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Abstract

Background: Phototherapy is one of the widely used therapeutic options in dermatology, and
it has proven effective for many dermatological conditions. It includes various modalities such
as heliotherapy, broad-band UVB, narrow-band UVB, excimer laser, UVA1, UVA with Psoralens
(PUVA), among others. The mechanisms behind phototherapy’s efficacy include proapoptotic,
immunomodulatory, propigmenting, antifibrotic, and antipruritic effects. In this context, the
effectiveness of this modality has been demonstrated in pediatric patients with various condi-
tions; however, no consensus has yet been established regarding its use in this population.
Methods: A comprehensive literature review was conducted to identify the most recent studies
and advancements in the use of phototherapy in the pediatric population.

Results: Phototherapy is a safe and effective therapeutic modality that can be used in mul-
tiple conditions, such as psoriasis, vitiligo, atopic dermatitis, mycosis fungoides, pityriasis
lichenoides, and actinic prurigo, among others. The therapeutic outcomes depend on the condi-
tion being treated, the type of phototherapy used, and the appropriate selection of patients.
Conclusions: The phototherapy with NB-UVB is the most commonly use and preferred modality
due to its efficacy and lower risk associated. Careful monitoring is recommended to assess
long-term safety and optimize pediatric treatment protocols.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Phototherapy is a treatment that involves delivering Ultravi-
olet (UV) radiation to patients to treat various dermatologic
conditions' and has been highly effective in the manage-
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effective and safe treatment option for many skin disorders
in adults, its use in children has been more restricted due
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to concerns about the potential long-term carcinogenic risks
associated with UV exposure.® Nonetheless, there is substan-
tial evidence supporting its use in pediatric dermatology for
conditions such as vitiligo, Atopic Dermatitis (AD), psoriasis,
alopecia areata, pityriasis lichenoides, mycosis fungoides,
scleroderma, among others.*

Phototherapy has been practiced since ancient times,
with records of heliotherapy and exposure to sunlight in
ancient Egypt, China, and Hindu culture. The authors have
the Ebers Papyrus (1550 BCE), which contains the treat-
ment of vitiligo with Psoralen corylifolia and Ammi majus
extract, and the after exposure of the person to sun-
light. And many more records. In the 19th century, Nils
Ryberg Finsen (1860-1904) started using electric carbon
arc torch in the treatment of patients with lupus vulgaris,
a chronic and progressive form of cutaneous tuberculo-
sis caused by the bacterium Mycobacterium tuberculosis,
becoming the father of modern phototherapy, and subse-
quently, the use of artificial light in phototherapy took place
in the treatment of different skin diseases, till William Henry
Goeckerman (1884-1954) began using UVB light to treat
psoriasis. Since that, the field of phototherapy has been con-
stantly growing and expanding to different areas of medicine
such as neonatology, infectology, psychiatry, ophthalmology,
rheumatology, and oncology.®

Photodermatology is a crucial part of the dermatological
practice and requires appropriate knowledge and exper-
tise for the correct implementation of this treatment.? The
mechanism by which phototherapy works varies depend-
ing on the specific condition being treated and the
modality employed. However, it is generally understood
that UV light helps to modulate the immune response
that underlies many inflammatory and autoimmune skin
diseases, induces apoptosis, and modifies the cytokine
environment.®’

Phototherapy mechanisms of action that can occur simul-
taneously, among them are: proapoptotic effects (AD,
psoriasis, T-cell lymphomas), immunomodulatory effects
(AD, psoriasis, T-cell lymphomas), propigmenting effects
(vitiligo), antifibrotic effects (scleroderma, GVHD), antipru-
ritic effects (various dermatoses where pruritus is a
predominant symptom), and, probiotic and prebiotic effects
(AD, psoriasis).? Treatment options include heliotherapy
(sunlight exposure), UVA1 (340-400 nm), UVA (320-400 nm),
either alone or in combination with Psoralen (PUVA),
broadband UVB (BB-UVB: 280-320 nm), narrowband UVB
(NB-UVB: 311-313 nm), the excimer laser (UVB: 308 nm),
as well as combination therapies that involve both UVA and
UVB.%*48

Despite the existing body of evidence, there is a notable
lack of randomized controlled trials on pediatric photother-
apy, with most data coming from retrospective studies.
As a result, treatment protocols and dosing regimens are
often based on clinical experience rather than standard-
ized guidelines. Additionally, special considerations must
be considered when administering phototherapy to chil-
dren, including the safe delivery of treatments, appropriate
scheduling, and addressing long-term safety concerns.*?°
This review aims to highlight the primary indications for pho-
totherapy in children and explore the critical considerations
involved in administering UV treatments within the pediatric
population.

Material and methods

During November 2024 and February 2025, the authors
conducted a narrative review of the literature by enter-
ing the terms ‘‘phototherapy’’, ‘‘pediatric dermatology’’,
**NB-UVB’’, *"PUVA’’, **UVA1’’, “‘excimer light’’, *‘psoriasis
phototherapy’’, ‘‘vitiligo phototherapy’’ and ‘‘atopic der-
matitis phototherapy’’ into PubMed and Google Scholar. The
search was limited to articles in English and Spanish. All
three authors participated in the search and subsequently
selected the articles based on their relevance.

Indications

Principal indications, type and modality of phototherapy are
summarized in Table 1.

Psoriasis

Psoriasis corresponds to a chronic multifactorial inflamma-
tory skin disease, caused by a dysregulation of the immune
system characterized by an activation of T-cells and prolif-
eration of keratinocytes, affecting primarily skin, nails, and
joints, with the presence of erythematous-desquamative
plaques in the face, body, and extremities."’ It has a preva-
lence of 2%-3% of the global population, and it represents
4% of all dermatoses in patients younger than 16-years-old."”
The treatment is based on a step-wise approach, with the
use of topical treatment in mild cases (topical corticos-
teroids, calcineurin inhibitors, and vitamin D derivatives)
and systemic therapy in moderate and severe cases (sys-
temic immunomodulators, biological agents, phototherapy,
or photochemotherapy).’® The evidence supporting the use
of phototherapy in psoriasis primarily comes from retrospec-
tive reviews.'* The American Academy of Dermatology (AAD)
recommends phototherapy as a second-line treatment for
children with psoriasis who do not respond to initial topi-
cal therapies or in cases of extensive disease.’>'® NB-UVB
is the preferred modality due to its proven efficacy, safety,
and ease of administration in pediatric patients with pso-
riasis (Fig. 1A-B). In one of the largest studies to date,
88 children with psoriasis were treated using NB-UVB, with
92% of patients experiencing more than 75% improvement
in their condition, with full clearance achieved in 51%."”
A prospective study of 20 pediatric patients with recur-
rent guttate or plaque psoriasis showed an improvement
of a minimum of 60% after 12-weeks of treatment, with
remission rates of 90%.'® Other treatment modalities include
BB-UVB, excimer laser, and PUVA. In a study involving 30
patients with psoriasis (mean age 11 + 3.6 years) treated
with BB-UVB (mean number of treatments: 28.8 + 13.3),
93.3% of subjects experienced more than 75% improvement.
Another study that compared the safety and efficacy of the
excimer laser in adults versus children evidenced efficacy
and safety in both groups, with 12.5 sessions in children
compared with the 9.7 sessions needed in adults.'® Addi-
tionally, a small cohort of seven children with plaque or
guttate psoriasis was treated with PUVA therapy, resulting
in more than 75% clinical improvement in 83% of patients
after an average of 28 treatment sessions.?’ To assess long-
term efficacy, a retrospective study involving 75 pediatric
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Table 1 Principal indications, type and modality of phototherapy in pediatric dermatology.

Indication Modality used Clinical comment

Psoriasis UVB (nb-UVB, High efficacy, well-tolerated, prolonged
bb-UVB) remission in some cases
Excimer laser
PUVA.

Vitiligo nb-UVB NB-UVB is the most effective treatment,

providing superior facial and neck

Excimer laser repigmentation; its effects are enhanced
PUVA when combined with topical steroids or
UVA1+UVB tacrolimus.

Atopic dermatitis NB-UVB Significant improvement; well-tolerated
UVA

Cutaneous T-cell lymphoma nb-UVB High remission rates; PUVA with longer
PUVA remission duration

Actinic prurigo UVB (nb-UVB, Temporary symptom relief: seasonal
bb-UVB) prophylactic use recommended
PUVA

Pityriasis lichenoides nb-UVB. High remission rate

Alopecia areata nb-UVB Poor efficacy; excimer partially effective;
Excimer laser not recommended as standard
PUVA

Morphea / Localized scleroderma nb-UVB Effective in superficial, non-progressive
UVA1 forms; preferred in children >12-years
PUVA

Mastocytosis nb-UVB Reduced pruritus and serum tryptase
PUVA

Langerhans Cell Histiocytosis nb-UVB Complete resolution of cutaneous lesions with no

adverse effects

Graft-versus-host disease nb-UVB High response rates; NB-UVB with better
PUVA safety profile
UVA1

Prurigo nodularis nb-UVB Significant improvement; incomplete follow-up

Other conditions (urticaria pigmentosa, etc.) nb-UVB Used as photoprophylaxis and therapy for
PUVA pruritic dermatoses

patients aged 3 to 17 years evaluated the durability of pho-
totherapy. After 12-months, 52% of the 21 patients with
psoriasis remained free of clinical symptoms.’ Photother-
apy can be used alone, or combined with other treatments
such as emollients (e.g. mineral oil), topical corticosteroids,
topical calcineurin inhibitors, coal tar (Goeckerman treat-
ment), retinoids, among others.'>'* Thus, both NB-UVB and
PUVA can be safely and effectively administered to pedi-
atric patients using the same treatment protocols as those
applied in adults.?!

Vitiligo

Vitiligo is an acquired chronic autoimmune disease that
is characterized by the presence of white macules and
patches, secondary to a progressive loss of melanocytes
and alteration in their functions.?? It has a prevalence of
0.1%-4% of the global population, and approximately 50%
develop by 20-years.?® Topical therapies are the first-line
treatment for children with vitiligo, but phototherapy may
be considered if these treatments fail or in cases of exten-
sive or rapidly progressive disease.”* Several phototherapy
modalities have been used in pediatric vitiligo, including

NB-UVB, PUVA, combined UVA1 and UVB, and the 308-nm
excimer laser (Fig. 2). Historically, PUVA was frequently
used to treat vitiligo; however, it has largely been replaced
by NB-UVB due to its superior repigmentation outcomes
and the potential risks associated with PUVA in children,
such as an increased risk of malignancy.””> The first study
to explore NB-UVB use in childhood vitiligo was conducted
by Njoo and colleagues, who found disease stabilization in
about 80% of pediatric patients with generalized vitiligo
treated with NB-UVB twice weekly. Over half of the patients
experienced more than 75% repigmentation.?® Response to
therapy was positively correlated with the location of the
lesions, with better improvement seen in lesions on the
face and neck, and less improvement in acral lesions. This
is thought to be due to the lower density of hair folli-
cles in acral areas, which reduces the ability of UV light
to stimulate residual follicular melanocytes.”” For pedi-
atric patients with treatment-resistant vitiligo, combination
therapy using topical immunomodulatory agents alongside
phototherapy may offer better results than phototherapy
alone. One open-label study investigated the combination
of NB-UVB and 0.03% tacrolimus ointment in children with
symmetric vitiligo lesions. The study found a significant
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Fig. 1 (A) Six-year-old male patient diagnosed with psoriasis, presenting with intensely pruritic, erythematous, and scaly plaques
on the face, scalp, and both anterior and posterior trunk. (B) Same patient after 22 biweekly sessions of nb-UVB phototherapy,
showing significant clinical improvement with marked reduction in erythema, scaling, and pruritus.

Fig. 2 (A) Fourteen-year-old male patient diagnosed with vitiligo, presenting with an achromic patch involving the glabellar region
and extending to the right upper eyelid, associated with poliosis of the right upper eyelashes. (B) Same patient after 12 biweekly
sessions of 308-nm excimer light phototherapy with good responses and signs of repigmentation.
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increase in repigmentation at 4- to 6-months with combina-
tion therapy compared to phototherapy alone, and patients
required fewer phototherapy sessions and lower cumulative
doses to achieve clinically visible responses.?® A retrospec-
tive review of 71 patients aged 5-15 years with vitiligo,
more than half of whom had generalized vitiligo and over
a third had segmental vitiligo, found that patients with gen-
eralized vitiligo had a better response to treatment than
those with segmental vitiligo. The study reported the high-
est response rates for NB-UVB phototherapy (74% response
rate), followed by targeted phototherapy combining UVA1
and UVB (67% response). 308-nm excimer lamp photother-
apy and PUVA had marginally lower response rates (54% and
53%, respectively). Treatment duration ranged from 3- to 40-
months, with the number of treatments ranging from 20 to
209 sessions. Side effects were generally mild and included
itching, scaling, erythema, pain, sunburn, blistering, and
phototoxicity.?” In a retrospective chart review of 324 pedi-
atric patients with vitiligo, 126 patients were treated with
NB-UVB for a mean duration of 18-months, and Thirty-three
patients (29%) experienced sunburn, including 10 (7.9%) who
used home units; however, they were able to resume treat-
ment after counseling.*® Factors associated with improved
or resolved vitiligo included nonsegmental disease, fewer
signs of active disease, involvement of the face, head,
neck, and extremities, and more areas of involvement.*°
Phototherapy should be considered for pediatric vitiligo
unresponsive to topical agents with large body surface area
involvement or advancing disease.>'

Atopic dermatitis

Atopic Dermatitis (AD) is a chronic recurrent inflamma-
tory disease that is characterized by the presence of
pruritic eczematous patches in the skin. It is more fre-
quent in childhood, affecting 10%-20% of the pediatric
population.’? Topical therapy with emollients, steroids,
and/or calcineurin inhibitors is the first-line treatment for
children with AD. However, phototherapy is recommended
as a second-line treatment for patients with moderate
to severe AD who do not respond adequately to topical
therapies.”33 The AAD lists both UVA and UVB as safe and
effective treatments for childhood AD (Fig. 3A-B), either
as monotherapy or in combination with emollients and
topical steroids.** NB-UVB is the most studied light modal-
ity for pediatric AD, with numerous studies supporting its
safety and efficacy. In one of the largest retrospective
studies, Clayton and colleagues found that 40% of children
with AD treated with NB-UVB achieved complete clearance
or minimal residual disease, while 23% showed significant
improvement. The median time to remission was approxi-
mately 3-months.>> Another study reported that more than
half of their pediatric patients remained clear at one-year
follow-up after completing NB-UVB therapy.’ A prospective
cohort study of children ages 3-16 years with moderate-
to-severe AD showed a 61% reduction in mean SASSAD (Six
Area, Six Sign Atopic Dermatitis) score in 29 patients who
received phototherapy, compared to a 6% reduction in the
26 patients who deferred phototherapy. In addition, the
mean surface area involvement at the end of treatment
was 11% for the NB-UVB cohort, compared to 36% for the

unexposed cohort.*® A retrospective study of 62 patients,
aged 4 to 16, with moderate to severe AD showed that 56.9%
of patients experienced treatment success, as indicated by
improvements in Investigator Global Assessment and Eczema
Area and Severity Index (EASI) scores. Common side effects
included xerosis, pruritus, erythema, and pain. Other rea-
sons for discontinuing NB-UVB therapy included difficulties
with time commitment (9.3%), hyperactivity (2.3%), and
claustrophobia (2.3%).°’

Cutaneous T-cell lymphoma

Mycosis Fungoides (MF) is the most common cutaneous T-cell
lymphoma, but in the pediatric population, it is a rare dis-
ease, with a prevalence of 5%, but with an indolent course
and with overall good prognosis.*® Phototherapy in pediatric
patients with MF is considered a first-line treatment, with
studies supporting the efficacy of both NB-UVB and PUVA.
There are no established treatment guidelines for pediatric
MF, as the progression of the disease in children is extremely
rare and typically follows an indolent course. MF is often
diagnosed in early stages (A, 1B, IlA), and phototherapy, with
a response rate greater than 80%, is considered an effec-
tive treatment in these cases. However, since recurrences
are frequently seen after therapy is discontinued, a main-
tenance regimen and long-term follow-up are essential.*
NB-UVB is recommended as first-line therapy for early-stage
MF, particularly in younger patients with the hypopigmented
form of the disease. In refractory cases, PUVA may be con-
sidered, but the potential long-term risks of PUVA should
be carefully weighed against its benefits in managing this
cutaneous malignancy on a case-by-case basis. While direct
comparisons between NB-UVB and PUVA are lacking, some
studies suggest that NB-UVB may be associated with more
frequent recurrences than PUVA.“’ In a study by Brazzelli
and colleagues, the mean remission period for patients aged
15-19 years was 11-months following NB-UVB treatment,
compared to 30-months following PUVA. In those under 15-
years-old, complete remission for a mean of 59-months was
achieved with NBUVB alone.*’ A prospective study of 23
patients with MF found that hypopigmented MF was the most
common clinical presentation (52.2%), followed by classi-
cal MF (30.4%) and folliculotropic MF (17.4%). All patients
were treated with topical corticosteroids and phototherapy.
Complete remission was achieved in 59.1% of cases, and
partial response was seen in 40.9%. Two patients remained
asymptomatic for five years.*' NB-UVB has shown favorable
outcomes in children with the hypopigmented variant of
ME4Z

Actinic prurigo

Actinic Prurigo (AP) is a rare photodermatosis characte-
rized by the presence of an intense pruritic papulonodular
dermatitis that affects sun-exposed areas, typically the
face, neck, and upper extremities, and appears after UV
exposure.®® Its etiology is unclear, but 90% of the cases
are associated with the HLA-DR4.* It mainly appears
in childhood, and the main onset is before 10-years of
age.”® Topical corticosteroids, antihistamines, and sys-
temic corticosteroids can be used to relieve symptomatic
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Fig. 3

(A) Seventeen-year-old male patient diagnosed with atopic dermatitis presenting with pruritic, erythematous, and scaly

plaques on the body and lower limbs. (B) Same patient after 18 biweekly sessions of nb-UVB phototherapy, showing significant

clinical improvement.

manifestations.* Most photodermatoses can be treated with
preventive UV phototherapy and/or PUVA. The goal of these
treatments is to increase the patient’s tolerance to sun-
light and prevent disease flare-ups.*® Although the exact
mechanisms through which UVB and PUVA promote tol-
erance remain unclear, factors such as pigmentation and
skin thickening may contribute significantly to the protec-
tive effect.”®*” A retrospective study of 21 patients with
actinic prurigo also found some success with phototherapy.
One patient received BB-UVB therapy during the spring and
early summer, with eight treatments totaling 750 seconds
(approximately 15 MED). This patient reported positive out-
comes in preventing new lesions. NB-UVB therapy was used
in two other patients: one received 48 treatments with
a cumulative dose of 42.1 J/cm?, and the other received
11 treatments with a cumulative dose of 2.7 J/cm?. PUVA
therapy was also used in one patient, with both treat-

ments proving beneficial. However, the positive effects of
UV phototherapy were temporary, and the protective bene-
fits diminished during the winter months unless therapy was
continued.®® In a study involving five patients with actinic
prurigo, PUVA treatment was administered twice weekly
over 15-weeks. Before treatment, all patients exhibited
heightened erythemal sensitivity to UVA and an abnormal
enhancement of UVB erythema when treated with topical
indomethacin. After undergoing PUVA therapy, all patients
reported complete resolution of photosensitive symptoms,
and the skin previously exposed to UVA showed normal ery-
themal responses.*

Pityriasis lichenoides

Pityriasis Lichenoides (PL) is a Papulosquamous inflamma-
tory disease, with an acute form (PLEVA) that presents
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Fig. 4

(A) Sixteen-year-old male patient diagnosed with chronic lichenoid pityriasis presenting with lichenified, scaly plaques on

the lower back. (B) Same patient after 24 biweekly sessions of nb-UVB phototherapy, showing marked clinical improvement.

erythematous macules and papules that can present ulcer-
ation and heal with varioliform scarring, and a chronic form
(PLC), that presents erythematous papules and plaques with
a central scale with periodical relapses.’® The evidence for
the use of phototherapy in treating PL comes from multiple
small case series.' NB-UVB is the most studied treatment
modality for pediatric PL, in both its acute and chronic
forms, with strong evidence supporting its efficacy (Fig. 4).
A review of five patients (two with PLEVA and three with
PLC) treated with NB-UVB showed complete remission in all
five patients following therapy after an average of 21 ses-
sions (range 13-40 sessions), corresponding to an average
duration of therapy of 4-months (range 2-8 months). Each
patient maintained remission at follow-up visits at 3- and 6-
months.>" A systematic review of nine studies, involving 29
children treated with NB-UVB, found that 74% of patients
achieved complete clearance, 13% had partial clearance,
and 13% showed no improvement. On average, patients
required 19 sessions to achieve a response.® It is important
to consider that phototherapy does not modify the course
of the disease or its tendency to relapse, and there is no
established consensus regarding its position in the PL ther-
apeutic ladder. However, the use of NB-UVB is effective and
well-tolerated and can be considered a first-line treatment
for diffuse types or recurrent PL.%%>?

Alopecia areata

Alopecia Areata (AA) is an autoimmune disease that is cha-
racterized by nonscarring hair loss usually in patches that
can affect any part of the body.”* Its prevalence is approx-
imately 2%, and in childhood, it has a prevalence of 0.11%
and the peak is at 6-9 years.>* The first line of treatment
corresponds to the topical corticoids, followed by contact
immunotherapy.® In a retrospective review, Ersoy-Evans and

colleagues reported on 10 children, aged 1 4 to 16, with vary-
ing severities of alopecia AA who were treated with PUVA.
Of these patients, only 2 (30%) experienced complete hair
regrowth.?’ Similarly, another study assessing the use of NB-
UVB for treating six children with AA found poor response
rates, with 83% of patients reporting no improvement.>
Based on these findings and the lack of strong evidence
supporting its efficacy, phototherapy is not currently rec-
ommended as a standard treatment for AA in the pediatric
population. In contrast, some studies have shown the 308-
nm excimer laser to be an effective treatment option for
pediatric AA. In a study involving 9 children with AA, those
treated with the excimer laser twice weekly for 12-weeks
reported hair regrowth in 41.5% of the treated areas of the
scalp, while no growth was observed in the untreated control
areas.”” Additionally, a recent case report observed signif-
icant hair regrowth in a 5-year-old patient with extensive,
refractory AA, treated with khellin and excimer laser.*®

Morphea/Localized scleroderma

Morphea corresponds to a rare autoimmune and inflamma-
tory disease that affects the skin and subcutaneous tissue. It
has a wide spectrum of clinical presentations, but it is usu-
ally characterized by the presence of erythematous plaques
that progress with inflammation and then sclerosis and
depigmentation of the affected zone.*® It§ more prevalent
in Caucasians, and the mean age is between 7-11 years.® In
most patients, the topical treatment can be enough, but in
more widespread superficial disease, phototherapy (UVAT1,
UVA, PUVA, or UVB) and systemic treatment with MTX or
MMF is indicated.®®%' The current expert recommendation is
the use of UVA1 or NB-UVB, preferably for children over 12-
years of age with superficial, non-progressive morphea that
does not involve joints or occur in ‘‘non-cosmetically sensi-
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tive areas’’,” and the suggested dose of UVA1 is 60 J/cm?
to a cumulative dose of 1460 J/cm?.°° Most of the available
data supporting this approach comes from studies conducted
on adults.®® In a prospective study involving 13 patients,
including those in the pediatric age group, treatments with
systemic PUVA, topical PUVA, and NB-UVB were evaluated,
and all patients responded effectively to the treatment,
regardless of the modality chosen, with improvements evi-
dent both clinically and through ultrasound examination.®*

Mastocytosis

Mastocytosis corresponds to a rare disorder characterized
by the presence of abnormal accumulation and proliferation
of mast cells in different tissues, and the most common is
the skin, called ‘‘Cutaneous Mastocytosis’’ (CM). It is caused
by mutations in the KIT gene.® In pediatric patients, the
more frequent form of presentation is mastocytosis lim-
ited to the skin (CM) and is considered a myeloproliferative
clonal disease with a benign course, favorable outcome, and
a tendency to spontaneously resolve before puberty.® In a
retrospective study of 20 patients with CM, 10 patients were
treated with NB-UVB, and 10 with PUVA; both groups showed
a statistically significant reduction in pruritus, along with
a decrease in serum tryptase levels.®® UVB light has been
shown to have an inhibitory effect on mast cell degranula-
tion, likely by causing noncytotoxic damage to membrane
phospholipid metabolism.®” Currently, there are no stan-
dard treatment guidelines for Systemic Mastocytosis (SM)
in children. The primary treatment aim is to limit the
release of mast cell mediators by avoiding potential trig-
gering factors. The mainstay of systemic therapy consists
of second-generation H1 and H2 antihistamines, which help
reduce flushing, pruritus, and control wheal formation ¢
and phototherapy (NB-UVB) can be considered a second-line
therapy for refractory cases.®’

Langerhans cell histiocytosis

Phototherapy, specifically NB UVB, has also been explored
as a therapeutic option for Langerhans Cell Histiocytosis
(LCH) with cutaneous manifestations. However, only isolated
cases are reported in the literature. Ness MJ et al. reported
the use of NB-UVB in a pediatric patient with cutaneous
LCH lesions, showing a favorable response with minimal
adverse effects.”’ Another report documented the success-
ful treatment of a 10-month-old girl with cutaneous LCH
using NB-UVB. Initially, the patient presented with an ery-
thematous plaque on the chest, with the diagnosis confirmed
after a biopsy. Since the lesion did not respond to triamci-
nolone injections, NB-UVB was chosen, resulting in complete
resolution after 12-sessions with no adverse effects. These
cases support the efficacy and safety of NB-UVB for manag-
ing cutaneous LCH lesions in children, avoiding the use of
systemic treatments with potential side effects.”"

Cutaneous graft-versus-host disease

Cutaneous Graft-Versus-Host Disease (GVHD) is a common
complication in patients with allogeneic bone marrow trans-

plantation and can affect multiple organs, making the
skin the most frequently involved.”? Typically, acute GVHD
presents as a cutaneous rash, with erythematous, papular,
or macular pruritic eruption.”? There are multiple treat-
ment options, such as topical therapy with corticoids or
calcineurin inhibitors, systemic therapy, and physical ther-
apies (phototherapy or extracorporeal photopheresis).”* In
a study of 10 pediatric patients with refractory response to
first-line immunosuppressive treatment who were treated
with NB-UVB achieved a complete remission was achieved
in 80% of the patients.”® In a recent systematic revision, the
authors evaluated a total of 28 studies and 1304 patients,
were patients treated with PUVA the response rate was
89.9%, with a mean of 33.2 treatments, patients treated
with NB-UVB response of 94%, with a mean number of 26
treatments, patients treated with UVA1 presents a respond
of 89.3% with a mean of 26.2 treatments, but with higher
adverse events reported.’”? PUVA and UVA1 appear to be bet-
ter for the treatment of sclerotic skin manifestations.’”

Prurigo nodularis

Prurigo nodularis is a chronic skin disease that is charac-
terized by the presence of multiple itchy nodules on the
skin. For this disease, the authors found only one case of
a patient with nodular prurigo treated with 25 sessions of
NB UVB phototherapy, achieving a total cumulative dose of
18.0 J/cm?. After treatment, significant improvement was
observed, with skin that was virtually free of lesions accord-
ing to the PGAS scale. However, the patient was lost to
follow-up at 12-months.'

Other conditions

Phototherapy has also been used to treat other condi-
tions in pediatric patients, such as urticaria pigmentosa,
hydroa vacciniforme, and pruritic dermatoses.” Addition-
ally, phototherapy may be used as photo-prophylaxis for
light-sensitive cutaneous eruptions, such as erythropoietic
protoporphyria and polymorphic light eruption.”®

Practical considerations

According to the authors’ experience and the publications
on the subject, for proper selection of candidates, it is
essential to conduct a detailed medical history and thor-
ough physical examination and consider the presence of
absolute contraindications. Once these have been ruled out,
the most appropriate phototherapy modality and optimal
treatment protocol should then be selected.™ It is also crit-
ical to obtain written informed consent from the parents or
guardians before initiating treatment, ensuring they under-
stand the benefits, risks, alternatives, and expected course
of phototherapy.

Dosing and frequency protocols for phototherapy in chil-
dren can vary, as there are no established guidelines for
treatment parameters. Typically, the treatment plan begins
with calculating the Minimal Erythema Dose (MED), with the
starting dose set at 70% of the MED or lower. Subsequent
sessions usually increase by 20% per treatment. Some stud-
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ies, however, suggest a more gradual escalation of 10% per
session to minimize acute side effects such as erythema
and burning and to improve overall tolerability." It should
be noted that the initial treatment dose can also be cal-
culated based on the patient’s skin type, with progressive
increases. Adjustments may be required if there are long
intervals between sessions. In the case of PUVA therapy,
baseline, and follow-up laboratory tests such as liver func-
tion tests, renal profile, and complete blood count, among
others, should be performed due to the systemic administra-
tion of psoralens. Additionally, psoralen formulations should
be carefully selected for pediatric patients, with prefer-
ence for low-dose or liquid preparations to ensure safe and
accurate dosing.””

A retrospective study involving 98 pediatric patients with
a mean age of 10.5 years and 122 adults receiving pho-
totherapy showed no statistically significant differences in
dosage, duration, or number of sessions between the two
groups when treated with NB-UVB therapy or PUVA. A com-
plete response was achieved in 35% of pediatric patients,
and no differences were found between the pediatric and
adult groups. This study concluded that NB-UVB therapy and
PUVA are safe and effective for children and can follow the
same treatment protocols used in adults. The most common
conditions treated were psoriasis (48%), vitiligo (17%), and
atopic dermatitis (16%).78

Administering phototherapy to children presents sev-
eral challenges. One of the main difficulties is ensuring
compliance with protective eyewear, especially in younger
children, and ensuring that children remain still during
treatment, which is crucial for targeting the affected areas
and minimizing side effects.” Therefore, school-age chil-
dren are often considered the most reasonable starting point
for UVB therapy. It is also important to assess the child’s
behavioral development, including their ability to remain
still and manage separation anxiety.’* It is essential to
implement comprehensive photoprotection measures both
during and after phototherapy sessions, as the skin becomes
more sensitive to UV radiation following treatment. Physi-
cal photoprotection, such as the use of protective clothing,
including balaclavas or garments covering uninvolved areas,
is particularly important during phototherapy to shield
unaffected skin from unnecessary exposure.*”'* In paral-
lel, rigorous chemical photoprotection through the daily
application of broad-spectrum sunscreens is strongly recom-
mended outside of treatment sessions to reduce the risk of
cumulative UV-induced damage. In this context, the impor-
tance of patient and family education and the value of
obtaining written informed consent before initiating treat-
ment are crucial.

Another challenge is the frequency of treatment sessions,
which usually occur 2 to 3 times per week. This can be
difficult for both the child and the parent, especially for
school-aged children who may miss school time due to fre-
quent treatments.* Adherence to treatment is one of the
principal challenges in phototherapy, but studies suggest
that in the pediatric population, adherence is higher than
in adults. In a recent study, the main cause of incomplete
treatment the school incompatibility.”® In selected cases,
home phototherapy may be considered to improve adher-
ence and reduce logistical burdens. However, this approach
requires rigorous training for caregivers, appropriate safety

measures, regular medical supervision, and a clear under-
standing of the risks, such as burns or overexposure.*

To address these challenges, it is recommended that
children and their parents familiarize themselves with the
treatment unit. They should be allowed to enter and exit the
unit as needed. During treatment, parents may stay nearby,
with the option of keeping the door slightly ajar or stand-
ing outside to comfort the child. Over time, the goal is to
transition to unaccompanied sessions. '

Adverse effects and safety considerations

The principal acute adverse effects of phototherapy,
depending on the modality, include erythema, pruritus,
xerosis, and tanning, and the long-term effects include the
risk of photocarcinogenesis and premature skin aging.

For UVB and UVA phototherapy, short-term side effects
include erythema (appears in the first 24-hs), blistering,
xerosis, pruritus, photosensitive eruptions, and recurrent
herpes simplex virus infections. Also, the risk of photo-
toxic reactions, such as tetracyclines, fluoroquinolones,
voriconazole, azathioprine, amiodarone, and others should
be considered. Anxiety may also arise in some patients and
should be discussed before treatment. However, these side
effects can be controlled with the education of the patient
and correct selection of modality, dosing and dose adjust-
ment, protection of the unevolved areas, monitoring of
cumulative UV doses, and full-body skin examination.” There
is no measurable evidence of increases in photocarcinogen-
esis in patients treated with NB-UVB and UVA1.%7%:80

In clinical practice, the decision to initiate phototherapy
must be preceded by a careful evaluation of contraindica-
tions and precautionary conditions. These include absolute
contraindications (e.g., photosensitivity syndromes, history
of melanoma), relative contraindications (e.g., pregnancy,
immunosuppression, pediatric age), and specific precautions
(e.g., use of photosensitizing drugs, previous radiation expo-
sure, ocular protection) that vary slightly depending on the
modality used (NB-UVB vs. PUVA), a detailed summary of
these conditions are provided in Table 2. This stratifica-
tion is essential for optimizing safety and minimizing risk,
particularly in vulnerable populations. '8!

Some studies have reported safe cumulative doses of up
to 1985 mJ/cm? in dark-skinned populations without observ-
ing cutaneous malignancy during long-term follow-up. The
AAD guidelines recommend maximum doses per session that
vary according to phototype, reaching up to 5000 mJ/cm?
for phototypes V-VI.82 However, they do not establish an
absolute limit for cumulative dose or number of sessions. In
clinical practice, between 50 and 200 sessions are typically
performed, and there are reports of patients treated with
over 500 sessions without a significant increase in skin can-
cer risk.>*83 On the other hand, it is known that the risk of
melanoma increases significantly after more than 200 PUVA
sessions, particularly after 15-years of follow-up.?? Regard-
ing cumulative dose, studies in dark-skinned populations
have reported up to 2085 J/cm? of UVA without observ-
ing malignancy. However, in fair-skinned populations, it is
recommended to limit cumulative exposure and the total
number of sessions, ideally not exceeding 150-200 sessions
over a lifetime.?* For UVA1, protocols vary, but at least 8 ses-
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Table 2 Contraindications and considerations of the use of UVB and PUVA phototherapy.*®'

Contraindication

UVB phototherapy

PUVA phototherapy

Absolute

Relative

Precautions

e Genetic syndromes with photosensitivity or
cancer risk (e.g., xeroderma pigmentosum,
Bloom syndrome, Gorlin syndrome, Cockayne
syndrome). e Photosensitive dermatoses (e.g.,
systemic lupus erythematosus,
dermatomyositis). e Inability to follow or
realize treatment protocol (e.g., severe
claustrophobia, physical limitations).

o History of melanoma or non-melanoma skin
cancer. e Previous exposure to arsenic or
ionizing radiation. e Use of photosensitizing
agents (e.g., tetracyclines, retinoids, NSAIDs).
o Photodermatoses (e.g., chronic actinic
dermatitis, polymorphous light eruption, solar
urticaria). e Immunosuppression (e.g.,
transplant recipients, systemic
immunosuppressants). e Cataracts without
adequate eye protection. e Significant
systemic disease (e.g., liver/kidney failure).

e Pregnancy (requires folate supplementation
and UV dose control; and extra facial
protection to prevent melasma). e Multiple
atypical nevi / FAMMM (familial atypical
multiple mole melanoma) syndrome. e Use of
photosensitizing medications or herbs. o
History of excessive UV exposure or
photodamage. e Outdoor occupations
(additional cumulative UV exposure). o
Children under 16-years (use cautiously in ages

e Genetic syndromes with photosensitivity or
cancer risk (e.g., xeroderma pigmentosum, Bloom
syndrome, Gorlin syndrome, Cockayne syndrome).
e Photosensitive dermatoses (e.g., systemic lupus
erythematosus, dermatomyositis). e Pregnancy
and breastfeeding (oral PUVA). e Severe Hepatic
or renal impairment (oral PUVA). e
Hypersensitivity or intolerance to psoralen. e
Untreated cataracts.

o History of melanoma or non-melanoma skin
cancer. e Current premalignant skin lesions. e
Prior arsenic or radiation exposure. e Bullous
pemphigoid/Pemphigus. e Immunosuppression. e
Hepatic or renal impairment. e Allergy or
intolerance to psoralens. e Uncontrolled epilepsy
(risk of light-induced seizures).

e Ophthalmologic evaluation. e Over 200 lifetime
PUVA sessions (increased risk of squamous cell
carcinoma). e Genital Male protections (increased
cancer risk). e Patients with cognitive or
adherence difficulties. e History of excessive UV
exposure or photodamage e Outdoor occupations
(additional cumulative UV exposure). ¢ Children
under 10 (prefer NB-UVB in pediatric cases).

6-16).

NSAIDs, Non-Steroidal Anti-Inflammatory Drugs.

sions with medium-to-high doses (up to 40 J/cm? per session)
are generally required for a clinical response. No absolute
limit for cumulative dose or maximum number of sessions
has been established in the reviewed literature.®

For PUVA, oral psoralens can cause nausea and
vomiting.® Short-term side effects of PUVA include ery-
thema (which appears in 48-72 hours), swelling, and blister
formation. Additionally, PUVA therapy can induce cataracts,
and because the ocular lens is more permeable at a younger
age, oral PUVA is relatively contraindicated in children
younger than 12-years old.®” Long-term effects of PUVA
include photoaging, pigmentary changes, rhytides, xero-
sis, actinic damage, and PUVA lentiginosis (freckling).'*8
Evidence has found that PUVA is associated with a significan-
tly increased risk of developing Squamous Cell Carcinoma
(SSC) and Actinic Keratoses (AK) principally, but also, in
lower incidence, in melanoma and Basal Cell Carcinoma
(BCC).8:80

Absolute contraindications for phototherapy include pho-
tosensitive and skin cancer-predisposing disorders, such as
xeroderma pigmentosum, systemic lupus erythematosus,
and Gorlin syndrome.”> A family history of skin cancer
should also be considered, although it is not necessarily a
contraindication.'

A monocentric retrospective study of 90 children under
the age of 16 who received a total of 790 phototherapy
sessions (averaging three sessions per week) found that
phototherapy was generally well tolerated. Among these
patients, 52% were treated for psoriasis, with other indi-
cations including vitiligo (19%), atopic dermatitis (11%),
pruritus/prurigo (9%), and alopecia areata (9%). Mild ery-
thema occurred in 15% of the patients, and 32% of patients
discontinued treatment, primarily due to difficulty bal-
ancing treatment schedules with parental employment or
children’s school hours.? A retrospective review of 100 chil-
dren under 18 who received NB-UVB, BB-UVB, or PUVA
photochemotherapy also found that treatments were well
tolerated. Grade 2 erythema or higher occurred in 46% of
children, but more severe reactions (Grade 3 and 4) were
infrequent, and only three children stopped treatment due
to burning.?

The primary long-term risk of phototherapy in children
is the potential development of cutaneous malignancy due
to repeated UV exposure. However, this potential risk must
be weighed against the benefits of treatment. A retrospec-
tive cohort study involving 3,506 patients, 16 to 100 years,
with a median age of 50-years at follow-up, treated with
BB-UVB, NB-UVB, and/or combined UVA, with a mean follow-
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up of 7.3-years, assessed the incidence of skin cancer. Most
patients had psoriasis (60.9%) or eczema (26.4%), and the
median number of treatments was 43 (ranging from 1 to
3,598). Overall, 170 skin cancers were reported, including
17 melanomas, 33 SCC, and 120 BCC. There was no sig-
nificant difference in the incidence of these skin cancers
compared to the general population, and no cumulative
dose-response correlation between UVB exposure and skin
cancer was observed.®® However, this potential risk war-
rants special consideration in children due to their longer
life expectancy and the possibility of increased carcinogenic
risks that may become evident later in life.*

Phototherapy in the era of biologics

Phototherapy remains one of the most evidence-based and
safest treatment modalities in dermatology for managing
a range of skin diseases. Phototherapy is one of the most
evidence-based and safe treatments in dermatology for
managing various skin diseases. Its most common indications
include psoriasis, vitiligo, and atopic dermatitis, among oth-
ers. However, the emergence of new therapies, such as
biological drugs, has raised questions about the continued
role of phototherapy within the treatment landscape for
these conditions. For example, in vitiligo, the combination
of topical JAK inhibitors, such as ruxolitinib, with NB-UVB
phototherapy may exert a synergistic effect on repigmen-
tation. However, robust evidence is currently limited to
adult populations, and further data are needed in pediatric
patients.®

A comparative study that evaluated the clinical response
of patients with psoriasis treated with oral PUVA versus
biologic treatments showed that oral PUVA was compa-
rable to the one treated with infliximab and superior to
etanercept, efalizumab, adalimumab, and Ustekinumab.”
A recent patient-reported study of patients with psoria-
sis treated with NB-UVB versus adalimumab versus placebo
showed that both therapies improve skin-related quality of
life and overall health-related quality of life after 12 weeks
of treatment.”’

The cost of a treatment is also an important factor to
consider; an analysis made in 2010 estimated that bio-
logic agents, such as adalimumab, cost at least twice
that of NB-UVB and PUVA combined.”-°? Despite significant
advancements in the management of dermatological dis-
eases, phototherapy remains the treatment of choice for
patients with underlying conditions that preclude the use
of systemic therapies, a history of toxicity, drug interac-
tions, refractoriness to systemic treatments, or economic
considerations.?

Conclusion

Phototherapy is an effective and well-tolerated treatment
option for pediatric patients with various skin conditions,
including psoriasis, atopic dermatitis, vitiligo, and others.
The decision to initiate phototherapy in pediatric patients
should be made on a case-by-case basis, considering factors
such as the severity and extent of the condition, previous
treatment responses, the child’s age and behavior, as well as
the family’s ability to consistently adhere to the treatment
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regimen. NB-UVB is the widely used and preferred modal-
ity due to its efficacy and lower risk, is well tolerated in
children, but there is a clear need for studies reviewing its
long-term side effects. It is important to note that treat-
ment protocols in this population often lack standardization
and are frequently extrapolated from adult experiences,
underscoring the urgent need to develop pediatric-specific
guidelines. While current evidence supports the use of pho-
totherapy in children, long-term studies are still needed to
establish optimal dosing regimens, better define safety over
time, and evaluate its true impact on quality of life. In this
regard, the implementation of innovative strategies, such
as home-based phototherapy, could represent a significant
advance in accessibility and treatment adherence.
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