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Abstract Phototherapy is a second-line treatment for moderate to severe atopic dermatitis (AD) that effectively
decreases cutaneous inflammation with minimal or no systemic side effects. Children in grade school,
adolescents, and adults may benefit from phototherapy, when they have chronic AD refractory to first-line
topical treatments. This review focuses on six approaches for phototherapy in AD: (1) broadband ultraviolet
B (UVB), (2) Goeckerman regimen (coal tar + broadband UVB), (3) narrowband UVB, (4) excimer lasers
for targeted areas, (5) combination UVA/UVB, and (6) UVA-1. Phototherapy can be very effective in some
individuals, but it is limited by inconvenience and adverse effects, including limited access to in-office
treatment, difficulty adhering to thrice-weekly schedule, flaring from excessive heat, and increased risk of skin

cancer. Dosing regimen and treatment concerns are reviewed.
© 2016 Published by Elsevier Inc.

Introduction

Atopic dermatitis (AD) is a chronic, relapsing and
remitting, inflammatory skin disease that is intensely pruritic.
AD occurs most frequently in children, and childhood disease
may persist into adulthood in up to 85% of cases.! AD is
characterized by immune system activation? and defective
skin barrier function, resulting in increased susceptibility to
pathogens and allergens.>
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Management of AD

Most patients with mild AD can achieve clinical improve-
ment and short-term control of acute symptoms with topical
emollients and anti-inflammatory agents, such as topical
corticosteroids and calcineurin inhibitors, along with avoid-
ance of triggers (eg, irritants and excess heat). Although these
are effective in controlling mild AD, they are usually insuffi-
cient for inducing remission in more severe disease.

Limited options are currently available for the treatment of
moderate to severe AD. These consist of phototherapy and
systemic immunosuppressive agents, such as systemic cortico-
steroids, cyclosporine A, methotrexate, and azathioprine; how-
ever, systemic corticosteroids, cyclosporine A, and other
immunosuppressive agents all have major side effects limiting
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long-term use. Although frequently used in clinical practice,
oral antihistamines and systemic antimicrobials have scant sci-
entific data supporting their efficacy.* Due to its efficacy and
low side-effect profile, phototherapy is considered second-
line treatment in children and adults with refractory AD.>

Phototherapy was first reported as a dermatologic treatment
in 1925, when William Goeckerman (1884-1954) of the May
Clinic formulated a regimen consisting of applying crude coal
tar followed by exposure to broadband ultraviolet light B
(BBUVB) for the treatment of refractory or severe psoriasis.®
In the 1920s, it was also observed that AD improved in sea-
air climates during the summer season; however, it was not
until 1948 that the efficacy of BBUVB light with carbon
arc lamps was found to be an effective treatment for AD.”
Morison, Parrish, and Fitzpatrick from the Massachusetts
General Hospital published a trial in 1978 that jumpstarted
the study of phototherapy as a treatment for AD. They reported
clearing of refractory AD in 15 patients with oral administra-
tion of 8-methoxypsoralen followed by exposure to long-
wave ultraviolet A irradiation (PUVA).>8 It is now believed
that the primary mechanisms of UV irradiation in AD and
other inflammatory skin diseases are via photoimmunosup-
pression and immunomodulation.

Multiple forms of light therapy have been reported to be
effective in AD. This review focuses on six modalities
of phototherapy:

. BBUVB

. Goeckerman regimen

. Narrow-band UVB (NBUVB)

. Excimer lasers for targeted areas

. Combination UVA/UVB

. UVA-1, which has limited availability in the United States
(Table 1).

AN AW =

Psoralens and UVA (PUVA) is a type of photochemother-
apy and is beyond the scope of this review.

Guidelines

The American Academy of Dermatology Guidelines of
Care for the Management of AD assessed the evidence for

Table 1
dermatitis

UVB
Broadband UVB (290-320 nm)
Goeckerman regimen: coal tar and broadband UVB
Narrowband UVB (311-313 nm)
Excimer laser (308 nm)
UVA
UVA-1 (340-400 nm)
Psoralens and UVA (PUVA)
Combined UVA/UVB (280-400 nm)

Phototherapy modalities for the treatment of atopic

Table 2 Recommendations for the use of phototherapy

® Phototherapy is a second-line treatment, after failure of
first-line treatment (emollients, topical corticosteroids,
and topical calcineurin inhibitors).

® Phototherapy can be used as maintenance therapy in patients
with chronic disease.

® Phototherapy treatment of all forms should be under the
guidance and ongoing supervision of a physician
knowledgeable in phototherapy techniques.

® The light modality chosen should be guided by factors such as
availability, cost, patient skin type, skin cancer history,
and patient use of photosensitizing medications.

® The dosing and scheduling of light should be based on
minimal erythema dose and/or Fitzpatrick skin type.

® Home phototherapy under the direction of a physician may be
considered for patients who are unable to receive
phototherapy in an office setting.

Reproduced with permission from Sidbury et al.*

phototherapy.* Evidence level assigned to in-office photother-
apy for AD was IIB, whereas home phototherapy was assigned
only IIIC. These indicate that the utility has not been demon-
strated in larger, more rigorous studies. Recommendations in-
cluded supervision by an experienced physician and usage of
phototherapy as a second-line therapy in AD, after failure of
first-line treatment with emollients, topical corticosteroids,
and/or topical calcineurin inhibitors (Table 2). Phototherapy
can be administered as monotherapy or combination therapy
with emollients and topical corticosteroids. The steroid-
sparing effect of phototherapy is considered a beneficial fea-
ture of therapy. Combination therapy with phototherapy and
topical calcineurin inhibitors should be avoided due to the the-
oretical cancer risk cited in the black box warning on the top-
ical calcineurin inhibitor labels.

Phototherapy can be used in short courses for clearance or
longer courses with variable scheduling for maintenance in pa-
tients with chronic disease. A minimum 3-month trial is usual-
ly undertaken, provided the patient can access and tolerate
therapy. Major barriers to patient access for phototherapy in-
clude local availability, travel time, missed school or work,
coverage by insurers, out-of-pocket costs, patient skin type,
skin cancer history, and use of photosensitizing medications.
Dosing is guided by Fitzpatrick phototype as per the American
Academy of Dermatology guidelines (Tables 3 and 4). Home
phototherapy under physician supervision is recommended as
backup for patients, who are unable to access in-office photo-
therapy twice or thrice weekly.’

NBUVB was cited as the most commonly used wavelength
and modality of light-based therapy for AD. NBUVB and
combination UVA/UVB have largely replaced older modali-
ties, such as BBUVB and UV A-1. The guidelines also address
pediatric usage and comment on good data to support efficacy
and tolerability but not on long-term data on carcinogenicity.
Neither localized laser light such as pulsed dye, excimer, and
diode, nor systemic extracorporeal photochemotherapy has
been endorsed based on more limited evidence.
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Table 3  Dosing guidelines for broadband ultraviolet B

According to skin type

Skin type Initial UVB dose, mJ/cm? UVB increase after each treatment, mJ/cm?
I 20 5

11 25 10

111 30 15

v 40 20

A% 50 25

VI 60 30

According to MED

Treatment Initial UVB dose, mJ/cm? UVB increase after each treatment, mJ/cm?>
Initial 50% of MED —

2-10 — Increase by 25% of initial MED

11-20 — Increase by 10% of initial MED

>21 — As ordered by physician

If subsequent treatments are missed for

Prior treatment Dose adjustment

4-7 days Keep dose same

1-2 weeks Decrease dose by 50%
2-3 weeks Decrease dose by 75%
3-4 weeks Start over

MED, minimal erythema dose; UV, ultraviolet.
Administered 3-5 times/week.
Reproduced with permission from Sidbury et al.*

NBUVB can be administered initially based on phototypes;
however, minimal erythema dose (MED) testing is preferred.
Ongoing monitoring of bulb emission and UV output are needed
to maintain precise delivery of UV therapy. Therapy can be
administered once to three times weekly, with weekly long-
term maintenance required in some patients with chronic disease.

Broadband UVB (290-320 nm)

Broadband UVB (BBUVB) phototherapy began with the use
of carbon arc lamps in 1948'° and has since been used success-
fully for many years as a treatment for AD. BBUVB with a dosing
of .5-1.0 MED was significantly more effective than visible light,
with complete healing of lesions in most patients. The same study
showed no significant differences in efficacy between .8 versus .4
MED doses of BBUVB in 25 patients.!! This supports a regimen
in which providers begin BBUVB therapy with lower dosing
and incrementally increase when disease is refractory.

Goeckerman regimen (coal tar + BBUVB)

Today, many centers still use the Goeckerman regimen in
combination with topical corticosteroids, oral antihistamines,
emollient baths, and/or systemic agents.!? Although the

Goeckerman regimen is used worldwide to treat AD,'34 evi-
dence for its efficacy in AD is limited to a few retrospective
studies. %1215 Despite its efficacy and relatively safety, Goeck-
erman therapy is not commonly used in AD. This is largely due
to concerns about carcinogenicity from tar, as well as increased
cost to payers for inpatient care, and replacement with NBUVB
and other outpatient newer phototherapy modalities.

Narrowband UVB (311-313 nm)

NBUVB is indicated for treating moderate to severe AD.
NBUVB offers several benefits, including being steroid sparing,
longer lasting, and less erythemogenic than BBUVB.!®
NBUVB is often considered the first-line phototherapy among
providers owing to its efficacy, availability, case of administra-
tion, and minimal side-effect profile.!” Tolerability of NBUVB
for AD can be limited by overheating and perspiration, both
of which may trigger AD flares. Air-conditioned NBUVB regi-
mens can overcome these problems and have been shown to be
quite effective.!® NBUVB has been shown to be as or more effective
than visible light, UVA, medium dose UVA-1, and PUVA.!7-19-23

NBUVB combined with other therapies has also been
reported to be effective. In a trial of 7 adults aged 28-40 years,
an 8-week neoadjuvant course of oral cyclosporine A (4-5 mg/kg/day
until clinical improvement was achieved [average ~4 weeks],
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Table 4 Dosing guidelines for narrowband ultraviolet B

According to skin type

Skin type Initial UVB dose, mJ/cm? UVB increase after each treatment, mJ/cm? Maximum dose, mJ/cm>
I 130 15 2000
I 220 25 2000
III 260 40 3000
v 330 45 3000
A% 350 60 5000
VI 400 65 5000
According to MED

Treatment Initial UVB dose, mJ/cm? UVB increase after each treatment, mJ/cm?>

Initial 50% of MED —

2-20 — Increase by 10% of initial MED

>21 — Increase as ordered by physician

If subsequent treatments are missed for

Prior treatment Dose adjustment

4-7 days Keep dose same

1-2 weeks Decrease dose by 25%

2-3 weeks Decrease dose by 50% or start over
3-4 weeks Start over

Maintenance therapy for NBUVB after >95% clearance

Interval between doses Duration Dose adjustment

1 week 4 weeks Keep dose same

2 weeks 4 weeks Decrease dose by 25%
4 weeks Ongoing 50% of highest dose

MED, minimal erythema dose; NB, narrowband; UV, ultraviolet.
Reproduced with permission from Sidbury et al.*

then decreased to 2-3 mg/kg/day for 4 weeks) followed by a wash-
out phase of 4-6 weeks and consecutive NBUVB therapy (3
times weekly for 2-3 months), demonstrated a sustained im-
provement in the scoring of atopic dermatitis index of 50%
or more, relative to baseline.>* The scoring of atopic dermatitis
index is a validated scoring system in AD that evaluates six
items: erythema, edema, excoriations, lichenification, oozing/
crusts, and dryness. NBUVB can be beneficial in pediatric
AD, but it is limited by age, compliance, and maturity.?3-28
Few studies have examined the mechanism(s) of action of
NBUVB in AD. A trial of 12 adults with moderate to severe chron-
ic AD found that NBUVB 3 times weekly either until clearance or
12 weeks reversed epidermal dysfunction and immune activation,
suppressed Th2 and Th22 axes, eliminated inflammatory leuko-
cytes, and normalized epidermal hyperplasia and differentiation.?®

Excimer laser (308 nm)

Monochromatic excimer light (MEL) came into usage in
the late 1990s. MEL provides a convenient source of targeted

phototherapy, requiring sessions only every 7-15 days, which
may improve patient compliance and quality of life.3 With a
maximum irradiating area of 504 cm?, excimer laser also of-
fers the option of treatment targeted to only affected areas,
thereby reducing potential risk for adverse events. MEL was
found to be more effective than NBUVB in psoriasis.3!-3? Sev-
eral small studies showed the efficacy of MEL in AD. Despite
promising results, the recent American Academy of Dermatol-
ogy guidelines did not endorse MEL for AD at this time.
Therefore, usage should be decided on a case-by-case basis.

UVA/UVB

Combination UVA/UVB phototherapy (280-400 nm) can
be administered by tubes whose emission irradiation spectrum
includes both wavelengths (eg, Metec Helarium), or by com-
bining UVA and UVB tubes simultaneously or in tandem.
The combined spectrum tubes have the disadvantage of being
unable to dose UVA and UVB separately. UVA/UVB therapy
grew in popularity as a treatment for AD when it was shown to
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Table 5  Side effects of phototherapy

Common

Actinic damage

Increased skin aging

Local erythema and tenderness

Pruritus

Burning

Stinging

Dyspigmentation (especially early on in patients of color)
Heat-induced flares

Claustrophobia (especially in children)

Uncommon

Nonmelanoma skin cancer

Melanoma (especially with PUVA)
Lentigines

Photosensitive eruptions

Polymorphous light eruption

Lupus flare

B6 deficiency

Folliculitis

Folic acid depletion

Photo-onycholysis (especially PUVA)
Herpes simplex virus (HSV) reactivation
Facial hypertrichosis

Cataract formation (especially with PUVA)
Headaches, nausea, vomiting with PUVA
Hepatotoxicity (PUVA)

Ocular toxicity (especially psoralens)

be more effective than BBUVB.33733 Efficacy of UVA/UVB
has also been demonstrated in children.3¢

UVA-1

UVA-1 (340-400 nm) was initially developed to avoid the
adverse effects, that is, risk of sunburn higher-energy, lower
wavelength, irradiation of UVA-2 (320-340 nm) and UVB
(290-320 nm).3” % Higher doses of UVA-1 penetrate deeper
into the dermis and superficial vessels than UVB and UVA-
2.41:42 Unlike most other phototherapies, UVA-1 is also effec-
tive in the treatment of acute AD flares.*3~43

High-dose UVA-1 treatment may be limited by intolerance to
heat and intense sweating in patients. In response, “UVAI cold
light,” from lamps that filtered the infrared rays, was created
and found to have greater improvement than conventional
UVA-1 or UVA/UVB.?*? In two dose-comparison studies, there
was no significant difference between high-dose (130 J/cm?)
and medium-dose (65 J/cm?) UVA-1 at improving AD,*¢47
although medium-dose was more effective than low-dose
UVA-1 (20 J/cm?).#¢ Medium-dose was better tolerated than
high-dose UVA-1.4¢ Medium-dose UVA-1 appears to have
similar efficacy to NBUVB!?-2! and topical tacrolimus for
treatment of AD.*®

Tanning beds

There have not been any studies directly investigating the
efficacy of tanning beds as a treatment of AD. One study of
Swedish teenagers reported that 66% of patients with AD used
tanning beds to treat their AD.*° Tanning beds may offer a con-
venient and cost-effective alternative for patients who find in-office
phototherapy cumbersome from expense or inconvenience; how-
ever, the light used in tanning beds is poorly defined, with a vari-
able spectral distribution of UV output.>® Previous studies
found that tanning beds cause dramatically higher rates of mel-
anoma and nonmelanoma skin cancer.>!5? Risk of skin cancer
with tanning beds outweighs the potential benefits, which are
not well defined at this point. Due to lack of tanning-bed—
specific literature, use of this modality is not recommended.

Safety and limitations

The incidence of adverse effects of phototherapy is un-
known, but it is believed to be low.* Common and uncommon
adverse effects are listed in Table 5. Some adverse effects are
distinct to the mode of therapy, including cataract formation in
UVA therapy.* Due to potential long-term effects of UV
irradiation, phototherapy is a second-line AD treatment.
Finally, age-specific psychosocial factors must be considered
in children, including intimidation of devices and concerns
of caregivers.

Other limitations of phototherapy include expense, logisti-
cal requirements, special equipment, trained staff, and limited
efficacy in difficult-to-treat areas, such as hairy skin and skin
folds. Dose-escalating regimens for UVB therapy typically
take several weeks before an antiinflammatory dose is
achieved and efficacy is noted. As a result, we recommend that
patients being treated with NBUVB and BBUVB should also
be treated with topical and/or other systemic agents during the
first few weeks of UV therapy.

Conclusions

NBUVB and medium-dose UVA-1 phototherapy are the
most effective phototherapy modalities in AD. NBUVB
has been shown to be most effective in managing chronic
AD, whereas UVA-1 may be used for acute flares.
Modernized Goeckerman protocols are effective in severe
AD; however, concern for malignancy from coal tar has limit-
ed its popularity. MEL may be a good option for localized re-
fractory AD lesions. Safe use of NBUVB in children has been
well documented; however, less literature exists regarding oth-
er modalities, and so caution must be used. Larger randomized
controlled trials are needed to determine the most effective
modalities, dosage protocols, and maintenance requirements.
In summation, long-term studies for the safety of phototherapy
are needed.
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