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Background: Ultraviolet (UV) radiation has been used for
decades to treat a variety of skin diseases. UVA1 was used
initially as an effective treatment for acute exacerbated
atopic dermatitis. Since then, UVA1 has been attempted for
recalcitrant skin diseases. Objective: This study examined
the efficacy of UVAT1 phototherapy in three recalcitrant skin
diseases. Methods: This retrospective study reviewed the
efficacy and follow-up of 26 patients with atopic dermatitis
(AD), mycosis fungoides (MF) and localized scleroderma
(LS). SUPUVASUN 3000 (Mutzhas Co., Munich, Germany)
and SELLAMED 3000 (Sellas Medizinische Gerate GmbH,
Gevelsberg, Germany) were the UVAT1 equipment used.
Irradiation was performed in accordance with the disease.
Low-dose (20 J/cmz), medium-dose (65 }/cm? and high-dose
regimens (100 J/cm®) of UVAT therapy were employed. The
frequency of the therapy ranged from 3 to 5 times weekly.
The therapeutic effectiveness was assessed according to the
clinical examination before and after the last treatment.
Results: In patients with AD, complete and partial remission
was achieved in four (80%) and one (20%) patient, re-
spectively. In patients with MF, complete and partial re-
mission was observed in thirteen (86.7%) and two (13.3%)
patients, respectively. In patients with LS, complete and
partial remission was observed in three (50%) and three
(50%) patients, respectively. Conclusion: UVA1 photothe-
rapy is an effective treatment modality for acute exacerbated
AD, MF and LS. (Ann Dermatol 22(1) 1~8, 2010)
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INTRODUCTION

Ultraviolet (UV) radiation has been used for decades to
treat a range of skin diseases. UVA1 therapy was de-
veloped in the early 1980s and found to induce T-cell
apoptosis by mediating singlet oxygen damage'. In ad-
dition, it may increase collagenase (matrix metallopro-
teinase-1) expression®, and decrease the interferon (IFN)-
7 level®, the number of Langerhans cells and mast cells in
the dermis*. The therapeutic effect of UVAT1 is related to
the long-wavelengths that penetrate the dermis more
deeply than UVB and PUVA’.

In early 1990s, UVAT1 therapy was used initially as an
effective novel treatment modality for acute exacerbated
atopic dermatitis®®. Since then, UVA1 phototherapy has
been attempted for recalcitrant skin diseases with a T-cell
abnormality and sclerotic conditions. This study examined
the efficacy of UVAT phototherapy in patients with atopic
dermatitis, mycosis fungoides and localized scleroderma.

MATERIALS AND METHODS
Patients

A total of 26 patients were enrolled in this study after
providing informed written consent. All patients were col-
lected from the Department of Dermatology, Kosin Uni-
versity College of Medicine, Busan, South Korea, from
June 2002 to July 2008. This retrospective clinical study
included the patient’s age, gender, diagnosis, duration of
disease, previous treatment, UVAT1 dose, frequency of the-
rapy, cumulative UVAT dose, responses to treatment, side
effects, and follow-up. The conditions examined included
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atopic dermatitis (AD; 5 patients), mycosis fungoides (MF;
15 patients) and localized scleroderma (LS; 6 patients).
Patients who were pregnant or lactating, had a history of
photosensitive dermatitis and were currently using photo-
sensitizing drugs were excluded.

Phototherapy

The patients were treated with low-dose (20 J/cm?), me-
dium-dose (65 )J/cm?) and high-dose (100 J/cm?) UVA1
therapy. In AD, a high-dose regimen (100 }J/cm?) of UVA1
was used. In MF, a low, medium and high-dose regimen
(20 J/cm, 65 J/lem? and 100 J/cm?) of UVAT was used. In
LS, a low and high-dose regimen of UVAT (20 )J/cm® and
100 J/cm?) was used. The dose and frequency of UVA1
were determined from the literature. Low-dose (20 J/cm?)
UVA1 was delivered by SUPUVASUN 3000 (Mutzhas
Co., Munich, Germany) and the medium-dose (65 Jlem?)
and high-dose (100 J/cm?) UVAT therapy was delivered by
SELLAMED 3000 (Sellas Medizinische Gerate GmbH,
Gevelsberg, Germany). The main wavelengths ranged
from 340 nm to 440 nm. The irradiation intensity of
SUPUVASUN 3000 and SELLAMED 3000 was 27 and 70
mW/cm” at a distance of 30 cm, respectively. The UVAT
irradiance was measured using an IL 1700 photometer
(International Light, Newburyport, MA, USA). The fre-
quency of therapy ranged from 3 to 5 times weekly.

Assessment of therapeutic effectiveness

The therapeutic effectiveness was assessed by the same
dermatologists before and after UVA1 therapy, and was
graded as complete, partial remission or no response. In
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Fig. 1. Atopic dermatitis lesions (A)
before and (B) after 11 irradiations
with 100 J/cm® UVAT phototherapy.

Table 1. Demography of the patients treated with UVAT1

. . Nq. ol No. of Sliele Cumulative
FEEmests [pETEn irradiations 05€ doses (J/cm?)
(n=26) (/em?)
AD 5 11.2+1.94 100 1,120+ 193.91
MF 3 16.67+8.18 20 333.33+163.57
8 26.25+11.52 65 1,698.13+748.51
4 24.5+8.5 100 2,450+ 850
LS 3 35+17.38 20 700+347.56
3 56+30.01 100 5,533.33+2,935.23

AD: atopic dermatitis, MF: mycosis fungoides, LS: localized
scleroderma.

recalcitrant skin diseases, complete and partial remission
were assessed above and below 95% clinical clearing,
respectively. In addition, the therapeutic effectiveness of
AD was measured using the SCORAD index.

RESULTS

Atopic dermatitis

Five patients with atopic dermatitis received 10~ 15 se-
ssions (mean, 11.2 sessions) of high dose (100 J/cm?)
UVAT therapy (Fig. 1). The cumulative UVAT1 doses were
1,000~ 1,500 J/cm® (mean, 1,120 )/cm?) (Table 1). Four
and 1 of the 5 patients showed complete remission and
partial improvement, respectively (Table 2). UVA1 pho-
totherapy led to a 69.9% decrease in the median SCO-
RAD score after 2 weeks. No serious side effects were
observed except for some hyperpigmentation.
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Table 2. Summary of the clinical findings of patients with atopic dermatitis

Severity of Immune No. of Single dose Cuimulaiive Clinical upponis o Follow-up Recurrence
Case Age/Sex . L 2 doses
disease state irradiations  (J/cm®) 5 response (month) (month)
(J/cm”) treatment
1 22/F Severe Normal 15 100 1,500 CR Poor 19 —
2 13/M Severe Normal 11 100 1,100 CR Poor 7 -
3 23/F Severe Normal 10 100 1,000 CR Poor 7 -
4 15/F Severe Normal 10 100 1,000 PR Poor 6 —
5 25/F Severe Normal 10 100 1,000 CR Poor 5 -

CR: complete remission, PR: partial remission.

Fig. 2. Solitary mycosis fungoides
lesion (A) before and (B) after 15
irradiations with 65 J/cm?* UVAT
phototherapy.

Mycosis fungoides

A total of 15 patients with MF were treated with UVAT
(Table 1).

Three patients who had received low-dose UVA1 (20
J/em?) for 2~ 3 times a week showed complete remission.
None of these patients relapsed after a mean time of 49.3
months.

Eight patients received medium-dose UVAT1 (65 J/cm?)
daily or 2~3 times a week (Fig. 2). Of them, complete
and partial remission was achieved in seven (87.5%) and
one (12.5%) patient, respectively. One of the 7 patients
with complete remission recurred after 30 months. The
condition was completely cleared with oral acitretin (10
mg/day), topical keratolytics and UVA1 therapy performed
19 times. The patient who recurred achieved complete
remission after 14 irradiations of UVA1 at a dose of 65

Jlem?,

Four patients received high-dose UVAT (100 J/cm?) daily
or 2~ 3 times a week (Fig. 3). Three and 1 patient showed
complete remission and partial improvement, respecti-
vely. The skin lesions in 1 of the 3 patients showing com-
plete remission recurred. The patient showed complete
remission after 39 UVA1 treatments but the skin lesions
recurred after 6 months. The patient was treated again
with 100 J/cm? UVAT. Complete remission was achieved
after 11 UVAT treatments.

Among the 15 patients with MF, complete and partial
remission was observed in 13 and 2 patients, respectively.
In low-dose UVAT therapy, complete remission was ob-
served in all 3 patients after a mean number of 16.6
UVAT1-treatments. In medium-dose UVA1 therapy, com-
plete remission was observed in 7 patients after a mean
number of 25.3 UVAT-irradiations and 1 patient showed
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> Fig. 3. Mycosis fungoides lesions (A)
before and (B) after 22 irradiations
with 100 J/cm® UVAT1 phototherapy.

Table 3. Summary of the clinical findings of patients with mycosis fungoides

Severity of Immune No. of Single dose el Clinical eujponis o Follow-up Recurrence
Case Age/Sex . B TEo 2 doses pre-
disease state irradiations  (J/cm"?) 2 response (month) (month)
(/em”) treatment
1 63/M Stage IA Normal 13 20 260 CR - 68 -
2 44/M Stage 1A Normal 28 20 560 CR Poor 38 -
3 26/M Stage 1A Normal 9 20 180 CR - 42 -
4 62/M Stage 1A Normal 54 65 3,510 CR Poor 25 -
5 34/F Stage 1A Normal 21 65 1,365 CR - 20 -
6 14/M Stage IA Normal 19 65 1,235 CR Poor 44 30
7 27/F Stage 1A Normal 27 65 1,755 CR - 16 -
8 46/F Stage 1A Normal 18 65 1,170 CR Poor 14 -
9 46/M Stage 1A Normal 25 65 1,625 PR - 13 -
10  44/F Stage 1A Normal 15 65 975 CR - 8 -
11 65/F Stage IB Normal 31 65 2,015 CR Poor 1 -
12 67/M Stage IVB  Immuno- 39 100 3,900 CR Poor 21 6
compromised
13 60/M Stage 1A Normal 18 100 1,800 CR Poor 56 -
14 40/M Stage IB Normal 19 100 1,900 PR Poor 13 -
15 38/M Stage IIA° Normal 22 100 2,200 CR Poor 13 -
CR: complete remission, PR: partial remission.
partial improvement. In high-dose UVA1 therapy, com- except for some hyperpigmentation.
plete remission was observed in 3 patients after a mean Localized scleroderma
. iz
number of 26.3 UVAT1 treatments and 1 patient showed
partial improvement (Table 3). Six patients with localized scleroderma consisted of 5
During the follow-up (ranges from 1 to 68 months), 13 of patients with morphea and 1 patient with linear sclero-
the 15 patients achieved a complete remission. Only 2 derma (en coup de sabre). All 6 patients received 2~3
patients relapsed but responded faster to a second course times a week. Complete and partial remission was ob-
of UVAT therapy. No serious side effects were observed served in three (50%) and three (50%) patients, respec-
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Table 4. Summary of the clinical findings of patients with localized scleroderma

Severity of Immune No. of Single dose e i Clinical upponis o Follow-up Recurrence
Case Age/Sex . B TE 2 doses pre-
disease state irradiations  (J/cm?) > response (month) (month)
(/em”) treatment
1 31/F Localized Normal 39 20 780 CR Poor 68 -
2 41/M Localized Normal 12 20 240 PR Poor 81 —
3 48/F Localized Immuno- 54 20 1,080 PR Poor 62 -
compromised
4 24/F Localized Normal 15 100 1,500 CR - 31 —
5 39/F Localized Normal 67 100 6,700 CR Poor 19 —
6 18/F Localized Normal 86 100 8,600 PR - 11 —

CR: complete remission, PR: partial remission.

Fig. 4. Localized scleroderma lesion (A) before and (B) after 86 irradiations with 100 J/cm® UVA1 phototherapy.

tively) (Table 4).

Two patients showed a complete remission after high-dose
UVAT1 (Fig. 4). One patient with complete remission re-
ceived 67 UVAT sessions at 3~5 times weekly over a 9
week periods, resulting in a cumulative dose of 6,700
J/em®. Six months after the cessation of treatment, the
patient had a new lesion near the first treatment site. The
patient achieved complete remission after 16 doses of
high-dose UVAT.

One patient showed a complete remission after low-dose
UVAT1. The patient received 39 sessions of UVAT twice
weekly for 6 weeks, resulting in a cumulative dose of 780
J/em®. The patient did not relapse during an 84 month
follow-up. No serious side effects were observed except
for some hyperpigmentation.

DISCUSSION

UVAT1 has been used as an effective treatment modality
for patients with several recalcitrant skin diseases. The
mechanisms of UVAT include T-cell apoptosis', colla-
genase (matrix metalloproteinase-1) expression®, down re-
gulation of interferon (IFN)- 7 > and a decreased number of

Langerhans cells and mast cells in the dermis®. UVAT
penetrates the dermis deeply and has the ability to affect
intradermal T-cells, Langerhans cells and mast cells,
whereas UVB and PUVA are absorbed mainly by the
epidermis and upper dermis’.

Immediate apoptosis or pre-programmed cell death, which
is not dependent on protein synthesis, is mediated by the
generation of singlet oxygen. Delayed apoptosis, which
can be caused by UVB and PUVA, is a programmed cell
death that requires protein synthesis™'". In PUVA therapy,
psoralens bind to the DNA molecules and subsequent
UVA irradiation causes DNA damage. UVAT therapy
damages the mitochondrial membrane through the pro-
duction of singlet oxygen'®'?. UVAT can have rapid thera-
peutic efficacy because it involves two apoptotic path-
ways.

T-cell apoptosis is related to the treatment of atopic der-
matitis (AD), mycosis fungoides (MF) and localized scle-
roderma (LS). In AD, UVAT irradiation induces a decrease
in IEN-7, intercellular adhesion molecule (ICAM)-1 and
induction of interleukin (IL)-10 in lesional skin®. The de-
crease in IFN-7 is caused by an indirect mechanism,
where anti-inflammatory IL-10 suppresses IFN-7 produc-
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tion by T-helper 1 cells”. In addition, UVAT irradiation
reduces the number of Langerhans cells and mast cells®.

A UVAT1 treatment for the management of patients with
AD was initially attempted in patients with acute, severe
exacerbation. In the early 1990s, Krutmann et al.”® r
ported that initially, high-dose UVA1 phototherapy is effec-
tive for patients with acute exacerbated AD. Since then,
the optimal dose for therapeutic efficacy has been eva-
luated in many studies'*"”. Although a high-dose regimen
for patients with AD is used widely, some studies have
reported that medium-dose UVAT1 phototherapy is effec-
tive against acute exacerbated AD'*'®. However, the effi-
cacy of medium-dose UVA1 was short-term and the symp-
toms recurred within 3-months'®. In another study, it was
shown that a high and medium-dose UVA1 was more
effective than a low-dose regimen'’. According to studies
of the dosing regimen of UVA1, many studies demon-
strated that high and medium-dose UVAT1 were superior to
a low-dose regimen. With the exception of atopic der-
matitis, it is unclear if the UVA1 dose-dependent response
for numerous UVAT responsive diseases is due to a cumu-
lative or single UVAT1 dose. Although UVAT therapy is
effective in patients with acute exacerbated AD, relapses
are common. Broadband UVB therapy, broadband UVA
therapy, UVA/UVB therapy, PUVA, narrowband UVB and
low-dose UVAT1 therapy are used as maintenance treat-
ments for chronic AD. Several studies demonstrated that
NBUVB therapy is effective against chronic AD'®". In the
present study, high-dose UVA1 phototherapy was per-
formed on patients with acute exacerbated AD. In patients
showing complete remission, the mean number of UVA1
irradiation treatments and mean cumulative UVA1 dose
was 11.5 and 1,150 J/cm® (1,000~ 1,500 J/cm?), respec-
tively. It is believed that 10 or more exposures to high-
dose UVA1 may be appropriate for achieving complete
remission in AD patients.

However, there is some inconvenience with UVAT irra-
diation. The UVAT1 equipment is not a cabinet type, so its
irradiation field is limited. Multiple of UVA1 treatments
are necessary for patients with generalized skin lesions.
Besides T-cell apoptosis, UVAT1 induces the release of IFN-
v at 4 h after UVAT irradiation. IFN- 7 stimulates the pro-
duction of tumor necrosis factor-a (TNF-a), which kills
neoplastic cells. Therefore, neoplastic disease, such as
MEF, can be treated effectively and rapidly'".

MF shows a good treatment response in the early patch or
plaque stages. Since MF has a long disease duration, MF
patients require a long-term and safe treatment. In the
early stages, the treatment methods of MF include topical
application of corticosteroids, nitrogen mustard and bexa-
rotene, PUVA, UVB, UVAT1 and spot radiotherapy. If the

e-
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disease progresses, systemic retinoids, such as acitretin
and bexarotene, extracorporeal photochemotheapy, inter-
feron-alpha, and denileukin diftitox (Ontak®), are need-
ed”. UVAT1 phototherapy is effective, gives a fast response
and safe in early and advanced stages. Several studies
have reported the good therapeutic efficacy of UVA1 pho-
totherapy. Plettenberg et al.”' reported that UVA1 pho-
totherapy for early MF is more effective and has a more
rapid response than PUVA. Zane et al.” reported that
UVAT irradiation is quite effective against early and ad-
vanced MF.

In these results, the UVAT1 therapy had excellent thera-
peutic effectiveness in patients with MF treated. Complete
remission was observed after 20 to 30 exposures to
medium and high UVAT1 doses. Therefore, UVA1 therapy
is superior to PUVA for the following reasons: (1) UVA1
irradiation penetrates deeply into the dermis’; (2) UVAT1
irradiation induces both an immediate and delayed apop-
tosis but PUVA therapy can only trigger the latter, which
is related to DNA-damaged programmed cell death'. (3)
UVAT1 does not have the unwanted side effects of pso-
ralen-induced phototoxicity and gastrointestinal reactions.
Therefore, UVA1 phototherapy is more effective, has a
quicker response and is better tolerated than PUVA in MF
patients. Once remission is achieved, maintenance the-
rapy is indicated. PUVA is used most commonly for main-
tenance treatment. In addition, topical steroid and inter-
feron can also be used.

The mechanisms of UVAT in the treatment of LS is the
up-regulation of collagenase and a decrease in transform-
ing growth factor beta (TGF-8), proinflammatory cyto-
kines (IL-1, 6)*****. In addition, LS can be treated ef-
fectively because an increase in the IFN-7 level by UVA1
inhibits collagen production'"*’.

LS is a connective tissue disease involving thickening of
the skin. The treatment of LS is unsatisfactory. Topical and
systemic steroids, antimalarials, phenytoin, colchicine, D-
penicillamine, immunosuppressive agents such as aza-
thioprine, chlorambucil, methotrexate, cyclophospha-
mide, cyclosporine, plasmapheresis, extracorporeal photo-
pheresis are used in LS, but with various degrees of ef-
ficacy. Therefore, many studies have investigated the
therapeutic effectiveness of phototherapy in the treatment
of LS**°. UV therapy for LS patients was introduced by
PUVA in 1994, However, PUVA may have disadvan-
tages, such as gastrointestinal and carcinogenic effects. In
1995, Kerscher et al.” reported that low-dose UVA1 pho-
totherapy could be used initially in LS. Subsequently, they
demonstrated the therapeutic effectiveness of low-dose
UVAT therapy in 20 patients with LS. The patients re-
ceived 20 J/cm? UVAT for 30 sessions with a cumulative



dose of 600 J/cm® *. In 1997, Stege et al.”® reported that
high-dose UVAT therapy is effective in patients with LS.
Ten patients received 130 J/lcm? UVAT for 30 sessions
with a cumulative dose of 3,900 J/em?. Seven patients
received 20 J/cm? for 30 sessions with a cumulative dose
of 600 J/cm® UVAT1. The authors asserted that high-dose
UVAT1 is superior to low-dose UVAT. In 2003, a con-
trolled study with medium-dose UVAT1 (48 Jlem?) was
performed in 8 patients. The patients were treated 4 times
weekly for 12 weeks and showed an improvement in skin
sclerosis®.

In the present study, 3 and 3 patients received low-dose
(20 J/em?) and high-dose (100 J/cm®) UVAT1 therapy, re-
spectively. One and 2 patients showing complete re-
mission received low- and high-dose UVA1 phototherapy,
respectively. Both low- and high-dose UVA1 phototherapy
in these patients with LS were effective. However, the
optimal dose of UVAT1 was not determined. Therefore, a
further study will be needed to confirm its therapeutic
efficacy for a single dose and cumulative doses of UVAT.
Although the conclusions from this study are limited by its
retrospective design, UVA1 therapy produced good the-
rapeutic effects against AD, MF and LS. To our know-
ledge, this is the first and largest study on the efficacy of
UVAT1 phototherapy in dark-skinned peoples. Further pro-
spective studies will be needed to determine the the-
rapeutic effects of UVAT1 phototherapy in a range of di-
seases.
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