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CLINICAL REPORT

Targeted Broadband Ultraviolet B Phototherapy Produces Similar
Responses to Targeted Narrowband Ultraviolet B Phototherapy
for Vitiligo: A Randomized, Double-blind Study
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Narrowband ultraviolet B (NB-UVB) phototherapy, with
a 308-nm xenon chloride excimer laser, and targeted
UVB phototherapy have produced encouraging thera-
peutic results for vitiligo. However, very few studies em-
ploying broadband UVB exist. Moreover, there has been
no direct comparison study between broadband UVB
and NB-UVB for the treatment of vitiligo. The aims of
this study were to compare the repigmenting efficacy of
targeted broadband UVB phototherapy with that of NB-
UVB in an equi-erythemogenic manner. Twenty identi-
cal vitiliginous lesions from 10 patients were randomly
allocated to receive either targeted broadband UVB or
targeted NB-UVB phototherapy. UV fluences were star-
ted at 50% of the minimal erythema dose detected within
the vitiliginous patches, then increased gradually, in the
same manner, to ensure equi-erythemogenic comparison.
Treatments were carried out twice weekly for 12 weeks.
The results show that grade 1, i.e. 1-25% repigmenta-
tion, to grade 2, 26-50% repigmentation, occurred in
6 of 10 subjects. Responses in terms of repigmentation,
de-pigmentation, or lack thereof, were similar between
lesions receiving broadband and NB-UVB phototherapy.
Onset of repigmentation occurred as early as 4 weeks of
treatment in most subjects. Treatments were well tole-
rated, with only minimal erythema and hyperpigmenta-
tion. Limitations: the study was carried out in a small
number of patients with skin types III, IV and V. The
irradiation device was a targeted UVB device and thus the
results may not be applicable to other light sources, such
as the excimer laser or total-body irradiation cabinets.
In conclusion, targeted broadband UVB produces similar
clinical responses to targeted NB-UVB in the treatment
of the non-segmental type of vitiligo. Key words: targeted
phototherapy; vitiligo; narrowband UVB; broadband
UVB; ultraviolet.
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Vitiligo is a very common depigmenting disorder that af-
fects a large number of patients worldwide. The condition
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is not harmful, but may be mistaken for a more serious
condition, such as leprosy, by people in some parts of the
world, thus resulting in psychological damage.

Total-body narrowband ultraviolet B (NB-UVB)
phototherapy, at a wavelength of 311-313 nm, is now
the mainstay of treatment for generalized vitiligo (1, 2).
Compared with psoralen photochemotherapy (PUVA),
NB-UVB has been shown to produce at least equal, or
even better, repigmentation capability (1). These total-
body treatments, however, are associated with undue
burning and skin ageing of the unaffected skin when
administered long-term.

There are numerous studies employing different tar-
geted UVB devices, namely the 308-nm xenon chloride
(XeCl) excimer laser (3—13) and other targeted UVB light
sources, such as monochromatic excimer light (MEL)
(14), microphototherapy (15, 16), and our own report
using a targeted broadband UVB (BB-UVB) system
(DuaLight™) (17), and excellent repigmentation of more
than 75% has been observed.

The fact that targeted BB-UVB phototherapy results
in repigmentation in vitiligo, even in the segmental type
(17), similar to the results seen with phototherapy using a
narrower spectrum, prompted us to conduct a randomized
study to compare the efficacies of targeted BB-UVB and
targeted NB-UVB in an equi-erythemogenic manner. As
most studies using this type of irradiation device have
demonstrated that repigmentation occurs more rapidly
than that from total-body irradiation (5, 10, 14), our
primary question was whether NB-UVB produces better
repigmentation within the first 12 weeks of irradiation.
However, we also continued our study to 24 weeks to allow
us to determine the effect of longer-term treatments.

MATERIALS AND METHODS

Patients

Patients, aged 16 years or older, with stable focal or generalized
vitiligo were eligible to enter the study. Stable vitiligo was defined
as lack of repigmentation, or depigmentation within 8 weeks of
recruitment into the study. Wash-out periods of 4 weeks for all
forms of phototherapy, and 2 weeks for topical treatments, were
required. Patients with a history of skin cancers, photosensitive
conditions, such as xeroderma pigmentosum, solar urticaria,
chronic actinic dermatitis or lupus erythematosus, and those who
were pregnant or lactating were excluded.
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The study protocol was approved by the ethics committee of
the Faculty of Medicine, Chulalongkorn University. Informed
consent was obtained from each participant prior to the start
of treatment.

Study lesions

Lesions in sun-protected areas, within the same anatomical
area, and on the same side of the body, were chosen as prefer-
red study patches. If this was not possible, then lesions sym-
metrically located in contralateral areas were allowed. Lesions
were then randomized, using randomization cards, to receive
either targeted BB-UVB or targeted NB-UVB. Lesions were
mapped and digitally photographed (Fujifilm, FINEPIX S3 Pro,
Tokyo, Japan) at baseline and every 4 weeks thereafter. The
photographs were all taken using the same camera settings.

Device

The irradiation source used in this study, DuaLight™ (Thera-
Light, Inc. Carlsbad, CA 92008, USA), was a high-pressure
mercury lamp capable of emitting either BB-UVB or NB-UVB
via a switch on the hand-piece. The BB-UVB spectral output
of this light source includes peaks at 302 nm and 312 nm, with
an average weighted erythemal wavelength of 304 nm, while
that of NB-UVB has only one major peak at 313 nm and an
average weighted erythema of 311 nm. The high output of this
device allows irradiation of 100 mJ/cm? of UVB to occur within
approximately 0.7 sec. UV radiation is delivered through a
square aperture, measuring 1.9 x 1.9 cm.

Protocol

Minimal erythema doses (MEDs) of both BB-UVB and NB-
UVB were determined within the vitiliginous patches (MED-
VIT) prior to start of irradiation. The DuaLight™ system
is equipped with an MED determination function, with set
increasing doses of light for each skin type. This allows one to
deliver 6 different doses of light within a period of 1-2 min. As
vitiliginous lesions are commonly devoid of any pigment, we
chose the pre-set doses for skin type 1, i.e. 45, 60, 75, 90, 105
and 120 mJ/cm? for BB-UVB, and 90, 150, 210, 300, 360 and
420 mJ/cm? for NB-UVB. In cases where MEDs could not be
determined, we gradually increased the doses to 2000 mJ/cm?
for NB-UVB and 600 mJ/cm? for BB-UVB. If the MEDs still
could still not be determined, we commenced light treatment
with the highest fluences used at MED testing. Starting fluences
of' both UV lights were 50% of the pre-determined MEDs. Treat-
ments were carried out twice weekly, with at least 24 h between
treatments. UV doses were increased by 10% if no erythema
or discomfort developed from the prior irradiation, 5% with
minor erythema not lasting longer than 24 h, and no increments
if the erythema lasted more than 24 h. Treatments were to be
skipped if significant erythema or blistering developed. Light
fluences were increased until the first sign of repigmentation or
mild erythema was observed. Treatments were continued until
complete repigmentation occurred or for 12 weeks.

Evaluation of efficacy

Three investigators blinded to the treatment assignment (PA,
WS and WK) independently graded the lesions through exami-
ning the digital images. The grading system for improvement,
used by most investigators (18, 19) was as follows: grade 0, no
change; grade 1, 1-25%; grade 2, 26-50%; grade 3, 51-75%;
and grade 4, 76—-100% improvements. Because we anticipated
that worsening of lesions might occur, we also included 4 more
grades for depigmentation, i.e. grade —1, 1-25% depigmenta-
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tion; grade —2, 26-50% depigmentation; grade -3, 51-75%
depigmentation and grade —4, >75% depigmentation.

Statistical analysis

A Wilcoxon signed-rank test was used to compare the degree
of repigmentation between targeted NB-UVB and targeted BB-
UVB in each patient at the 4th, 8th, 12th, 16th, 20th and 24th
weeks. In all instances, p<0.05 was considered statistically
significant. Statistical analysis was carried out with SPSS ver-
sion 11.5 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Ten patients, 7 women and 3 men, enrolled and com-
pleted the first 12 weeks of the study. Patients 1, 4 and
8 dropped out at the 16th, 20th and 16th weeks due
to difficulties in work scheduling. Nine patients had
generalized vitiligo, while one had localized disease.
Past treatments included topical steroids, topical pime-
crolimus, topical tacrolimus, topical meladinine plus
sunlight (PUVASOL) and total body NB-UVB, with va-
riable success. One patient had type 2 diabetes mellitus,
and one had hyperthyroidism; both were well-control-
led. The demographic features of the patients are shown
in Table I. The skin phototype, location of lesions and
MED for each patient are shown in Table I1.

The MEDs-VIT for NB-UVB and BB-UVB could be
detected in all but one subject (patient 2), whose lesions
were primarily on the dorsum of the hands. It should
also be noted that repigmentation did not occur in this
patient. In all instances, as expected, the MED , .. of
vitiliginous patches were higher than MED with
the mean MED

BB-UVB

vy €xcluding the only outlier value

Table 1. Demographic features of the patients

Characteristics

Sex, men/women (n) 3/7
Age, mean * SD (range) (years) 41.81+12.82 (22-66)
Duration of vitiligo (years), n (%)

0-5 5(50)
6-10 3(30)

11-15 1(10)

16-20 1(10)
Age at onset (years), n (%)

21-30 3(30)

31-40 5(50)

41-50 1 (10)

51-60 1 (10)
Skin phototype, 1 (%)

I 3(30)

v 4 (40)

\% 3(30)
Family history of vitiligo (1)

Yes 2

No 8
Underlying disease ()

Diabetes mellitus 1

Hyperthyroidism 1

None 8

SD: standard deviation
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Table II. Skin phototype, location of study lesions, and minimal
erythema doses (MEDs) of targeted narrowband (NB) UVB and
targeted broadband (BB) UVB

Skin Location of ~ MED, MED; vs

Patient  phototype study lesion  (mJ/cm?) (mJ/cm?)

1 \% Feet 480 1800

2 v Hand Undetectable Undetectable

3 11 Neck 50 90

4 \% Leg 90 330

5 v Buttock 120 180

6 11T Face 90 150

7 I Trunk 90 135

8 \% Leg 90 330

9 v Abdomen 120 330
10 v Forearms 150 180

in subject 1, being 185.62 +92.79 mJ/cm?, while that of
BB-UVB was 130+ 88.96 mJ/cm?.

Compliance was excellent; in fact only one patient
missed 2 treatments within the first 12 weeks. All others
received 24 treatments. The number of treatments, as
well as cumulative doses of NB-UVB and BB-UVB
received in the 12 and 24 weeks, are shown in Table III.
There was also strong inter-rater agreement, with all phy-
sicians giving the same gradings for all time-points.

Overall, repigmentation from either type of light
treatment was very similar (Fig. 1), with the difference
never more than 1 grade. At all time-points, repigmen-
tation during treatment between the two groups was
not statistically significantly different at the 4% week
(»=0.083), 8" week (p=0.564), 12 week (p=1.000),
16" week, (p=0.564), 20" week (p=1.000), or 24" week
(p=0.705, Wilcoxon signed-rank test).

At 12 weeks, repigmentation occurred in 6 lesions
that had received BB-UVB, and 5 that had received
NB-UVB. Grade 2, namely 26-50% repigmentation,
occurred in 2 patients on NB-UVB and 2 on BB-UVB.
The remainder had grade 1, 1-25% repigmentation.
When repigmentation occurred, it was evident within
the first 4 weeks of treatment in all instances (Fig. 1).

At 24 weeks, when 7 patients were available, similar
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Fig. 1. Overall repigmentation at 4", 8" and 12" week (n=10). NB-UVB:
narrowband ultraviolet B; BB-UVB: broadband ultraviolet B.

responses to both forms of light treatment were still
maintained, with no further repigmentation or depig-
mentation.

Two patients did not respond to either type of photo-
therapy (Fig. 2). In patient number 2, the lesions were
on the dorsal hands, an area notorious for lack of re-
pigmentation from all forms of UV light treatment. In
yet another subject, patient 3, the lesions were located
on the neck.

Depigmentation occurred in 2 patients, 2 from BB-
UVB and whereof one also from NB-UVB (Fig. 2).
Again, these 2 patients were non-responders to other
forms of treatments including topical tacrolimus and
total-body NB-UVB. In addition, in both subjects,
depigmentation was noted on other parts of the body;
however, no definite triggers could be elucidated.

Fig. 3 demonstrates similar repigmentation from
BB-UVB and NB-UVB observed at 12 weeks in patient
number 9.

Treatments were otherwise well tolerated by all
subjects. Some peri-lesional pigmentation (Fig. 3) and
mild to moderate erythema, not necessitating cessation
of treatment, occurred in all patients. No blistering ery-
thema occurred at any of the treated sites.

Table III. Number of treatments and cumulative ultraviolet B (UVB) doses received by subjects

Cumulative UVB dose (mJ/cm?)

Number of treatments received Targeted broadband UVB Targeted narrowband UVB

Patient (in 12 weeks) 12 weeks 24 weeks 12 weeks 24 weeks

1 24 11630 11630 41730 41730

2 24 17610 69720 27895 106795

3 24 1260 3280 2235 6465

4 24 3005 5400 7185 11145

5 24 3680 8510 4840 10170

6 24 1970 3680 3600 6830

7 22 2615 2615 3985 3985

8 24 3250 10500 6460 18670

9 24 3825 7825 6980 14180
10 24 4195 8695 5640 11400
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Fig. 2. Individual repigmentation gradings at 12 weeks (»=10). BB-UVB:
broadband UVB; NB-UVB: narrowband UVB.

DISCUSSION

Several reports exist for 308-nm XeCl excimer laser
treatment (3—13) and other targeted UVB light sources,
such as monochromatic excimer light (MEL) (14) and
microphototherapy (15, 15) for vitiligo, with variable
results. In a study by Taneja et al. (18), some degree
of repigmentation was observed in all subjects after
40-60 treatments. This repigmentation was excellent,
more than 75%, on the face in all of their participants.
Esposito et al. (9) achieved excellent repigmentation
in 7 of 24 patients treated with the same laser system.
In another study, some repigmentation occurred in 9
of 11 patients (82%) after 12 treatments. However, re-
pigmentation of more than 75% occurred in only 2 of
11 patients (5). In yet another study, a different focus,
NB-UVB system, termed “microphototherapy” by
Menchini et al. (16), was used. After variable numbers
of treatments given over a course of 12 months (mean
24 sessions), 510 of the 734 subjects (69.5%) achieved
normal pigmentation on more than 75% of the treated
areas. Of these, 112 were totally repigmented.

It is, however, difficult to compare the responses
obtained from these studies, because different irradia-
tion protocols, numbers of treatments and, importantly,
different light sources, were used. Apart from the
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treatment parameters, several other factors affect the
therapeutic outcome, most importantly, the anatomical
locations of lesions (5—11, 16, 18, 20). Skin types (5, 7,
8,12, 20, 21), age (7, 8, 12, 20, 21), sex (7, 8, 12, 20,
21), duration of disease (7-9, 12, 20, 21), response to
previous treatments including phototherapy (6, 8, 10,
14) are less predictable prognostic factors. To over-
come the effects of these confounders, we performed
our study in a randomized, double-blind, MED-based,
equi-erythemogenic manner using the same irradiation
device. We also excluded segmental vitiligo, which is
notoriously difficult to treat even with targeted light
sources (12, 21).

Despite the very few studies using total-body BB-
UVB for vitiligo (22, 23), we were encouraged by the
results from our previous study in which repigmentation
was observed from targeted BB-UVB phototherapy
(17). In the present report, although conducted in a small
number of subjects, we demonstrated that when similar
irradiation schedules are used, the efficacy of targeted
BB-UVB can be similar to that of NB-UVB, such that
when repigmentation occurred, it occurred to a similar
degree. Importantly, when de-pigmentation occurred it
did so with both types of light sources.

One advantageous feature seen with targeted UV
treatment for vitiligo is the rapid onset of therapeutic
results. In the study reported herein, repigmentation
occurred within the first 4 weeks of treatment, i.e. 8
phototherapeutic sessions, in line with other studies in
which onset of repigmentation was noted within the
first 5-12 treatments (5, 10, 24). More rapid onset of
repigmentation within the first 4—8 treatments has been
reported with the use of MEL (14).

Although repigmentation could be seen early in the
course of treatment, to achieve significant repigmenta-
tion, i.e. 75% or greater, continued treatment may be
necessary. Unfortunately, we did not see further impro-
vement in pigmentation grading when treatments were
extended to 24 weeks.

The fact that the repigmentation observed in this study
was not more than grade 2 warrants some discussion.
First, the starting UV doses used in our study may be

Fig. 3. Patient 9: (A) Baseline. (B)
Grade 1 pigmentation at 12 weeks
from targeted broadband UVB (a) and
targeted narrowband UVB (b).
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slightly on the lower side, compared with other studies
in which starting doses at MED-VIT minus 50 mJ/cm?
were used (12, 24). However, our design, which was to
employ equi-erythemogenic fluences of UV light, did
not allow us to use such fixed starting doses. Notably,
the mean MED-VIT,, ., of 185.62+92.79 mJ/cm’
in the present study, when an outlier MED in one
subject (patient 1) was excluded, is in agreement with
MED_, ., detected within the lesions reported in other
studies (16, 24).

Secondly, as stated above, the most important prog-
nostic factor demonstrated from numerous studies is the
location of lesions (5—11, 16, 18, 20). In general, lesions
on the face and neck respond quite readily to topical
treatments and UV light therapy. Truncal lesions and
those on the proximal extremities do respond somewhat,
while those in the peri-oral and distal extremities are
most recalcitrant to all forms of treatments.

Within the so-called “UV-sensitive areas” Ostovari
et al. (7) found no difference in the repigmentation
response to 308-nm XeCl excimer laser. On the other
hand, lesions within the UV-resistant areas can behave
differently, with lesions on the dorsal hands, feet as well
as ankles responding very poorly to laser treatment. In
our patients half of the study patches were on the ex-
tremities (Table II), which could have affected the out-
come. This is also supported by Taneja et al. (18), who
reported that despite success in other parts of the body,
only grade 1 repigmentation was seen in such areas and
then only in a small number of study subjects.

Finally, the number as well as duration of treatment
may be important to the final outcome of UV light treat-
ment, especially for total-body NB-UVB phototherapy
(1, 25). However, this did not seem to be the case in
our study, as we did not observe further improvement
in pigmentation grading when treatments were exten-
ded to 24 weeks. This is not surprising, as it has been
shown that, at least for XeCl excimer laser and MEL,
if repigmentation does not occur within the first 20
treatments, improvement beyond that time point is less
likely (6, 14).

In summary, we have demonstrated that targeted BB-
UVB is a useful tool for the treatment of localized viti-
ligo, with efficacy similar to that of NB-UVB. Whether
this could be applied to total-body BB-UVB irradiation
remains to be studied. Also, given the reported suc-
cess of XeCl excimer laser and targeted light sources
for other localized leukodermas, such as post-laser
hypopigmentation (26, 27), it would be interesting to
study how targeted BB-UVB fare with these difficult
leukodermas.
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