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Abstract

Background The current evidences attest UVA1 phototherapy as effective in the treatment of severe atopic dermatitis
(AD). Furthermore, in this indication, ‘medium dose’ is as effective as ‘high dose’ regimen. To date, a randomized com-
parison study evaluating the effectiveness as well as safety of different UVA1 protocols in different skin types in the treat-
ment of adult patients with severe AD is still lacking.

Objective The aim of the present study was to compare the safety and the efficacy of medium and high dose UVA1
either in fair or in dark skin types.

Methods Twenty-seven adult patients with severe AD were consecutively included in a randomized, controlled, open,
two arms trial Severity of AD was determined by means of SCORAD index and clinical improvement was also monitored.
Atotal of 13 out of 27 patients were treated with high dose (130 J/cm? UVA1 protocol while 14 out of 27 patients received
medium dose (60 J/cm?) UVA1 protocol. Phototherapy was performed five times weekly up to 3 weeks. Before and after
UVAT1 treatment each patient was evaluated for skin pigmentation through Melanin Index (MI) quantitative evaluation.
Results Skin status improved in all patients resulting in a reduction of SCORAD index in all groups. Our results demon-
strated that among patients with darker skin types and higher Ml, high dose UVA1 was significantly more effective than
medium dose (P < 0.0001) while within the groups with skin type I, no significant differences between high and medium
dose protocols were observed.

Conclusion Our study, confirms previous observations that UVA1 phototherapy should be considered among the first
approaches in the treatment of patients with severe generalized AD and also demonstrates that in darker skin types, high
dose UVA1 phototherapy is more effective than medium dose in the treatment of adult patients with severe AD.
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Introduction

Atopic dermatitis (AD) is an inflammatory skin disease charac-
terized by severe pruritus, typical eczematous morphology and a
chronic relapsing course that usually first appears in childhood
and frequently persists into adult life."

"These authors contributed equally to this work.
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The prevalence of AD has increased constantly in recent dec-
ades and in developed countries, approximately 10-15% of chil-
dren under 5 years of age are affected at some stage.>”

The aetiology of the disease is still unknown but there are data
supporting the crucial role of the genetic background as well as
the influence of environmental triggering factors.* Although AD
has been characterized as a T-cell mediated immune response
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directed towards several inhalant allergens, and it has been sug-
gested that a shift of the T cell balance from Thl into Th2 cells is
an important pathogenetic mechanism, recent studies revealed
that patients initially exhibit Th2 like immune responses early in
the acute stage and switch to a Th1 like profile as chronic lesions
emerge.>®

Severe AD does not respond well to conventional therapies
consisting in most cases of topical or systemic corticosteroids.
Treatment modalities including topical calcineurin inhibitors,
interferon gamma or cyclosporine are often accompanied by
several side effects, which make them a poor choice for the
long term treatment of AD."”® Although literature still do
not offer enough clinical evidence supporting the effectiveness
of the Janus Kinase Inhibitors (Jakinibs) in adult patients
affected by recalcitrant acute exacerbations of AD, the success
of these molecules in the treatment of several autoinflamma-
tory dermatological diseases suggests the successful possible
use of JAK inhibitors in adults patients with severe forms
of AD."

Biologic therapies have shown encouraging results in those
patients with severe forms of AD acting through their target
effects on altered inflammatory responses responsible for acute
severe relapses. Among these drugs category, the fully human-
ized monocolonal antibody targeting IL-4 and IL-13 Dupilumab,
has demonstrated to be effective in treating symptoms of adult
patients with severe AD in a dose dependent manner.'"'?

Phototherapy is an effective treatment modality in patients
with acute, severe exacerbation of AD. Many studies described
beneficial effects of either UVB or UVA administration or com-
bined UVA/UVB radiation in AD." The use of PUVA is nowa-
days limited especially in children, because of the frequent side
effects and long-term carcinogenetic risk."*

UVAI1 (340-400 nm) phototherapy has been introduced in
1992 by Krutmann et al.'® as an effective novel treatment
modality for patients with severe, generalized AD as well as for
other inflammatory skin diseases characterized by epithelial and
dermal infiltrates rich in T lymphocytes. It acts on cytokine pro-
duction by suppression of proinflammatory cytokines (TNF-o
and IL-12) that activates antibody dependent cell mediated cyto-
toxicity (ADCC). UVAL induced apoptosis differs from apopto-
sis observed in UVB irradiated cells since it is mediated through
a pathway not requiring protein synthesis (early apoptosis). The
early apoptosis, highly specific for UVA1 radiation and responsi-
ble for the therapeutic effectiveness of UVAI, is mediated
through generation of singlet oxygen.'®!”

The optimal treatment regimen has not yet been determined.
Findings of a randomized controlled trial have shown that high
dose UVAL is as effective as moderately potent topical steroids
for acute, severe atopic eczema.'®

In 1995 Kowalzick et al'® stated that medium dose is
also effective for severe AD and more effective than low dose
treatment.
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A controlled study performed by Tzaneva et al., compared
high daily doses (five times weekly for 3 weeks) with medium
doses. This study was a within—subject comparison of the two
regimens and demonstrated that medium dose UVAl was as
effective as high dose UVAL treatment for patients with AD in 9
out of10 patients.?

Since the widespread use of the UVAIl phototherapy has
been introduced, no serious negative side effect in humans
has been published except for a report of melanoma in a
patient with mastocytosis that received a long course of UVAI
phototherapy®’ and a report by Calzavara-Pinton et al*
where the Authors demonstrated that, repeated suberythe-
mogenic UVA1 doses, had favoured the development of Mer-
kel Cell Carcinoma in two immunosuppressed patients. In
vitro cell culture and in vivo animal studies had widely shown
that UVA irradiation accelerates photoaging and may thus
contribute to the risk of skin carcinogenesis and melanoma
induction.'®** >

Based on these findings, in order to avoid potentially harmful
side effects induced by UVAI therapy, the aim of our study was
to determine which UVA1 protocol is more effective in treating
severe generalized AD also considering the different reaction in a
population with darker skin types.

Patients and methods

Patients

This was a randomized, controlled, open trial conducted at the
Phototherapy Unit of S. Gallicano Institute from October 2008
to February 2010.

Twenty-seven patients with severe AD involving the scalp,
face, neck, trunk and extremities (14 females, 13 males; range
19-47, mean age 34.7 years) were enrolled in this study after
informed consent was obtained. AD was defined according to
criteria proposed by Hanifin and Rajka and severity of the
disease was evaluated clinically using SCORAD index.”® The
possible score ranges between 0 (lowest possible score) and
103 (highest possible score) and it is clinically interpreted
as follows: <25: Mild AD; 25-60: moderate AD; >50: Severe
AD.

All patients had Fitzpatrick skin type IV (n = 8), III (n = 6),
II (n = 13).

Patients with darker skin type (III-IV) as well as subjects with
skin type II were randomly assigned to one of the two different
treatment regimens (high dose or medium dose UVA1 therapy).
Among the group receiving a high dose (130 J/cm?) protocol,
eight patients were skin type III-IV and five patients were skin
type 2 while in the group receiving medium dose (60 J/cm?) pro-
tocol eight patients were skin type II and six patients were skin
type III-IV.

The clinical severity of disease was measured by means of the
SCORAD index before and after UVA1 therapy.?”
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Data regarding patients’ characteristics and SCORAD at base-
line are listed in Table 1.

Only patients with severe AD resulting in an initial score
greater than 45 points were included (mean SCORAD of study
population: 54.1). The power of the study was evaluated assum-
ing that at least 13 patients for each group (26 in total) would
have been needed in order to observe a statistically significant
between group difference of at least 20% in the reduction of the
SCORAD from baseline (SD in each group = 15%, alpha = 0.05,
beta = 0.10, two tailed test). Randomization has been performed
using a computer generated sequence.

Exclusion criteria were as follows: age younger than 18 years,
bacterial superinfection, pregnancy or lactation, systemic ther-
apy with antibiotics, immunomodulating drugs, antihistamines
within the last 6 weeks, topical corticosteroid therapy within the
last 2 weeks, phototherapy within the last 12 weeks, autoim-
mune disease and a positive history for photosensitive disorders
and skin tumours.

Photographs of each patient were taken both before and after
phototherapy.

Table 1 Patients’ characteristics (mean SCORAD TO0: 54.1;); Ml:
Melanin Index; WO0: baseline; W3: end of the study, week 3

Pt Sex Age Skin UVAI1 SCORAD WO SCORAD
type (relative) (relative) W3
1 F 19 v High 47 26
2 M 32 v High 45 24
3 M 41 1\ High 50 31
4 F 36 1] High 46 25
5 F 38 \Y, High 56 38
6 M 27 1] High 48 27
7 F 45 1} High 60 33
8 F 48 \Y High 58 38
9 M 39 Il High 53 34
10 F 34 1l High 60 38
11 M 27 Il High 58 40
12 F 31 ] High 53 33
13 F 25 Il High 60 39
14 F 33 \Y, Medium 65 58
15 M 37 1l Medium 60 51
16 M 41 I\ Medium 65 59
17 F 22 1} Medium 50 42
18 F 47 1} Medium 45 40
19 M 20 1\ Medium 64 57
20 M 28 Il Medium 49 32
21 F 36 1l Medium 51 338
22 M 43 Il Medium 45 27
23 M 39 1l Medium 48 32
24 F 41 1l Medium 58 38
25 F 28 ] Medium 56 37
26 F 35 Il Medium 51 34
27 M 46 1l Medium 60 39
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Technical equipment

The UVAL treatment was performed with a Sellamed 24000 lay
down unit (Systems Dr Sellmeier; Gevelsberg-Vogelsang, Ger-
many) emitting almost exclusively UVA1 light. Irradiance was
determined using a Variocontrol dosimeter (Waldmann, Villin-
gen-Schwenningen, Germany), and the total irradiance at skin
level was 78 mW/cm™.

Phototherapeutic protocol

In the groups treated with UVA1 high dose protocol, photother-
apy was administered five times weekly for 3 weeks resulting in
a total of 15 treatment sessions. Each session consisted of an
exposure of 130 J/em? UVAL, resulting in a mean cumulative
dose of 1950 J/cm?. During therapy, patients wore eye goggles as
protection against UVA radiation.

In the groups treated with UVA1 medium dose protocol, pho-
totherapy was given five times weekly for 3 weeks, resulting in a
total of 15 treatments. Each treatment session consisted of an
exposure of 60 J/cm® UVAL resulting in a mean cumulative dose
of 750 J/em?.

For both regimens, we started treatment with slowly increas-
ing doses until reaching the maximum dosage (high dose pro-
gression: 60 J-90 J-130 J; medium dose progression: 30 J—60 J)
and a total of 15 sessions has been administered.

Pigmentation measurements
Before and after UVALI treatment each patient was evaluated for
skin pigmentation with a non-invasive diagnostic technique.

A skin reflectance measuring instrument, Mexameter MX16
(Courage & Khazaka Electronics, Cologne, Germany) was used
to measure the Melanin Index under illumination with the com-
bination of 568, 660 and 880 nm wavelengths. The MI is com-
puted from the absorbed and remitted light at 660 and 880 nm,
respectively.

Six body sites were assessed on each subject. The reflec-
tance readings were taken on the inner aspect of upper part
of the arm, the mid-ventral forearm, the mid-dorsal forearm,
the forehead, the anterior and posterior upper parts of the
trunk.

Statistical analysis

According to the Kolmogorov Smirnov test, data were not nor-
mally distributed and as such are represented as median and
interquartile range (IQR).

Differences in the relative reduction of clinical score from
baseline between patients performing high dose vs. medium dose
treatment were analyzed by Mann—Whitney U-test.

Pearson’s correlation between the relative reduction of clinical
score and mean baseline MI was also investigated by using linear
regression analysis. A P value of <0.05 was considered
significant.
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Results

Twenty-seven patients fulfilled entry criteria and either those
with darker skin type (III-IV) or subjects with light skin type
(IT) were randomly selected to receive one of the two treatment
regimens: high dose or medium dose. All 27 patients completed
the 3 weeks of therapy in a compliant manner and all were
included in the statistical analysis for efficacy. Both groups
received 15 total treatments. In these 15 treatments are included
the lower and the intermediate dosage in the high dose group.

Patients’ relative SCORAD and MI parameters were evaluated
at baseline (WO0) and after 3 weeks UVAI1 treatment (W3).

In darker phototypes, high dose UVALI resulted in a median
relative reduction of the SCORAD index by 44.22% (Figs 1
and 2) after 3 weeks (W3) of treatment while medium dose
determined a median relative reduction of SCORAD index by
11.02% (Figs 3 and 4), assuming that high dose UVAI was sig-
nificantly more effective than medium dose UVA 1 (P = 0.002;
Table 2).

Figure 1 Patient with dark skin type treated with high dose UVA1
at WO.

Figure 2 Patient with dark skin type treated with high dose UVA1
at W3.
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Figure 3 Patient with dark skin type treated with medium dose
UVA1 at WO.

Figure 4 Patient with dark skin type treated with medium dose
UVA1 at W3.

In fair phototypes groups, high dose UVAI regimen deter-
mined a median relative reduction of SCORAD index by 35.9%
vs. 34.59% of the medium dose UVAI protocol. No difference in
therapeutic efficacy was found between the two dosages and sta-
tistical analysis revealed no significant difference between the
two regimens (Table 3).

Despite this positive result, no patient experienced complete
clearing of symptoms during treatment. The median reduction
of the relative SCORAD value was mainly because of the reduc-
tion of symptoms such as itching, sleep loss, erythema, infiltra-
tion, exudation and excoriation as well as surface extension.

As already reported by other Authors, in patients with dark
skin complexion who performed high dose protocol and in
patients with skin type II who performed either medium or high
dose protocol, we observed a rapid therapeutic response already
within the first week of treatment.

Interestingly, in subjects with skin type III and IV, we
observed that patients with a higher MI experienced a better effi-
cacy with the high dose UVA1 protocol (Figs 5 and 6).
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Table 2 Comparison of relative W0 and W3 SCORAD index of atopic dermatitis lesions in patients with dark skin type

Evaluation High dose UVA1 (n = 8) Medium dose UVA 1 (n = 6) Comparison
Median (IQR) Delta (%) Median (IQR) Delta (%) of treatment
groups by
Baseline End of study Baseline End of study delta values
SCORAD 49.00 (46.75-56.50)  29.00 (25.75-30.25) —21(—44.22)* 62.00 (52.50-64.75) 54 (44.25-57.75) —7(-11.02)* P =0.002
score
*P < 0.001.
Table 3 Comparison of relative WO and W3 SCORAD index of atopic dermatitis lesions in patients with fair skin type
Evaluation  High dose UVA1 (n = 5) Medium dose UVA 1 (n = 8) Comparison
Median (IQR) Delta (%) Median (IQR) Delta (%) DLEEAIE:
groups by
Baseline END OF study Baseline End of study delta values
SCORAD 58.0 (53.0-60.0)  38.0(34.0-39.0)  —20.00 (—35.9)* 51.0 (48.75-56.5)  33.5(32-37.25) —18.00 (—34.59)* P =0.10
score
*P < 0.001.

SCORAD and Melanin Index changes in dark skinned
people receiving high UVA1 therapy
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Figure 5 SCORAD and Melanin Index changes in dark skinned
people receiving high dose UVA1 phototherapy.

SCORAD and Melanin Index changes in light skinned
people receiving high UVA1 therapy
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Figure 6 SCORAD and Melanin Index changes in light skinned
people receiving high dose UVA1 phototherapy.

Treatment was well tolerated, and no erythema and other side
effects were recorded except for skin dryness associated with
mild pruritus immediately after UVA1 therapy, treated only with
emollients.
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Discussion

UVALI phototherapy in monotherapy has emerged as a highly
effective and well-tolerated treatment in a variety of inflamma-
tory disorders including AD.**°

UVAL in monotherapy was initially administered to patients
with AD according to a high dose regimen but during the last
years, numerous trials confirmed that not only high dose but
also medium dose UVAL induces significant improvement in
adult patients with acute exacerbations of AD and that high/
medium dosage are both more effective than UVA/UVB or low
dose UVAI treatment.”!

Concerns towards long term side effects associated with mas-
sive UVA1 dosages, led many photodermatologists to use a med-
ium dose protocol. Although in 2008 Jacobe et al>* in a
retrospective study conducted on 101 patients stated that even if
skin pigmentation does not significantly influence effectiveness
of UVAI and this source could be considered a therapeutic
option in patients with darker skin type, controlled trials on
dose-response relationship in a population with a predominance
of darker skin types have not yet been performed.

In our study, the effectiveness of UVA1l phototherapy in
monotherapy has been investigated and also the efficacy of high
and medium dose UVA1 protocols has been compared in a series
of adult patients with severe acute AD. Patients included into
study groups were similar for demographic characteristics, base-
line extent of the disease and severity of subjective symptoms.
Unlike the majority of the studies already published on UVA1
where a smaller number of dark phototypes were considered, we
enrolled patients either with fair or dark skin types and we also
monitored the variation of MI during UVALI therapy at different
dosage and we finally tried to correlate changes in the MI with
the SCORAD index.

Exposure of the skin to UV radiation results in an increased
melanin production and consequently increased pigmentation
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(tanning), a process that can be considered as a natural defence
mechanism of the organism.””

Melanin is generally considered as the major defence of
the skin against the harmful effects of solar light. This photo-
protective role of melanin is related to its ability to absorb
radiation in the ultraviolet, visible and infrared spectra. The
ratio of eumelanin and pheomelanin plays an important role
in the degree of the physiological skin protection: the darker
the skin type, the more eumelanin action as a free radicals
scavenger the skin contains. In lighter skin types the ratio is
lower and the role of pheomelanin is more prominent and
contributes to skin damage by producing free radicals such as
superoxide.**??

One mechanism that possibly accounts for the skin type
related differences is the skin antioxidant status. An increased
body of evidences suggest that antioxidants provide photopro-
tection. To the same regard Picardo et al. showed that there are
significant differences in antioxidant status in normal skin
between people with high (III-IV) and low (I-II) skin type: the
higher the skin type is, the higher the amount of catalase. Possi-
bly, the same differences in antioxidant status between the differ-
ent skin types exist in AD patients which could account for the
differences observed in our study.”®

Skin pigmentation is induced both by UVB and UVA rays.
UVA induced tanning involves at least three distinct photobio-
logical reactions: the immediate transient darkening (immediate
pigment darkening, IPD), the lasting immediate pigmentation
(persistent pigment darkening, PPD) and the delayed pigmenta-
tion (neo-melanization) which occurs after UVA induced ery-
thema or after repeated exposure to sub-erythemogenic UVA
doses. UVB induced tanning is a delayed pigmentation, generally
subsequent to sunburn and usually disappears with epidermal
turnover within a month.*> >’

The action spectrum for the immediate pigmentation phe-
nomenon (IPD and PPD) ranges from UVA2 to UVAl wave-
lengths including the first part of visible light.>” Although IPD is
generated from photo-oxidation of pre-existing melanin, in the
case of longer UVA (340-400 nm) irradiation that penetrate
deeper through the skin reaching the dermis, it could represent a
manifestation of a photoprotective pathway. Furthermore, con-
sidering the long duration of treatment sessions particularly in
the case of high dose UVAL phototherapy, the immediate pig-
mentation phenomenon can attain the highest intensity and
become almost stable.®®** This might explain the results
observed in our study that in patients with darker skin types, in
whom the immediate pigmentation is more prominent, only
part of the UVAI radiation may have therapeutic effects thus
requiring higher doses than those needed in lower skin types.

In the present study although none of the patients obtained a
complete clearing of cutaneous eczematous lesions, a linear rela-
tionship between patients’ MI and efficacy of UVA1 photother-
apy (Figs 5 and 6) has been highlighted. In dark skin types a
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high MI is observed before treatment and both medium and high
dose UVAI induce a relevant increase in MI at the end of treat-
ment, but high dose has major chances to counteract the increase
in pigmentation than medium dose, thus penetrating in suffi-
cient amount and leading to satisfying therapeutic results. In
subjects with lower skin type instead, both high dose and med-
ium dose UVAI induce the same scarce increase in MI and in
these patients a higher dosage of irradiation does not lead to a
better therapeutic response. This may be explained by the differ-
ent patterns of pigmentation response in different skin types:
while in lower skin types the IPD/PPD response is less impor-
tant, in higher skin types even lower dosages of UVAI may
induce a rapid increase mainly in the IPD/PPD but also in
delayed pigmentation.*** In darker skin types consequently, it
is crucial to consider the possibility that UVAL radiation pre-
sents a decreased ability of penetration through the skin.

In conclusion, our findings suggest that in fair skin types
medium dose UVAL is nearly as effective as high dose treatment
in alleviating severe AD while in dark skin types, high dose
UVAL protocol is significantly more effective than medium
dose.

It would be interesting in the next future, a study evaluating
differences of skin type III vs. type IV patients following UVA1
treatment, in order to clarify whether type III patients really
belong to the higher pigmentation group or whether their data
were overruled by the greater effect in the type IV patients.
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