only 2 weeks of therapy.68 Disadvantages of 
brodalumab include a recommendation in the therapeutic management of patients with a history of depression or other 
psychiatric disorders, as 3 suicides and 10 suicidal attempts or behavior emerged in 4464 patients during Phase 3 trials. 
Although brodalumab has not been proven to date to increase the risk of suicide, patients with a history of psychiatric 
disorders must be properly evaluated by a psychiatrist before starting therapy and during the therapy, and treatment must 
be discontinued if suicidal behavior or depression worsens.33,35,48,68 The dosing schedule involves subcutaneous 
administration of 210mg at weeks 0, 1 and 2 followed by administration of the same dose every two weeks. Efficacy 
data for brodalumab show that PASI75 was achieved at week 12 in 83% of patients, PASI90 in 70% of patients and 
PASI100 in 42% of patients.35,68 The results improve further in the continuation of therapy, in fact, at week 52 PASI90 is 
reached in 78% of patients and PASI 100 in 68% of patients, demonstrating the high efficacy and maintenance of the 
therapeutic response of the therapy over time.68 Regarding efficacy and safety, a study was conducted with a sample of 
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181 patients with moderate-to-severe psoriasis treated with brodalumab for 264 weeks. Efficacy data show that PASI75 
was achieved at week 8 in 94.9% of patients with therapeutic response maintained in more than 80% of patients for 4– 
264 weeks, while PASI100 was achieved in 64% of patients at week 8 maintaining therapeutic response in more than 
50% of patients until week 240 demonstrating very good long-term maintenance of therapeutic response.69 Safety results, 
assessed at week 264, showed the occurrence of AEs in 177 patients (97.8%), the most common being upper respiratory 
tract infections (53%) and arthralgia (20%). More severe AEs were identified in 41 patients (22.7%) although no direct 
correlation with the drug was identified. Only myocardial infarction was identified in 3 patients (1.7%). At week 264, no 
suicides were identified, and only one suicidal ideation was reported (0.55%).69 Efficacy and safety data in the pediatric 
population with moderate-to-severe psoriasis are not yet available, but brodalumab, based on data obtained in the adult 
population, could be an excellent therapeutic opportunity in the future as it is characterized by a rapid therapeutic onset, 
high skin clearance rate and maintenance of therapeutic response in long-term therapy due to good safety and patient 
compliance data.

Bimekizumab
Bimekizumab is a humanized IgG1 monoclonal antibody approved for the therapeutic management of moderate-severe 
plaque psoriasis unresponsive to traditional systemic therapies.70 It acts by inhibiting interleukin IL-17 (A and F). The 
advantages of bimekizumab include a rapid therapeutic onset, which can be seen as early as week 4, and excellent long- 
term efficacy data (52 weeks) with a good safety profile.71 A phase III study (BE READY) randomized 435 patients to 
receive bimekizumab 320mg every 4 weeks.72 Efficacy at week 16 showed that PASI90 was achieved in 91% of patients 
and PASI100 in 68% versus only 1% of patients taking placebo. At week 16, IGA scores of 0/1 were achieved in 93% of 
bimekizumab-treated patients versus 1% of placebo-treated patients. Patients who had reached PASI90 were re- 
randomized into 3 groups: 1. Bimekizumab 320mg every 4 weeks. 2. Bimekizumab 330mg every 8 weeks. 3. Placebo 
every 4 weeks. At week 56, most re-randomized patients in groups 1 and 2 had PASI90 compared to patients taking 
placebo (group 3).72 Safety data showed, at week 16, the occurrence of AEs in 61% of patients treated with 
bimekizumab, while at week 56 AEs were reported in 74% of patients in group 1 and 77% in group 2. Overall, only 
3 (1%) cases required therapeutic discontinuation due to AEs.72 To date, there are no data supporting its efficacy and 
safety in the pediatric population with moderate-to-severe psoriasis. The data obtained in trials in which the population is 
made up of adult patients show high efficacy from the first weeks of therapy and a long-lasting maintenance of the 
therapeutic response with acceptable safety, bimekizumab, although further studies are needed, could represent a drug 
with high speed of action and good tolerability in the panorama of therapeutic strategies for pediatric psoriasis that is not 
responsive to traditional therapies.

Anti IL-23
IL-23 is a pro-inflammatory interleukin consisting of two main subunits IL-23p19 and IL-12p4073,74 that is closely 
implicated in the pathogenesis of psoriasis. Specifically, IL-23 is produced by plasmacytoid dendritic cells and through 
binding to its receptor (IL-23R) triggers an inflammatory cascade responsible for the differentiation of naïve 
T lymphocytes into TH17 lymphocytes responsible for the secretion of other cytokines that play a fundamental role in 
the inflammatory process responsible for the clinical manifestations of psoriasis and its complications, such as IL-17. In 
turn, the cytokine IL17 is responsible for the proliferation of keratinocytes that induce the release of IFN-alpha, IFN-beta 
and cathelicidin, which mediate the release of the interleukin IL-23, triggering a vicious circle that self-fuels the 
inflammatory process.74–76 The upstream role of the inflammatory process allows the manifestations of psoriasis to be 
inhibited extremely effectively and may also represent the rationale for which these drugs have excellent long-term 
efficacy that is perpetuated even after therapeutic discontinuation.77 Improved knowledge of the role of IL-23 in the 
pathogenesis of psoriasis has enabled the development of biologic drugs directed against this interleukin, allowing target 
therapy, including guselkumab, tildrakizumab and risankizumab. All of the above-mentioned drugs are directed against 
the IL-23p19 subunit of IL-23. Advantages of anti-IL23 include the subcutaneous administration, which is generally 
better accepted by patients than intravenous administration, and the lower frequency of administration compared to other 
biologics. Another major advantage is the maintenance of the therapeutic response over time with improved results 
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during maintenance therapy.77 In addition, anti-IL23, like anti-IL-17, have a lower risk of reactivation of latent 
tuberculous infections and viral hepatitis, although screening for latent tuberculosis and chronic viral hepatitis is still 
recommended at the preliminary visit.74,77–79 In contrast to anti-IL-17, anti-IL-23 is not associated with de novo onset or 
worsening of IBD in treated patients.80 Among the side effects, no particularly serious reactions are noteworthy, and most 
adverse drug reactions are upper airway infections and headache, demonstrating good safety data ensuring high patient 
compliance.77

Guselkumab
Guselkumab is a fully human monoclonal antibody directed against interleukin IL-23 via binding to the IL-23p19 
subunit, approved for the treatment of moderate-to-severe psoriasis unresponsive to conventional therapies and approved 
for PsA. The dosage regimen involves subcutaneous administration of 100mg at weeks 0 and 4 followed by adminis-
trations of the same dosage every 8 weeks.48 The VOYAGE 1 trial evaluated the efficacy of guselkumab by randomizing 
adult patients with moderate-to-severe psoriasis into 3 groups: 1. patients randomized to guselkumab; 2. patients 
randomized to placebo; 3. patients randomized to adalimumab. At week 16, patients taking guselkumab achieved 
PASI75 in 91.2% and PASI90 in 73.3% of patients versus 62.6% and 47.9% of patients in group 3 versus 5.7% and 
2.9%, respectively, for patients in group 2. After week 16, group 2 patients were randomized to guselkumab and at week 
48 achieved PASI75 87.8% and PASI90 76.3% of group 1 patients versus 62.6% and 47.9%, respectively, for patients 
taking adalimumab.81–83 Safety data show that the most common side effects of patients randomized to guselkumab are 
upper respiratory tract infections and nasopharyngitis, while, at week 48, the incidence of serious infections was 
overlapping for group 1 and group 3. Other serious AEs over 48 weeks were one major cardiovascular event in both 
group 1 and group 3, two basal cell carcinomas in group 1 versus one basal cell carcinoma in group 3 and two 
malignancies in group 1. Overall, guselkumab demonstrated acceptable safety as most of the adverse reactions were 
upper respiratory tract infections, nasopharyngitis, cafelea, diarrhea, and increased transaminases, while the correlation of 
guselkumab with serious AEs is still unproven and the risk of such reactions is similar to the general population. Another 
noteworthy study is the ECLIPSE trial that randomized adult patients with moderate-severe psoriasis into two groups: 1. 
randomized patients taking guselkumab; 2. randomized patients taking secukinumab. The study evaluated the efficacy of 
the two biologics up to week 44. At week 12, secukinumab had better efficacy, while, at the end of the study, PASI90 was 
achieved in 84.5% of patients receiving guselkumab and 70% of those receiving secukinumab. These data show that 
secukinumab has a higher speed of action than guselkumab, but over the long-term guselkumab has greater 
efficacy.81,82,84 To date, there are no clinical trials concerning the efficacy and safety of guselkumab in pediatric patients, 
and the only scientific evidence is represented by a few case reports in pediatric patients with plaque psoriasis 
unresponsive to conventional therapies and at least one biologic; in these clinical cases, guselkumab proved to be 
extremely effective, guaranteeing almost complete skin clearance of the lesions without the development of any AEs.85,86 

Although data are insufficient, guselkumab could represent an effective and safe drug for pediatric patients with 
moderate-to-severe psoriasis.

Tildrakizumab
Tildrakizumab is a humanized monoclonal antibody directed against IL-23 by binding to the IL-23p19 subunit, through 
its inhibition it acts on the inflammatory process implicated in the pathogenesis of psoriasis. The dosage schedule 
involves subcutaneous administration of 100mg at weeks 0 and 4 followed by administration of the same dosage every 
12 weeks, and the frequency of administration that characterizes tildrakizumab ensures better compliance than other 
biologics.48,87 Efficacy and safety were evaluated in the phase 3 reSURFACE 1 trial randomizing adult patients with 
moderate-to-severe psoriasis into 3 main groups: 1. Patients randomized to tildrakizumab 200mg; 2. At week 12, PASI75 
was achieved in 62.3% of patients in group 1 versus 63.8% of patients in group 2 versus 5.8% of patients in group 3. 
After week 12, the placebo group was re-randomized into groups 1 and 2. At week 28, PASI75 was achieved in 81.9% of 
patients in group 1 versus 80.4% of patients in group 2, demonstrating that both dosage regimens had overlapping 
efficacy. After week 28, patients with a PASI greater than or equal to 75 were re-randomized to either tildrakizumab at 
the same dose or placebo, while group 2 patients with a 50<PASI>75 were re-randomized to tildrakizumab at the same 
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dosage or tildrakizumab at the 200mg dose. The final phase of the study, at week 64, demonstrates the maintenance of the 
therapeutic response in the long term.87–91 The safety studied in this study shows that the most common AEs are 
nasopharyngitis and upper respiratory tract infections, headache, diarrhea and injection site reactions, while the incidence 
of serious AEs is no different from the general population.87–90 There are no clinical trials or even case reports in the 
literature that provide data on the efficacy and safety of tildrakizumab for the therapeutic management of moderate-to- 
severe psoriasis in pediatric patients. Clinical trials will be needed to show that the efficacy and safety demonstrated in 
the adult population is similar for pediatric patients, thus representing a promising prospect in forms of moderate-to- 
severe psoriasis not responsive to traditional therapies.

Risankizumab
Risankizumab is a humanized monoclonal antibody directed against interleukin IL-23 that acts by binding the IL-23p19 
subunit, thus inhibiting its role in the pathogenesis of psoriasis. The dosage regimen is 150mg at weeks 0 and 4 followed by 
administration at the same dosage every 12 weeks, achieving good patient compliance.48,92 Efficacy and safety were evaluated 
in the UltIMMa-1 trial randomizing adult patients with moderate-severe psoriasis unresponsive to traditional therapies into 
three groups: 1. patients randomized to Risankizumab; 2. patients randomized to Ustekinumab; 3. patients randomized to 
placebo. At week 16, PASI90 had been achieved in 75.3% of patients in group 1 versus 42% of patients in group 2 versus 4.9% 
in group 3. After week 15, patients in the placebo group were re-randomized to risankizumab until week 52. At week 52, 
PASI90 was achieved in 81.9% and sPGA 0/1 in 86.2% of group 1 patients versus 44% and 54% in group 2 patients, 
respectively.48,92–95 These data show high efficacy of risankizumab compared to both placebo and ustekinumab with adequate 
maintenance of response over time. The study also evaluated the safety of risankizumab, and the data show that AEs occurred 
in 49.7% of patients versus 50% of patients taking ustekinumab and 51% of patients taking placebo; thus, both biologics used 
in this study had a comparable incidence of AEs to placebo. The most frequent AEs included upper airway infections and 
injection site reactions, but, in most cases, they were minor and did not require discontinuation of therapy.92,94 It also seems to 
be associated with a higher incidence of mycosis.92 AEs are very rare, with major cardiovascular events occur in 0.5%, serious 
infections in 1.5% and neoplasms in 0.7% of patients treated with risankizumab.95 Overall, risankizumab represents a well- 
tolerated drug, another factor guaranteeing the excellent compliance that characterizes this biologic. To date, there are no 
clinical trials demonstrating efficacy and safety in the pediatric population. Potentially, risankizumab, for its high compliance 
and efficacy with acceptable safety, could represent a very useful drug for psoriasis in the pediatric population.

Small Molecule
Apremilast
Apremilast is a small molecule that acts by inhibiting PDE4, thereby promoting cell maturation and anti-inflammatory processes, 
thereby acting on both processes underlying the clinical manifestations of psoriasis. Inhibition of PDE4, specifically, induces an 
intracellular increase in cyclic adenosine monophosphate (cAMP) which in turn induces increased activation of PKA, which 
phosphorylates and activates numerous transcription factors implicated in the modulation of inflammatory and cell maturation 
processes.96,97 Dosage is 30 mg taken orally twice daily, approximately 12 hours apart (morning and evening), with no 
restrictions on food intake.98 Advantages of apremilast include the oral mode of administration, which is well accepted by 
patients and allows for good compliance. The most important advantage is its efficacy in the therapeutic management of 
palmoplantar psoriasis as demonstrated in the ESTEEM 1, ESTEM 299,100 and in the management of psoriasis of difficult areas 
such as nails and scalp as demonstrated in the ESTEEM 1, ESTEM 2 and UNVEIL studies.99–102 In the UNVEIL study, patients 
with moderate-severe plaque psoriasis were randomized into two groups: 1. Patients randomized to apremilast 30mg BID; 2. 
Patients randomized to placebo. Efficacy was assessed at week 16 by PGAxBSA score with results for apremilast of −48.1% 
versus −10.2% for placebo group patients and PASI75 achieved in 21.6% of group 1 patients versus only 8.2% of group 2 
patients. After week 16, patients taking placebo were re-randomized to apremilast 30mg BID and evaluated until week 52. The 
results at the end of the study showed a PGAxBSA of −55.5% and PASI75 in 26.4% for patients who had been taking apremilast 
since the beginning of the study versus the PGAxBSA of −42.2% and PASI75 in 37.5% of patients who started taking apremilast 
after week 16.101 Efficacy evaluation was studied in the ESTEEM 1 and 2 trials showing that most AEs were mild and were 
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represented by diarrhea (17.3%), nausea (15.7%), upper respiratory tract infections (15.5%), nasopharyngitis (14.4%) and 
headaches (6.3%); all AEs that did not involve discontinuation of ongoing therapy.99,100,103 Three deaths were reported during the 
two studies from heart attack, stroke, and severe mitral stenosis, but no correlations between the occurrence of these events and 
apremilast therapy were demonstrated103 apremilast was also associated with an increased incidence of depression. The 
ESTEEM study shows that there is no increased incidence of depression in patients with psoriasis, whereas, for patients with 
psoriasis, anxiety disorder, depression and suicidal ideation are often identified among the comorbidities compared with the 
general population regardless of the therapy practiced.104–107 Overall, apremilast is an innovative drug with good efficacy and 
excellent compliance with acceptable safety. In the pediatric population, there are few data regarding the efficacy and safety of 
apremilast. A clinical trial randomized pediatric patients (adolescents and children) into 3 main groups: 1. Adolescents 
randomized to apremilast 30mg BID; 2. Adolescents randomized to apremilast 20mg BID; 3. Children randomized to apremilast 
20mg BID. Efficacy data show, at week 16, the percentage change in PASI score of −69.6 for group 1, −66.5 for group 2 and 
−79.3 for group 3. The safety data do not differ from the data for the adult population, in that the most common AEs are like those 
demonstrated in the adult population and are all reactions that do not induce discontinuation of ongoing therapy. A very common 
AE in the pediatric population is abdominal pain.108 Although more studies and clinical trials related to both efficacy and safety 
of apremilast in the pediatric population are needed, this always represents a well-tolerated drug with good efficacy for the 
management of psoriasis in such patients.

Conclusion
The management of moderate-to-severe forms of pediatric psoriasis still represents a challenge for dermatologists, due to 
the need of systemic treatments, which may raise several concerns among both patients and parents/caregivers. In this 
scenario, although systemic conventional treatments may still represent a useful management strategy, in unresponsive 
patients, as well as in those presenting contraindications, biological therapies may have a key role in the management of 
psoriasis in childhood ages. To date, only few biologics received the approval for these ages. However, increasing 
literature data have been reported, showing newer biological classes (anti IL-17 and anti-IL-23) as a safe and effective 
treatment in childhood psoriasis. Although no safety concerns have been raised during trials, further studies are needed to 
better evaluate the efficacy and safety of newer agents in pediatric ages, with trials and studies involving a higher number 
of patients, and even real-life studies, enrolling patients from the daily dermatological practice.
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