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Abstract: Scleroderma is a complex connective tissue disease characterized by fibrosis, vasculopathy, and immune
system dysfunction. The heterogeneity of disease presentation and poorly understood etiology has made the man-
agement of scleroderma difficult. The available treatment options like immunosuppressive agents are associated
with potentially hazardous side effects and physiotherapy, which to a certain degree helps to minimize the loss of
function in digits and limbs, has only limited success. Also, studies investigating antifibrotic therapies have failed
to report any significant improvement. Hence, there is currently no effective therapy for scleroderma. Recently,
phototherapy has been extensively studied and found to be effective in treating scleroderma. Initially psoralen +
ultraviolet A (PUVA) significantly enriched the therapeutic panel, but more recently ultraviolet A1 (UVA1) is seen to
replace PUVA therapy. This might be because of UVAL therapy being free of side effects seen with psoralens such
as nausea, vomiting or photokeratitis. In addition, UVA1 is seen to lower risk of phototoxic reactions with deeper
penetration of radiation. The present review will put some light on the use of UVA1 for treating cutaneous lesion in
scleroderma and we aim to find the most benefitted group of patients and most effective dose of UVA1 for different

types of scleroderma.
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Introduction

Scleroderma is a chronic connective tissue dis-
ease characterized by production and deposi-
tion of large amount of collagen leading to fibro-
sis as well as vascular alterations. Two types of
scleroderma exist: localized scleroderma (LS)
(also called circumscribed scleroderma or mor-
phea), which involves only skin and systemic
scleroderma, which involves skin and internal
organs. LS is further classified into plaque, lin-
ear, deep (en coup de sabre), and generalized
forms. Similarly, systemic scleroderma includes
CREST syndrome and progressive systemic
sclerosis. The skin lesions in all types of sclero-
derma are histologically identical [1]. The pa-
thogenesis of disease involves injury to endo-
thelial cells leading to their apoptosis and a
lowered vascular density, which are associated
with inflammatory cells infiltration [2]. The cur-
rently accepted therapy includes drugs like cor-
ticosteroids, penicillamine, vitamin D derivati-
ves, tacrolimus and methotrexate all with un-
proven efficacy and some with undesirable side
effects. In more severe cases, combination th-
erapy such as corticosteroids with MTX has

been used but has not been established as
consistently effective [3]. Hence, there is cur-
rently no effective therapy for scleroderma. This
necessitates the need to develop new treat-
ment modality that would be universally appli-
cable and free of adverse effects.

During the last few decades, UVA1 has emerged
as a phototherapeutic modality for treating
cutaneous lesions in scleroderma and it is
evolving as a new phototherapeutic modality
with distinct modes of action. Many studies are
being conducted in a hope to establish safety,
efficacy and doses profile. Plewig and col-
leagues [4] and Muthzas and associates [5]
were the first to report on a new device equipped
with a super pressure mercury lamp that deliv-
ered selective high-dose radiation energy in the
longer wavelength region of the ultraviolet A
(UVA) spectrum, i.e. UVA1 (340-400 nm). The
UVA1 device developed by these investigators
was predominantly used for diagnostic purpos-
es, such as photoprovocation tests of photoder-
matoses and patch testing [4, 5]. Soon UVA1
was recoghized as a beneficial phototherapeu-
tic modality for some skin conditions including
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Table 1. UVA1 phototherapy for Localized scleroderma

UVA1 for scleroderma

No. of Treatment Dose per treat- No. of irra- Referemce/first
Scleroderma type ) ) S Outcome
patients regimen ment (J/cm?)  diations author
Severe LS 10 4s/wfor6w 20 24 In all patients sclerosis regressed greatly after fewer [8]/Martina Kerscher
than 15 treatment sessions. After 24 treatments,
more than 80% of the lesions were completely
cleared.
Plaque, linear or deep morphea 20 4s/wfor6 20 30 After 24 treatments,clearance of > 80% of lesions  [9]/Martina Kerscher
w, further 1 in 18 of 20 patients. 2 patients with SC morphea
s/w for6w did not improve.
Plaque or linear morphea 7 3 s/w for 30 30 All patients showed significant decrease in indura-  [10] Nydia R. Cama-
10w tion of skin. In 1 patient, reduced joint mobility of cho
elbow was restored to almost normal levels.
Severe plaque type morphea 3 4 s/w for 6 20 30 After less than 15 sessions, clinical palpation for [11]/Claus J. Gruss
in different stages, 1 with overly- w, further 1 tethering or thickening of the skin revealed remark-
ing LSA s/w for 6 w able softening of sclerotic lesions. In morphea with
overlying LSA the elastic fibers did not completely
return to the superficial papillary dermis despite the
clinical clearance.
LS 8 4s/wforb5w 48 20 Treated skin showed a significantly increased elas- [12]/M.A. de Rie
ticity at weeks 3, 5 and 7 when compared to control
skin. No patients showed complete regression of
sclerotic plaques.
Plaque or generalized type LS 14 5s/wfor8w 20 40 Skin status markedly improved in all 14 patients, [13]/A. Kreuter
resulting in a significant reduction of clinical score
from baseline to the end of treatment.
Plague or generalized type LS 8 5s/wfor8w 50 40 Skin status markedly improved in all patients, [14]/Alexander
resulting in a significant reduction of clinical score  Kreuter
from baseline to the end of treatment.
Plaque, linear, generalized, deep 35 3-5s/wfor 30 30-45 In all patients, sclerotic plaques were softened and [15]/0zlem Su
or pansclerotic morphea. Gener- 10-15w marked clinical improvement was observed in 29 of

alized associated with LSA

35 patients.

LS: localosed scleroderma, LSA: lichen sclerosusatrophicus, s/w: session per week, w: week.
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scleroderma. The devices used for therapeutic
purpose were the fluorescent lamps that per-
mit low dose to medium dose UVA1 photother-
apy and high-output metal halide bulbs that
permit high dose UVA1 phototherapy [6]. There
are no internationally agreed definitions of dif-
ferent treatment doses but < 10 J/cm? is gener-
ally considered very low dose, 10-29 J/cm? low
dose (LD), 30-59 J/cm? medium dose (MD) and
> 60 J/cm? high dose (HD) [7]. UVA1 photother-
apy is a method affecting various stages of the
sclerodermal process. The therapy inhibits the
inflammatory process, thus preventing the pro-
gression of disease as well as altering fibrosis,
an effect of the disease. Acute adverse effects
of UVAL1 are minimal. Skin pigmentation (tan-
ning), which can persist for months, is the most
common problem. Uncommon acute adverse
effects include reactivation of herpes simplex,
cholinergic urticaria, and transient and revers-
ible changes in the appearance of moles [7].
The risk of long-term adverse effects, particu-
larly skin cancer, is unknown. This might be
because studies of chronic UVA1l effects in
humans are limited. However, information on
UVA1 from animal models have shown that it
can induce squamous cell carcinomas and mel-
anomas [7]. The studies done on UVA1 for vari-
ous sclerodermal skin lesions are discussed
below:

Localized scleroderma (or morphea)

In 1995, since Kerscher et al [8] for the first
time reported successful use of UVAL to treat
LS, different doses of UVA1 (low, medium and
high) in different types of morphea were stud-
ied, most of them achieving a successful result
(Table 1). Kerscher et al [8] treated ten consec-
utive patients with severe LS with low dose
UVA1 phototherapy. After 24 irradiations, more
than 80% of the lesions completely cleared and
no side effects were observed. In 1998,
Kerscher et al reported another study [9] of
twenty consecutive patients with plaque, linear
or subcutaneous (SC) morphea. All the patients
received 30 treatments with low dose UVA1
phototherapy and clearance of > 80% of lesions
were seen in 18 of 20 patients. 2 patients with
SC morphea did not respond to the treatment.
In 2001, Camacho et al [10] reported a study of
7 patients with plaque or linear type morphea
treated with medium dose UVA1 phototherapy.
All patients showed significant decrease in
induration of the skin. In addition, 1 patient

4282

with decrease mobility of elbow joint restored
the mobility and function of joint to almost nor-
mal levels. Yet another study in the same year
by Gruss et al [11] reported the successful use
of UVA-1 on different clinical stages of severe
plaque type morphea. 3 patients with late-st-
age lesions, active inflammatory lesions and
associated overlying lichen sclerosusetatrophi-
cus (LSA) respectively were treated with low
dose UVA1 phototherapy. Following therapy, the
sclerotic plaques resolved, leaving smooth and
soft tanned skin with normal structure, consis-
tency and folding capability. In 2003, de Rie et
al [12] performed a controlled pilot study with
medium-dose UVA1l on 8 patients with LS. All
patients responded to therapy and treated
lesional skin showed a significantly increased
elasticity at weeks 3, 5 and 7 when compared
to control skin. In 2006, kreuter et al reported
2 studies, one with low dose [13] and another
with medium dose [14] UVA1 phototherapy on
14 and 8 patients respectively. The patients
were classified to have either plague or gener-
alized morphea. All the patients received 40
irradiations and showed marked improvement
in skin status resulting in significant reduction
of the clinical score from baseline to the end of
the treatment. In 2011, Su et al [15] confirmed
the effectiveness of UVAL1 with comparatively
large sample sized study recruiting 35 patients
with different type morphea at different clinical
stages. In all patients, medium-dose UVA1 ther-
apy softened sclerotic plaques, and marked
clinical improvement was observed in 29 of 35
patients.

In addition to studies mentioned above, there
are few other studies [16-18] that compared
the effect of different doses of UVA1, also com-
pared its effect with narrow band UVB (NBUVB).
Stege et al [16] performed a study on HD (n=10)
and LD (n=7) UVA1 and found that HD UVA1
was superior to LD UVA1 therapy. All patients
undergoing high-dose UVA1l therapy reported
softening of sclerotic plaques, and complete
clearance was observed in 4 of 10 patients.
Whereas, 5 of 7 patients undergoing low-dose
UVA1 treatment reported lack of reduction or
softening of sclerotic lesions, and none report-
ed complete clearance of skin lesions. Sator et
al [17] sought to compare the immediate and
long-term efficacy of low-versus medium-dose
UVA1 phototherapy for plaque-type LS and
found that medium-dose provides for better
long-term results than low-dose UVA1 in LS.
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Table 2. UVA1 phototherapy for systemic sclerosis

Skin lesion in SS No. of = 1 atment regimen Dose per treat- - No. of i ¢y e Referemce/first
patients ment (J/cm?)  radiations author
Diffuse cutaneous sclerosis, pro- 18 4 s/w for 8 w, fur- 30 50 16 patients showed marked soften-  [20]/Alexander
nounced acral edema and sclerosis, 4 ther 3 s/wfor6 w ing of affected skin, an improvement Kreuter
patients even had piecemeal necrosis of finger mobility and 4 patients with
piecemeal necrosis showed almost
complete healing. Only 2 patients
showed no or just a slight improve-
ment.
Severe diffuse acral cutaneous scle- 4 4 s/w for 8 w, fur- 30 50 UVA1 irradiation exerted its positive  [21]/Frank
rosis ther 3 s/w for 6 w effects by a modulation of endothe-  Breuckmann
lial regulation/transformation.
Acrosclerosis 9 3s/wforl14 w 40 42 2 patients improved functions of [22]/F. Durand
treated hand but no modification of
the index flexion or extension was
seen. Cutaneous thickness was not
improved.
Diffuse and limited type SS 4 5 times/week from 60 9-29 In all patients, treated skin lesions [23]/Akimichi
mon to fri were markedly softened after 9 to Morita
29 exposures. Clinical improvement
was associated with increase in joint
passive range of motion, skin tem-
perature and cutaneous elasticity.
Diffuse and limited type SS with in- 8 3s/w 30-40 26-32 In all patients skin lesions improved, [24]/Rebecca F.
volvement of proximal and acral sites demonstrated by a fall in the modi- Rose
fied Rodnan skin score.
Sclerodactyly and microstomia 1 2-3s/w 50 40 After 10 treatments all sclerotic [25]/Angela Tewari

areas of skin including perioral area
were less indurated. After 21 treat-
ments she could articulate words
normally and there was reduced fur-
rowing around mouth. After 40 treat-
ments, she could open her mouth
more normally.

s/w: session per week, w: week, mon: Monday, fri: Friday.
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Figure 1. Distinct mode of action of UVA1 for scleroderma.

Kreuter et al [18] reported a prospective, open,
randomized controlled 3 arm study that recruit-
ed 64 patients to compare the safety and effi-
cacy of LD UVA1, MD UVA1, and NBUVB photo-
therapy in the treatment of different types LS.
The study concluded that UVA1 phototherapy
should be considered among the first approach-
es in the management of LS. Also reported that
MD UVA1 was significantly more effective than
NBUVB.

Andres et al [19] also in their retrospective and
prospective study proved the efficacy of MD
UVA1 in LS. This open study showed a positive
short- and long-term efficacy of UVA1 with a
reduction in sclerotic plaques, an increase in
skin elasticity and a reduction of lesional skin
thickness.

Systemic sclerosis (SS)

The studies demonstrating successful use of
UVA1 in treating LS has more recently drawn its
attention towards systemic sclerosis. Though
very few, the studies have reported exciting
result of UVAL in treating acrosclerosis, limited
and diffuse type systemic sclerosis and micro-
stomia (Table 2). Two subsequent reports of
successful use of UVA1 to treat acrosclerosis in
patients with SS were published in the year
2004 [20, 21]. Kreuter et al [20] reported an
open, nonrandomized study of 18 patients
receiving low-dose UVA1 phototherapy. All
patients had SS associated with diffuse cuta-
neous sclerosis, pronounced acral edema and
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sclerosis, and 4 patients ev-
en had piecemeal necrosis.
Breuckmann et al [21] report-
ed a study of 4 patients exhib-
iting SS associated with se-
vere diffuse acral cutaneous
sclerosis. The patients were
treated with low-dose UVA1
phototherapy of the hands. In
exception to these success-
ful results, one study in 2007
[22] reported the in efficacy
of UVA1 for acrosclerosis.
Draund et al [22] performed a
randomized, investigator-blin-
ded, controlled study on 9 pa-
tients to determine whether
UVA1 phototherapy is effec-
tive for acrosclerosis in SS.
The results suggested that
UVA1 phototherapy does not improve cutane-
ous thickness in acrosclerosis.

Morita et al [23] reported positive effect of
UVA1 phototherapy in limited and diffuse type
SS. 4 patients with SS (1 limited type, 3 diffuse
type) were treated with MD UVA1 and treated
skin lesions were markedly softened after 9 to
29 exposures in all the patients. In 2009,
Rebecca et al [24] for the first time reported the
use of UVA1 for proximal skin lesions in patients
with SS. 8 patients with scleroderma affecting
acral and proximal sites were retrospectively
studied. Skin lesions improved in all patients
following LD UVA1 therapy. In 2011, Tiwari et al
[25] for the first time reported a case of suc-
cessful treatment of microstomia with UVA1
phototherapy in a patient with SS. Till date; this
is the only study reporting the use of UVA1 for
microstomia.

Conclusion

Based on the data retrieved from literature,
UVA1 exposure seems to be effective treat-
ment modality for treating sclerodermal skin
lesions. But treatment regimen and doses vary
from study to study, making it difficult, at this
stage to tell the most effective dose. Even, the
dose range for low, medium and high dose is
not consistent. According to the British Pho-
todermatology group workshop report pub-
lished in the year 2011, 10-29 J/cm? is low
dose and 30-59 J/cm? is medium dose [7].
Whereas, some studies are found to be consis-
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tent with this doses regimen, others are not.
Kreuter et al [20] and Breuckmann et al [21]
used UVA1 in the dose of 30 J/cm?, and Durand
et al [22] used 40 J/cm? and said it a low dose,
which according to the British Photodermato-
logy group workshop report is a medium dose.
Similarly, Morita et al [23], in their study men-
tioned 60 J/cm? as medium dose, which is con-
sidered as high dose by others. This points
towards the necessity of establishment of stan-
dard protocol for UVAL doses. Stege et al [16]
compared LD (20 J/cm?) with HD (130 J/cm?)
for LS and found that HD UVA1 was superior to
LD UVA1 therapy. Similarly, Sator et al [17] com-
pared LD (20 J/cm?2) with MD (70 J/cm?) UVA1
phototherapy for plaque-type LS and found
that MD provides for better long-term results
than LD UVA1 in LS. According to these two
studies [16, 17], LD seems comparatively less
effective than MD or HD. Now, studies compar-
ing MD with HD is needed to determine the
most effective dose for LS.

Studies demonstrating the action mechanism
of UVA1 for scleroderma have presented its
distinct mode of action (Figure 1). Immuno-
histochemical test for matrix-metalloprotein-
ase-1 showed that even low-dose UVA1 irra-
diation may suppress collagen synthesis, initi-
ate collagenase activity, and cause a reduction
of the cellular infiltrate resulting in clinically
observed softening of former sclerotic skin
lesions [20]. Kreuter et al [14] proposed that
UVA1 phototherapy decreases inhibitory SM-
AD7 gene expression in LS. Kreuter et al [13]
also proposed that UVA1 induces downregula-
tion of humanp-defensins and interleukin-6
and interleukin-8. Camacho et al [10] proposed
that the effectiveness of UVAL phototherpy is
associated with an increase in the number of
CD34 positive dendritic cells in the dermis.
Sawada et al [26] suggested that decreased
and normalized levels of accumulated decorin
might relate to the efficacy of sclerotic lesions
in UVA1 phototherapy. Breuckmann et al [21]
suggested that UVA1l induces concomitant
modulation of endothelial dysfunction and ap-
optosis, which may substantially contribute to
an improvement in acrosclerosis. Breuckmann
et al [27] demonstrated UVAl-induced reduc-
tion in dermal neuron-specific enolase levels
correlating with a softening of sclerotic lesions
in acrosclerosis. These limited small studies
proposing distinct mode of action warrants
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future studies on a larger group of patients to
confirm their preliminary results and to eluci-
date in more detail their pathogenetic role in
sclerodermal skin lesions. Moreover, the patho-
genetic relevance of the levels of SMAD7 gene,
humanf-defensins, interleukin-6, interleukin-8,
CD34 positive dendritic cells, decorin, and neu-
ron-specific enolase with respect to clinical
improvement needs further investigation.

Pereira et al [28] compared the effect of UVA1
in various subgroups (including plaque-type
morphea, linear morphea, generalized mor-
phea, deep morphea, pansclerotic morphea of
children, and systemic scleroderma) and con-
cluded that plaque-type morphea obtained the
best result. This study however, cannot set a
standard protocol because patients in different
subgroups received different treatment regi-
men and dose of UVAL. Other studies too, that
used same dose of UVAL1 for different sub-
groups found comparatively better result in
plaque type morphea [9, 15]. In contrast to
this, poor response was seen in deep morphea.
2 out of 2 patients with deep morphea showed
no response [9] and 1 out of 2 showed fair to
poor response [15] to UVA1l phototherapy. In
one study [22], all the 9 patients with acroscle-
rosis showed no improvement with UVA1. With
these results, again it would be unfair to con-
clude that plaque type is the best responder to
UVA1 therapy because plaque type, being the
most common type, is most frequently studied,
comparing to rare types. Also, it cannot be
judged at this moment, which skin type patient
would be most benefitted because very few
studies mentioned the skin type of patients
enrolled. Studies that reported the skin type
include Fitzpatrick skin type Il or lll [13, 14, 17,
18, 24] and Fitzpatrick skin type II, Il or IV [15].
So studies in future need to report skin type of
patients and studies on Fitzpatrick skin type |,
IV and V are highly desirable.

There is always a question about safety, is
UVA1 phototherapy safe, is it free of side
effects? Like other phototherapy, UVA1 is also
seen to have some adverse effects. However,
serious systemic effects are not yet reported.
Except for mild tanning or skin pigmentation no
acute or subacute side effects were observed.
Only one patient complained of occasional he-
adaches during therapies [10] and one patient
reported pruritus at the beginning of therapy
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[15]. Even the study that used maximum UVA1
dose (130 J/cm? 30 times) did not report any
serious side effects, only one patient felt
uncomfortable during the last 10 minutes of
high-dose UVA1 exposure because of the asso-
ciated heat load [16].

In conclusion, UVA1l phototherapy seems to
offer a promising approach to treatment for LS
and skin involvement in systemic sclerosis.
However, the number of studies or case series
so far is low, partially due to the rarity of dis-
ease and perhaps also due to accessibility
restricted to specialized centers.

So, multicenter studies recruiting large number
of patients with similar symptoms and stages
of the disease are required to more accurately
define treatment schedules. On the basis of
published studies in scleroderma so far, it is
clear that UVA1 could stop or inhibit the fibrotic
processes in scleroderma. These reports indi-
cate that phototherapy could be an effective
therapeutic option for treatment of sclerotic
skin in patients with Scleroderma.
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