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-ABSTRACT-

Comparison of sub-erythema dose and erythema dose of excimer
laser treatment for stable vitiligo: A randomized controlled trial

OBJECTIVE: To investigate the efficacy and safety of sub-erythema dose (SED) of EL
treatment compared to the erythema dose (ED) in treating stable vitiligo.
DESIGN: A randomized, controlled, split-body study.
SETTING: The trial was performed in two tertiary health care centers in Korea.
PARTICIPANTS: Thirty-six right or left sides of 18 patients with stable symmetric
vitiligo on the face and neck were enrolled.
INTERVENSIONS: The two sides of the face or neck were randomly assigned to either
SED or ED group of EL treatment. Both laser treatments were conducted twice weekly
for 3 months. Initial irradiation dose was 50 mJ/cm2 and 100 mJ/cm2 on the face, and
100 mJ/cm2 and 200 mJ/cm2 on the neck for SED and ED group, respectively. If there
had not been pinkish erythema lasting less than 24 hours after treatment in the ED group,
the dose was escalated by 25 and 50 mJ/cm2 in subsequent treatment session for SED
and ED group, respectively. The ED was defined as the dose to produce pinkish
erythema lasting less than 24 hours, and the SED as the half of the ED.
MAIN OUTCOMES AND MEASURES: The degree of repigmentation (%) from
baseline in each side was assessed using Vitiligo Extent Score for a Target Area by
blinded evaluators.
RESULTS: The SED side showed 86.1% ± 23.9% of repigmentation and was similar to
86.9% ± 23.0% in the ED side. Four patients (22.2%) complained of prolonged erythema
lasting 3 days or pain on the ED side at least once during the 3-month period, but not on
the SED side.
CONCLUSIONS AND RELEVANCE: The SED-EL treatment would be sufficient for
achieving repigmentation of stable vitiligo, and could be an effective and safe dosimetry
i

of EL treatment.
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INTRODUCTION
A. Vitiligo
Vitiligo is a common autoimmune disease of the skin that causes depigmentation
through T-cell–mediated destruction of melanocytes. According to a recent international
consensus conference, vitiligo can be classified into two major forms—namely, nonsegmental vitiligo, also known as vitiligo, and segmental vitiligo (Ezzedine et al., 2012).
Non-segmental vitiligo, the commonest form of this unpredictable disease, is
characterized by symmetrical and bilateral white patches. Different clinical subtypes
have been described, including generalized, acrofacial, and universalis types, all with a
bilateral distribution. Segmental vitiligo is less common than non-segmental vitiligo and
usually has a unilateral distribution. Overall, progressive patchy loss of pigmentation
from skin, overlying hair, and sometimes mucosa remains the basis of diagnosis of
vitiligo (Ezzedine et al., 2015).
Histological examination and immunohistochemical studies with a large panel of
antibodies generally show an absence of melanocytes in lesional skin, although
sometimes an occasional melanocyte can be seen (Le Poole et al., 1993).
Various theories have been suggested for the cause of melanocyte loss in vitiligo; some
have proposed that vitiligo is a multifactorial disease, with both genetic and
environmental factors implicated in its initiation. The autoimmune or autoinflammatory
theory is the leading hypothesis for causation and is supported by strong evidence
(Ezzedine et al., 2015).

B. Excimer laser
Excimer laser in which “excimer” is a terminological reference of “excited dimer”,
composed of a noble gas and halide which repel each other, has turned into a prevalent
mode of action in confronting numerous skin disorders (Spencer et al., 2004). Of these
ultraviolet B rays which comprise beams of varied wavelengths, the 308nm xenonchloride is the most practical in dermatology (Spencer et al., 2004). The advantages of
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monochromatic excimer laser over phototherapies of other kinds have been depicted as
lower UV dose exposure, shorter course of therapy and for the most part, the possibility
of being directed at distinct sites of skin rather than compromising the adjacent normal
skin (Grema et al., 2004; Mavilia et al., 2008; Morita et al., 2008).
Medium doses of the 308-nm excimer laser has proved to be effective in the treatment
of limited vitiligo, however, the rate and speed of repigmentation is highly associated
with the site and duration of disease as the face and neck (UV sensitive areas) are the
highly respondent areas along with an earlier resolution of the lesions while the joints
and extremities (UV resistant areas) exhibit the slightest response to therapy (Wang et al.,
2009; Shen et al., 2007; Ostovari et al., 2004). Also, the shorter disease course is more
promising in the treatment results (Zhang et al., 2010). Additionally, trials have
demonstrated further efficacy of treatment in Fitzpatrick skin types other than I and II
(Hadi et al., 2004; Al-Otaibi et al., 2009). Combination therapy of the 308-nm excimer
laser and calcineurin inhibitors, topical tacrolimus in particular, is regarded to be more
beneficial than excimer laser alone (Goldinger et al., 2007).

C. Background and objective
308-nm xenon chloride excimer laser (EL) has been widely used in treating localized
vitiligo. The EL treatment is usually given two or three times weekly as long as ongoing
repigmentation is observed.
Vitiligo is a common depigmenting skin disorder affecting 1% of the population, and
profoundly impacts patients’ quality of life (Lee et al., 2015; Ezzedine et al., 2015; Bae
et al., 2018). The 308-nm excimer laser (EL) has been widely used in treating localized
vitiligo in a targeted way, preventing unnecessary UV irradiation of uninvolved skin
(Passeron et al., 2006). The EL treatment is usually given twice or thrice weekly with the
dose that make lesions pink erythema for 24 hours life (Hofer et al., 2005; Lim et al.,
2007). However, there is largely lack of evidence for the optimal dosimetry of EL
treatment for vitiligo yet (Sung et al., 2018).
The EL treatment is often associated with hyperpigmentation, prolonged erythema,
-2-

and rarely unintended burn (Bae et al., 2016). Recently, Chiu et al. demonstrated the
low-dose phototherapy not associated with erythema, could induce successful treatment
response in patients with vitiligo in their pilot study (Chiu et al., 2018). Low-dose
phototherapy would be associated with fewer unwanted adverse events. In the present
study, we conducted a randomized controlled trial to compare the efficacy and safety of
sub-erythema dose (SED) with the conventional erythema dose (ED) of EL treatment for
stable vitiligo.

-3-

MATERIALS AND METHODS
A. Study design and population
A randomized controlled, split-body, non-inferiority trial was performed between
April 2018 and December 2018. Adult patients aged 18 years or older with stable vitiligo
that was symmetrically distributed over their face and neck were recruited from our
clinics. All participants provided written informed consent. The stable vitiligo was
defined as the absence of new lesions and no increase in the size of existing lesions for 6
months prior to the enrollment. The exclusion criteria included the patients taking
systemic corticosteroids or immunosuppressants for last 4 weeks; having chemotherapy
or immunotherapy for last 4 weeks; having phototherapy including EL for last 4 weeks.
The two sides of the face or neck were randomly assigned to either SED or ED group of
EL treatment. This study was approved by the institutional review board of Ajou
university

hospital

(AJIRB-MED-OBS-17-369)

and

St.

Vincent’s

hospital

(VC17DEDI0209).

B. Intervention
The ED was defined as the dose to produce pinkish erythema lasting less than 24
hours, and the SED as the half of the ED. The 308-nm EL treatment was conducted twice
weekly on both sides for 3 months (EXL-440, Jetema, Seoul, Korea). Initial irradiation
dose was 50 mJ/cm2 and 100 mJ/cm2 on the face, and 100 mJ/cm2 and 200 mJ/cm2 on
the neck for SED and ED group, respectively (Lee et al., 2017). If there had not been
pinkish erythema lasting less than 24 hours after treatment in the ED side, the dose was
escalated by 25 and 50 mJ/cm2 in subsequent treatment session for SED and ED group,
respectively. Topical tacrolimus 0.1% ointment (LEO Pharma Inc, Ballerup, Denmark)
was applied twice daily in both groups for study period. Photographic documentation
was conducted at baseline (M0), and after 4 (M1), 8 (M2), and 12 weeks (M3, end of
study) using conventional DSLR and UV camera (Bae et al., 2017).
-4-

C. Treatment outcome
The primary outcome was degree of repigmentation (%) from baseline in each side,
and which was assessed using Vitiligo Extent Score for a Target Area (VESTA) by
blinded evaluators who did not know about the groups (Bae et al., 2019). The degree of
perilesional hyperpigmentation was assessed as 4 grades by blinded evaluators: ‘no’,
‘somewhat’, ‘obvious’, and ‘pronounced.’ The preference of patient between the two
treatments was asked as no preference, SED side, and ED side. For safety surveillance,
any adverse event such as prolonged erythema lasting 3 days, symptomatic erythema
(i.e., pain) and blistering was also monitored at every visit.

D. Statistical analysis
The mean differences and 95% confidence interval (95% CI) of the repigmentation
rate between the two groups were calculated; the non-inferiority margin was set as 10%.
Intention-to-treat (ITT) analyses using the last-observation-carried-forward principle
were the primary outcomes. Per-protocol (PP) analyses were also planned for the
supplementary. All statistical analyses were conducted using R 3.6.1 (R Foundation for
Statistical Computing, Austria).
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RESULTS
A. Study population
Total 12 patients (9 females and 3 males) were enrolled. The median age was 54.5year-old (range 14-72) and the median disease duration was 17 months (range 1-58). The
total number of paired vitiliginous lesions was 32 (16 pairs) and those were most
frequently located on face (43.75%), followed by trunk (18.75%) and extremities
(37.5%). Twenty-six patients were screened for inclusion: of these, 4 did not meet
inclusion criteria and 4 declined to participate. Eighteen patients (12 females and 6 males;
15 on the face and 3 on the neck) were enrolled and a total of 36 left or right sides of
them were randomly assigned to either SED-EL or ED-EL group (Figure 1). The median
age was 48 year old (range 21 – 71) and the median disease duration was 1 year (range
0.6 – 17). Among them, 11 (61.1%) had Fitzpatrick skin type III, and the other 7 (38.9%)
had type IV (Table 1).
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Figure 1. Flow diagram of the study
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Table 1. Demographics of the enrolled patients in this study
Variable
All patients
Age, median (range), y
Sex
Male
Female
Disease duration, median (range), y
Fitzpatric skin type
III
IV
Lesions
Face
Neck
Group
Sub-erythema dose
Erythema dose

No. (%)
18
48 (21-71)
6 (33.3)
12 (66.7)
1 (0.6-17.0)
11 (61.1)
7 (38.9)
15 (83.3)
3 (16.7)
18 (100)
18 (100)
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B. Treatment parameters

In total, all patients completed the 3-month study per protocol, and no patients
dropped out of the trial. The median maximum dose of EL was 150 mJ/cm2 (range
50 – 300) in the SED and 300 mJ/cm2 (range 100 – 600) in the ED groups. The
median total cumulative dose was 2,325 mJ/cm2 (range 1,000 – 6,450) and 4,650
mJ/cm2 (range 2,000 – 12,600), respectively. (Table 2)

Table 2. Treatment results
SED group

ED group

154 ± 55.1

308 ± 110.2

2593 ± 1397.8

5000 ± 2710.4

Degree of repigmentation, mean ± SD, %

86.1 ± 23.9

86.9 ± 23.0

75% or more repigmentation, n

15 (83.4%)

15 (83.4%)

100% repigmentation, n

6 (33.3%)

6 (33.3%)

Perilesional hyperpigmentation, n

0

8 (44.4 %)

Prolonged erythema lasting 3 days or pain

0

4 (22.2%)

6 (33.3 %)

1 (5.6 %)

Treatment parameter
Maximum dose, mean ± SD, mJ/cm2
Total cumulative dose, mean ± SD, mJ/cm2

Patient’s overall preference, n
* Repigmentation rate was assessed at 3 months

* Abbreviations: SED: sub-erythema dose, ED: conventional erythema dose, -: no
preference, SD, standard deviation; CI, confidence interval
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C. Degree of repigmentation
The degree of repigmentation was 86.1% ± 23.9% in the SED group and 86.9% ± 23.0%
in the ED group. The mean difference between the two groups was -0.8% (95%
confidence interval, -1.9% to 0.2%), which was less than the noninferiority margin. In
both group, 15 (83.4%) of the patients achieved 75% or more repigmentation,
respectively; 6 (33.3%) showed 100% repigmentation (Figure 2,3,4 and 5).

Figure 2. Repigmentation of vitiligo after sub-erythema dose and conventional
erythema dose of excimer laser treatment. Patients 17 had vitiligo on the face before
treatment and showed repigmentation rate of 96.5% in SED-EL treatment and 97% in
ED-EL treatment at the end of the 3-month trial (a and d). Patient 4 had vitiliginous
patches on the face symmetrically and showed repigmentation rate of 98 % in SED-EL
treatment and 98 % in ED-EL treatment at the end of the trial (b and e).
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Figure 3. Rate of repigmentation in monthly taken photo. Patient 18 showed that rate
of repigmentation was not different between SED-EL treatment and- ED-EL treatment
side.
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Figure 4. Repigmentation rate using conventional DSLR and UV camera.
Patients 18 had vitiligo on the forehead before treatment and showed repigmentation rate
of 96.5% in SED-EL treatment and 97% in ED-EL treatment at the end of the 3-month
trial.
Patient 16 had vitiliginous patches on the upper eyelid symmetrically and showed
repigmentation rate of 90 % in SED-EL treatment and 92 % in ED-EL treatment at the
end of the trial
- 12 -

Figure 5. Less repigmentated case. Patient 13 on the nape showed repigmentation rate
of 45.7% in SED-EL treatment and 46.8% in ED-EL treatment at the end of the 3-month
trial. It showed similar amount of change between the two lesions.
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D. Perilesional Hyperpigmentation
In the ED group, 8 (44.4%) showed obvious or pronounced perilesional
hyperpigmentation, whereas no one showed in the SED group (Figure 6).

Figure 6. Perilesional Hyperpigmentation. Prolonged painful erythema and
hyperpigmentation was observed in ED-EL treatment site in patient 5 and 14,
respectively.
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E. Preference of Patients
For the preference of each group, 6 (33.3%) preferred the SED side, 1 (5.6 %) ED, and
remaining 11 (61.1%) no preference.

F. Adverse Events
All patients had no serious adverse event to stop the treatment in both groups. Four
patients (22.2%) complained of prolonged erythema lasting 3 days or pain on the ED
side at least once during the 3-month period, but not on the SED side.
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DISCUSSION
According to a recent recommendation of narrowband UV-B (NB-UVB) phototherapy
for vitiligo, the desired response to phototherapy is pink asymptomatic erythema lasting
<24 hours (Mohammad et al., 2017). Because there have not been much studies for EL
treatment of vitiligo, the basic principles of NB-UVB phototherapy are largely followed.
However, several adverse events such as perilesional hyperpigmentation, blistering, and
skin hypersensitivity are often problematic, especially on the face and neck.
In the present study, we demonstrated that SED-EL treatment is as effective as ED-EL
treatment for achieving repigmentation of stable vitiligo. After the treatment was
completed, 33.3% preferred SED-EL over ED-EL treatment, while 5.6% preferred EDEL treatment. The remaining 61.1% claimed no preference, probably because the
treatment response did not differ from each other. Among the 18 patients, 44.4%
complained of perilesional hyperpigmentation on the ED side, while none on the SED
side. In addition, adverse events such as prolonged erythema lasting 3 days or pain were
observed only on the ED side as well. The higher patients’ preference for SED-EL
treatment may be due to better cosmetic results, i.e., less hyperpigmentation, and fewer
adverse events.
Although the mechanism of action of EL treatment in vitiligo is not yet fully
understood yet, a dual mechanism of action would be proposed in the treatment of
vitiligo: cutaneous immunosuppression and repigmentation induction. In studies of
patients

with

psoriasis,

supra-erythemogenic

dose

EL

treatment

showed

immunosuppressive effects through apoptosis of T-cells, which is expected to inhibit
autoreactive T cells in patients with vitiligo (Levin et al., 2015; Gattu et al., 2010).
Meanwhile, stimulation of melanoblast migration and melanocyte proliferation would be
the major effect of UVB for repigmentation in stable vitiligo. This bio-stimulatory
dosage of UVB might differ from the conventional UVB dosage that makes erythema in
the skin. This suggests that the cytokines responsible for vasodilation in the skin (i.e.,
- 16 -

erythema response) would differ from those responsible for melanocyte induction, and
the latter may be induced with a lower dose of EL treatment.
Our findings are in line with recent reports using Janus kinase (JAK) inhibitors in
patients with vitiligo. Rothstein et al. described topical ruxolitinib 1.5% cream provided
significant repigmentation only in facial vitiligo, not in truncal lesions in their open-label
study (Rothstein et al., 2017). Liu et al. also reported some reversals of vitiligo only in
sun-exposed areas in patients receiving both oral tofacitib (5 to 10 mg daily or twice
daily) and sunlight exposure or low-dose NB-UVB phototherapy (360 – 500 mJ/cm2)
(Liu et al., 2017). They suggested that natural sunlight would be sufficient to induce
repigmentation in patients with vitiligo, when autoimmune response was inhibited by the
JAK inhibitors. Our findings were also consistent with the pilot study by Chiu et al.,
which showed that stable vitiligo could be successfully treated with low-dose NB-UVB
phototherapy or excimer light therapy: the medians of maximum dose were 245 mJ/cm2
(range: 210 – 420 mJ/cm2) and 325 mJ/cm2 (range: 300 – 400 mJ/cm2), respectively
(Chiu et al., 2018). For stable vitiligo that do not require immunosuppression
exogenously, SED-EL treatment would be sufficient to induce repigmentation in vitiligo
patches.
Low-dose EL treatment may have additional benefits to avoid the chronic phototoxic
changes of the skin in long-term high-dose EL treatment. Repetitive high-dose UV
irradiation thickens the stratum corneum through photoadaptation, increasing the
minimal erythema dose of UV, and consequently leading a higher dose of EL treatment
(Rivard et al., 2007; Shin et al., 2016). Furthermore, some physicians often raise the dose
when expected results are not observed, resulting in a hardened dermis due to repeated
burns. However, we found that SED-EL treatment could achieved the equivalent
therapeutic outcomes with half of the cumulative dose of conventional ED-EL treatment.
The present study has some limitations. First, the sample population was small.
Second, the split-body study hardly excluded the paracrine effects. Third, treatment was
performed only on the face and neck areas which normally shows better prognosis than
- 17 -

other areas. However, the treatment response was comparable in three months, because
the face and neck areas were targeted. Further research will be needed for other body
parts. Fourth, as we used tacrolimus ointment for both groups, our result may not reflect
the effect of EL solely. But, the use of tacrolimus ointment better reflects real clinical
practice. Lastly, we did not provide a practical protocol for determining the appropriate
SED when the clinical indicator of erythema is not available. Nevertheless, we first
revealed that stable vitiligo can be treated without the erythema response by a
randomized controlled trial.
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CONCLUSION
We demonstrated the SED-EL treatment would be sufficient for achieving
repigmentation in stable vitiligo in the randomized clinical trial. Our findings suggested
that low-dose EL treatment could induce repigmentation probably by stimulating
melanocyte migration and melanoblast differentiation in patients with stable vitiligo. We
do not oppose the existing ED-EL treatment protocol, but our findings would add new
perspectives to clinicians in treating a diversity of vitiligo patients. More controlled trials
are needed to find optimal dosimetry of EL treatment for vitiligo.
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- 국문요약 -

백반증 환자에서 엑시머 레이저 치료의 저용량과 홍반용량의
치료 효과 비교 연구
아주대학교 대학원 의학과
권 수 현
(지도교수: 강 희 영)

연구배경: 국한된 백반증의 치료에는 엑시머 레이저를 이용한 치료가 가장 흔히
사용되고 있다. 그러나 엑시머 레이저 치료의 적절한 용량에 대한 증거는 아직
불충분하다.
연구목적: 따라서 본 연구에서는 백반증 환자의 치료에서 엑시머 레이저를 홍반
용량을 사용하는 기존의 치료 방법과, 저용량의 치료 효과를 비교해 보고자 하였
다.
연구방법: 연구는 분할 신체(Split body) 무작위 대조 시험으로, 18명의 얼굴과
목에 대칭적 분포를 보이는 백반증을 가진 환자들이 포함되었다. 연구에 포함된
병변은 총 36개(18쌍)으로 각 쌍의 병변들은 홍반용량과 저용량으로 무작위화
되어 배정되었다. 총 치료기간은 3개월로 주 2회 엑시머 레이저 치료를 시행하
며, 홍반용량은 24시간동안 분홍빛의 홍반이 유지되는 용량으로 정하였고 저용
량은 홍반용량의 반으로 정의하였다. 양측 치료군 모두에서 타크로리무스 국소
제제를 동일하게 사용하였다. 치료 효과는, 치료 시작 전 사진과 치료 완료 후
사진을 비교하여 색소 재침착률(%)로 평가하였다.
연구결과: 홍반용량의 평균 색소 재침착률은 86.9%, 저용량의 평균 색소 재침착
률은 86.1% 이었으며 두 그룹 사이의 색소 재침착률의 평균차이는 0.8%로 연
구자들이 정한 비열등성 경계(Non-inferiority margin)인 10% 보다 낮았다.
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결론: 저용량 엑시머 레이저는 백반증 치료에 있어서 충분히 효과가 있으며 안전
한 용량으로 백반증 환자들을 치료하는 새로운 치료법으로 적용될 수 있을 것이
다.

핵심어: 백반증, 엑시머 레이저, 홍반용량, 저용량
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