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Abstract

Introduction: A 308-nm excimer lamp combined with topical medicines has been used to treat vitiligo. However,
few studies have evaluated its efficacy and influencing factors in children.

Aim: We investigated the clinical effects and factors influencing the effectiveness of a 308-nm excimer lamp com-
bined with 0.03% tacrolimus ointment in treating children with non-segmental vitiligo.

Material and methods: A retrospective interventional case-series study was performed on 73 patients with non-
segmental vitiligo treated with combination therapy. The duration of treatment ranged from 1 to 24 months, and
the total number of treatments ranged from 4 to 78 sessions. We evaluated different treatment factors, including
the number of treatments with a 308-nm excimer lamp, location, dose, disease course, and adverse reactions.
Results: Overall, 105 leukodermas were treated: 36.2% had disappeared completely. The efficiency rate was 81.9%
after a median treatment duration of 10.5 months. The treatment was most effective for the face and neck. Patients
with a short disease duration showed a better response (disease duration shorter than 12 months). Reported ad-
verse reactions were mild.

Conclusions: Treatment using a 308-nm excimer lamp and 0.03% tacrolimus ointment is a safe and valuable treat-
ment for children with non-segmental vitiligo.
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Introduction

Vitiligo is a skin pigmentation disease that causes
the destruction or loss of function of skin melanocytes
through many mechanisms. The global prevalence of vit-
iligo is 0.06—2.28%. More than a half of these cases occur
before the patient reaches the age of 20 years [1]. In ad-
dition, children with vitiligo often have anxiety, an infe-
riority complex, and depression due to their unusual ap-
pearance. Therefore, these patients, encouraged by their
parents, eagerly seek treatment to improve their body
image, aesthetic appearance, and general health. The
pathogenesis of vitiligo remains undetermined, and the
optimal treatment option remains unelucidated. When
treating children, dermatologists must carefully choose
treatment methods to achieve the best effects and re-
duce the likelihood of side effects because children’s skin
has different structures and responds differently to medi-
cations than adults.

Aim
We aimed to investigate the clinical effect and in-
fluencing factors of a 308-nm excimer lamp combined

with 0.03% tacrolimus ointment for treating children with
non-segmental vitiligo.

Material and methods

In this study, we analysed clinical data, including pa-
tients’ characteristics (Table 1), the frequency of the 308-
nm excimer lamp treatment, dose, and adverse reactions,
in 73 children with non-segmental vitiligo who received
treatment between June 2018 and December 2020. Vitili-
g0 is an acquired, idiopathic pigmentation disorder of the
skin. For each patient, a standardized evaluation included
careful examination in both daylight and using Wood’s
lamp. The patients were treated with 0.03% tacrolimus
ointment twice a day and with a 308-nm excimer lamp
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Table 1. Patients’ characteristics

No. Onset age [years] Sex Site Family history of vitiligo  Disease duration [months] Skin type
1 12.3 F Trunk Yes 4 Il
2 53 M Face, neck, trunk No 11 I
3 5 M Trunk Yes 4 Il
4 13 F Trunk No 10 Il
5 3.8 F Trunk No 9 I
6 5 F Leg No 6 I
7 4.5 F Face, arm No 7 Il
8 6.3 F Face No 8 I
9 11 M Trunk No 18 Il
10 7 M Neck Yes 10 Il
11 11.7 F Neck, face, arm No 11 1
12 5 F Trunk No 12 11
13 8.8 F Neck Yes 13 Il
14 6 M Trunk, neck No 2 1
15 10.7 F Arm, trunk No 17 I\
16 7.2 F Arm No 7 I
17 6 M Leg, hand No 6 Il
18 6.5 M Neck No 4 I\
19 10.6 M Leg, foot No 19 v
20 4 M Leg, foot Yes 2 1]
21 11 F Neck No 8 Il
22 12.2 F Neck No 2 I
23 9 F Neck, leg No 3 1]
24 7 M Foot Yes 5 Il
25 10 M Foot Yes 8 I
26 7 M Neck Yes 11 1l
27 8 F Neck No 2 1l
28 8.2 M Neck, trunk, face No 20 [\
29 8.6 M Leg No 16 1l
30 12.3 F Leg No 18 Il
31 8.8 F Leg Yes 6 Il
32 9 F Trunk No 7 \%
33 11.5 M Neck Yes 8 1l
34 8 F Trunk No 9 I}
35 9 F Arm, trunk No 5 I\
36 7 M Trunk No 10 1l
37 9.8 F Hand Yes 7 I}
38 10 F Trunk No 3 I}
39 9 M Neck No 5 I
40 10.5 F Trunk No 3 I}
41 11 M Leg Yes 16 Il
42 5 M Trunk No 3 11
43 11 F Arm No 8 I}
44 4 M Trunk No 22 \%
45 11.3 F Trunk Yes 9 I\
46 6 M Trunk No 3 I}
47 12.5 M Neck No 2 Il
48 9.2 F Hand No 5 I
49 12.5 F Foot No 7 Il
50 8.3 F Foot No 16 Il
51 12.8 F Trunk Yes 5 Il
52 13 M Trunk No 13 %
53 10.1 M Trunk No 5 I
54 4 F Trunk No 16 Il
55 12.8 F Trunk No 4 Il
56 13 M Trunk No 3 I
57 4.5 F Leg No 9 Il
58 13 M Trunk No 9 Il
59 10.8 M Hand No 12 Il
60 8.5 F Trunk Yes 6 Il
61 11.8 M Hand Yes 2 %
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Table 1. Cont.

No. Onset age [years] Sex Site Family history of vitiligo  Disease duration [months] Skin type
62 8 F Foot, trunk Yes 3 1
63 7 M Trunk No 7 I
64 10.2 F Foot No 5 I
65 10 M Trunk No 1 1l
66 9.4 M Foot No 8 v
67 9.6 F Foot No 15 I
68 10.2 M Trunk No 13 I
69 5 M Face No 16 v
70 11.2 F Leg No 11 I
71 12.5 F Leg, face No 3 1
72 10 F Neck No 2 I
73 3 F Trunk No 14 Il

once a week. Initially, we tested the minimal erythema
dose (MED). The lowest possible treatment dose was set
to avoid phototoxic reactions. Starting from the second
treatment, the dose of each treatment was determined
by referring to the duration of the previous treatment
and subsequent erythema. If the erythema disappeared
within 24 h after the previous treatment, the next dose
was increased by 50 mJ/cm?. If the erythema was pres-
ent for 48 h after the previous treatment, treatment was
stopped until the reaction subsided and then continued
by delivering 80% of the previous dose. If blistering and
burning pain occurred, treatment was stopped until the
reaction disappeared, MED was re-measured, and treat-
ment was resumed according to the revised plan. One
course of treatment included 20 sessions with the 308-
nm excimer lamp therapy, with 1-month interval between
two courses. Treatment with tacrolimus ointment was
continued between the two courses. The lesions were
irradiated once weekly, and any adverse reactions were
recorded. During the 308-nm excimer lamp treatment
process, patients, families, and therapists were required
to wear goggles for personal protection.

Observation criteria, evaluation criteria,
and efficacy determination

The efficacy of treatment was assessed based on the
following endpoints: the percentage of skin repigmenta-
tion, the response rates of the vitiligo lesions at various
sites, and recurrences were also noted. Treatment effi-
cacy assessment based on clinical examination and pho-
tography evaluation (Canon EQS 750D, Tokyo, Japan) was
done in a blinded manner at the baseline pretreatment
visit and once a month thereafter until the end of the
study (Figure 1). The percentage of skin repigmentation
assessment was performed by two physicians who did
not follow the course of phototherapy. Repigmentation
was graded on a 6-point scale as follows: O for no re-
pigmentation, 1 for poor up to 25% of the affected area,
2 for 26% to 50%, 3 for 51% to 75%, 4 for 76% to 99%,
and 5 for 100%. In cases of disagreement between the
two physicians, a second evaluation was done together.
If disagreement persisted, the lowest evaluation grade
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was chosen. Treatment efficacy was scored in four grades
according to the 6-point scale: Return to Normal, Signifi-
cant Improvement, Partial Improvement, or No Improve-
ment. “Return to Normal” was defined as repigmenta-
tion of grade 5. “Significant Improvement” was defined
as repigmentation of grade 3 or 4. “Partial Improvement”
was defined as repigmentation of grade 1 or 2. “No Im-
provement” was defined as repigmentation of grade O or
expansion of the affected area was noted. The efficiency
rate was calculated as follows: Efficiency rate = (number
of “Return to Normal” cases + number of “Significant Im-
provement” cases)/total cases x 100%.

Results
Post-treatment findings

The clinical characteristics of 73 patients with 105
leukodermas are summarized in Table 2. The onset
ages of the patients ranged from 3 to 13 years (median:
9 years). The median disease duration was 7 months
(range: 1-22). The mean onset of action was 16.2 +2.1
days. The most common site was trunk (36.2%), and
other involved locations were the face and neck (24.8%),
hands and feet (20.9%), arms and legs (18.1%). The me-
dian number of treatment sessions was 36 (range: 4-78),
and the median duration of treatment was 10.5 months
(range: 1-24). Treatment was effective in 86 leukodermas
with an efficiency rate of 81.9%. Thirty-eight leukoder-
mas were fully cleared after treatment, with a clearance
rate of 36.2%.

The treatment was most effective in the face and
neck areas, followed by the trunk, limbs (arms and legs),
and extremities (hands and feet), in that order. The ef-
ficiency rate of the face and neck treatment was signifi-
cantly higher than that of the limb and extremity treat-
ment. The Kruskal-Wallis rank-sum test results indicated
that the efficiency rate of the face and neck was signifi-
cantly different from that of the limbs (p = 0.022, p <
0.05; Table 3). In multivariable analysis, patients with
non-segmental vitiligo with a short disease duration
showed a better response (Table 4). After 15 weeks of
treatment, the efficiency rate decreased. After the first
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Figure 1. A — Patient showing a vitiligo lesion on the neck before the excimer lamp treatment. B — The same patient showing
that the skin had returned to its normal colour after two courses of treatment. C — Patient showing multiple vitiligo lesions
on the neck before the excimer lamp treatment. D — The same patient showing significant improvement after two courses of
treatment. E — Patient showing a vitiligo lesion on the face before the excimer lamp treatment. F — The same patient showing
partial improvement after two courses of treatment. G — Patient showing a vitiligo lesion on the foot before the excimer lamp
treatment. H — The same patient showing no improvement with expansion of the affected area after two courses of treatment
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Table 2. Clinical parameters of 73 patients with non-
segmental vitiligo in this study

Characteristic Value
Median onset age (range) [years] 9 (3-13)
Male : female 35:38
Weight [kg] 29.5 +13.5
Height [m] 1.27 +0.23
Family history of vitiligo, n (%):

Yes 17 (23.3)

No 56 (76.7)
Median disease duration (range) [months] 7 (1-22)
Size, n (%):

<10 cm? 45 (42.9)

10-20 cm? 31(29.5)

> 20 cm? 29 (27.6)
Skin type, n (%):

I 7 (9.6)

Il 54 (74)

v 12 (16.4)
Mean onset of action [days] 16.2 +2.1
Median number of treatment sessions (range) 36 (4-78)
Median duration of treatment (range) [months] 10.5 (1-24)

course of treatment, radiation therapy was suspended
for 1 month, during which 0.03% tacrolimus ointment
was applied twice a day. The second course of treatment
exhibited a high-efficiency rate followed by recovery.
Treatment was discontinued after pigmentation normal-
ized completely. However, recurrence was observed in
3 cases, with an average recurrence time of 207.6 days.

Adverse reactions

Adverse reactions included local blisters (1, 0.9%),
pruritus (23, 21.9%), peeling (26, 24.8%), burning sen-
sation (14, 13.3%), and erythema (15, 14.3%). Blisters
were treated with mupirocin ointment; the symptoms of
other adverse reactions were relieved by applying emol-

lient. The minimum erythemal dose was re-measured,
and a modified regimen was continued in the treatment
group; thereafter, no further blistering was observed.

Discussion

In recent years, treatment with a 308-nm excimer
lamp has been gradually promoted as an option for treat-
ing various skin diseases. The 308-nm excimer lamp is
a type of the excimer lamp that uses xenon chloride as
the irradiation source. Importantly, it has a single wave-
length and a high energy output and is considered the
best ultraviolet lamp for vitiligo treatment. Vitiligo is
characterized mainly by the destruction of melanocytes
in the epidermis. However, because hair follicles have the
same immune privilege as other privileged body parts
that contain melanocytes, such as the brain, eyes, and in-
ner ear, melanocytes in hair follicles are usually retained.
Melanocyte stem cells in hair follicles can be used to re-
plenish the epidermis of vitiligo lesions with newly differ-
entiated functional melanocytes [2]. Therefore, there are
two main objectives when treating vitiligo: suppression
of autoimmunity and promotion of hair follicle melano-
cyte regeneration.

Studies have confirmed the role of cytotoxic T cells
in the pathogenesis of vitiligo [3, 4]. A 308-nm excimer
lamp can induce local infiltration T-lymphocyte apoptosis
[5], promote Langerhans cell antigen uptake, and influ-
ence the downregulation of cytokines activity [6], such
as interleukin and tumour necrosis factor, thus reducing
the damage to melanocytes. Studies have reported an
increase in the expression of tyrosinase and microph-
thalmia-associated transcription factor during irradia-
tion with a 308-nm excimer lamp. These can stimulate
the directional differentiation of epidermal melanocytes
and were found to be significantly increased in cells,
especially those in the hair root sheath outside the hair
follicle, to produce more melanin [7]. These are then de-
livered to the skin site with pigment loss [8]. It is widely
believed that tacrolimus plays a therapeutic role as an
immunomodulator by inhibiting calcineurin in T cells,
preventing the production and release of various pro-
inflammatory cytokines [9]. Tacrolimus also inhibits the

Table 3. Efficacy and cumulative dosage according to the site of the lesion

Site of n (%) Return to Significant Partial No improvement Efficiency rate Cumulative
lesions normal improvement improvement (n (%)) (n (%)) dose [J/cm?]
(n (%)) (n (%)) (n (%))

Face and neck 26 (24.8) 15 (57.7) 9 (34.6) 2(9.1) 0 (0) 24 (92.3) 13.8
Arms and legs 19 (18.1) 6 (31.6) 8 (42.1) 3(15.8) 2 (10.5) 14 (73.7) 14.8
Hands and 22 (20.9) 3(13.6) 11 (50.0) 4 (18.9) 4 (18.9) 14 (63.6) 16.3
feet

Trunk 38 (36.2%) 14 (36.8) 20 (52.6) 4 (10.5) 0 (0) 34 (89.4) 14.1
Overall 105 38 (36.2) 48 (45.7) 13 (12.4) 6 (5.7) 86 (81.9) 14.7

n —number of leukodermas. Efficiency rate = ((No. of “return to normal” cases + No. of “significant improvement” cases)/Total cases) x 100.
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Table 4. Prognostic factors influencing the response of patients with non-segmental vitiligo (n = 73)

Category N Efficiency rate (n (%)) 0Odds ratio (95% Cl) P-value

Gender Male 35 27 (77.1) Reference 0.373
Female 38 33 (86.8) 0.345 (0.33-3.582)

Family history of Yes 17 14 (82.4) Reference 0.284

vitiligo No 56 43 (76.8) 0.234 (0.017-3.323)

Onset age [years] 3¢y<8 27 22 (81.5) Reference 0.597
8<y<13 46 34 (73.9) 0.201 (0.134-3.002)

Skin type, n (%) Il 7 5(71.4) Reference 0.541
1l 54 45 (83.3) 1.432 (0.452-4.536)
[\ 12 9 (75) 1.238 (0.594-2.707)

Duration of the <12 57 53 (92.98) Reference 0.009

disease [months] 16 15 (81.25) 0.172 (0.046-0.647)

Cl - confidence interval. Univariable and multivariable logistic regression analyses were performed in sequence to determine the independent prognostic factors

associated with the treatment effect.

synthesis and release of tumor necrosis factor-o. (TNF-o)
and interferon-y (IFN-y), thus directly enhancing the pro-
liferation of melanocytes [10] and promoting their mi-
gration by increasing the production of stem cell factors
[11]. Our results suggest that the concurrent treatment of
topical tacrolimus seemed to have contributed to a high
repigmentation rate. However, further controlled clinical
trials are needed to confirm these observations. Patients
with non-segmental vitiligo with a short disease dura-
tion showed a better response to topical tacrolimus and
the 308-nm excimer lamp than patients with a longer
disease duration. Hence, early detection and early treat-
ment are imperative for better treatment outcomes. The
total number of combination treatments was positively
correlated with the efficacy, which is consistent with the
results of relevant studies [12]. Three patients with com-
plete pigment regeneration experienced a recurrence of
lesions 6 months after discontinuation of treatment. In
recent years, tissue-resident memory T cells have been
discovered to be long-lived non-migratory memory cells
residing in most non-lymphoid tissues (including skin)
and are actively involved in the long-term process of re-
versing vitiligo [13]. It has been suggested that some pa-
tients may need to undergo treatment for an extended
period to recover and maintain remission even after the
skin lesions achieve a normal colour. However, mainte-
nance therapy remains controversial, and studies with
larger sample sizes and analyses are required to deter-
mine its impact.

Long-term irradiation using a 308-nm excimer lamp
has some limitations, and the following should be con-
sidered: first, this treatment affects the healthy skin ad-
jacent to the affected area; second, patients usually need
to go to the hospital for treatment which adds to the
time and the economic cost required of patients; finally,
the impact of long-term treatment is still unknown. The
DNA damage induced by this monochromatic irradiation
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has not been adequately probed. Some studies indicate
that the excimer lamp is a non-coherent light source [14].
It remains unclear whether this may cause the modali-
ties to affect the skin differently. Shorter wavelengths are
believed to have more significant risks of erythema as
well as carcinogenesis [15]. Multiple animal experiments
have confirmed that UV, directly and indirectly, induces
DNA lesions, which cause genetic mutations and trig-
ger inflammation and immunosuppression, promoting
tumour growth [16]. However, there is no evidence of
the precise risks of UV. Moreover, long-term follow-up
data on patients treated with 308-nm excimer lamps
are lacking. Thus, there is no unified consensus on the
specific implementation of maintenance therapy. In our
study, after 15 weeks of treatment, the increase in ef-
ficiency rate slowed, which may be due to an increased
inflammatory response to the increased light tolerance
of human melanocytes following long-term irradiation
using a high-purity ultraviolet lamp. Therefore, the cura-
tive effect is often reversed after suspending radiation
therapy. Adverse reactions were mild and were relieved
with appropriate treatment. One case with a local blister
occurred during the summer. The case was a five-year-old
male with leukoderma on the left forearm. It cannot be
ruled out that an increase in sun exposure during out-
door sports increases the influence of skin phototoxicity.
To reduce the occurrence of such adverse reactions, in
addition to selecting the minimum amount of erythema
and increasing the treatment dose carefully, we suggest
that family members should be instructed on the appli-
cation of sunscreen to the excimer light treatment area
daily in summer. We observed that patients typically ex-
perienced only a slight heat sensation during treatment.
These treatments were well tolerated, especially by chil-
dren.

This study has several limitations. The study’s sample
size was relatively small, and some patients’ data may
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have been missing or incomplete. Therefore, more stud-
ies with a low risk of bias and larger sample sizes are
needed to verify the results of our analysis. We believed
the study was a supplement to the experience of treating
children with vitiligo.

Conclusions

Our findings indicate that using a 308-nm excimer
lamp and 0.03% tacrolimus ointment is a valuable treat-
ment for children with non-segmental vitiligo. A low
recurrence rate and few adverse effects make it a safe
clinical treatment option.
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