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Background: Vitiligo is a common acquired depigmenting disorder in pediatric dermatology. Facial and cervical involvement is
particularly distressing due to cosmetic disfigurement, leading to psychosocial impairment in children and significant psychological
burden for parents. Safe and effective treatment strategies to halt disease progression and promote repigmentation are urgently needed.
Objective: To evaluate the clinical efficacy, onset of repigmentation, safety, and repigmentation patterns of 308-nm excimer laser
combined with oral compound glycyrrhizin and topical 0.03% tacrolimus in children with facial and cervical vitiligo.

Methods: A total of 112 pediatric patients were randomized into two groups: treatment group (n=56, 86 lesions) received oral
compound glycyrrhizin, topical 0.03% tacrolimus, plus 308-nm excimer laser twice weekly for 16 weeks; control group (n=56, 78
lesions) received compound glycyrrhizin and tacrolimus only. Clinical efficacy, time to initial repigmentation, adverse events, and
repigmentation patterns (marginal, follicular, mixed) were assessed.

Results: The overall efficacy rate was significantly higher in the treatment group (89.53%) than in controls (70.51%) (p<0.05). Initial
repigmentation occurred earlier in the treatment group (face: 3.12+0.45 weeks; neck: 3.7440.44 weeks) compared with controls (face:
4.08+0.50 weeks; neck: 4.54+0.51 weeks, both p<0.05). Adverse events were rare (3.57%) and self-limited. Repigmentation patterns
differed: treatment lesions showed predominantly mixed repigmentation (65.12%), whereas controls were mainly follicular (57.69%).
Conclusion: Combination therapy with 308-nm excimer laser, compound glycyrrhizin, and 0.03% tacrolimus is safe and effective for
pediatric facial and cervical vitiligo, providing faster repigmentation, higher efficacy, and distinct repigmentation patterns compared
with medical therapy alone.
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Introduction

Vitiligo is a chronic acquired depigmenting disorder that affects the skin and mucosa, characterized by progressive loss of
functional melanocytes and consequent development of depigmented macules. Epidemiological investigations in China
have shown a prevalence of approximately 0.56%, highlighting the significant disease burden in the general population.'
Notably, one-third to one-half of patients develop vitiligo during childhood, and global studies have reported that about
25% of cases have onset before the age of 14.% Facial and cervical involvement is particularly distressing in pediatric
patients, given the high visibility of lesions. Such cosmetic disfigurement often results in psychosocial impairment,
including social withdrawal, low self-esteem, and anxiety, and also imposes a considerable psychological burden on
parents and caregivers.

Although multiple therapeutic modalities are available—including narrowband UVB phototherapy, excimer light/
laser therapy, topical corticosteroids, calcineurin inhibitors, and systemic immunomodulators—the optimal regimen for
children remains challenging because of safety concerns, limited tolerance, and the risk of long-term side effects. In
recent years, the 308-nm excimer laser, a targeted UVB phototherapy, has emerged as an effective and well-tolerated
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treatment option. Several clinical trials and pediatric cohort studies have demonstrated that excimer laser therapy can
achieve rapid repigmentation and durable responses, especially when combined with topical tacrolimus, compared to
monotherapy alone.>* Topical tacrolimus, as a calcineurin inhibitor, offers the advantage of local immunomodulation
without the adverse effects of topical corticosteroids, making it particularly suitable for use in children.’ In addition, oral
compound glycyrrhizin, widely used in some regions of Asia, has been reported to exert immunoregulatory and anti-
inflammatory effects, thereby stabilizing disease activity and preventing further progression. Its favorable safety profile
makes it a rational adjunctive therapy in pediatric vitiligo management.

Taken together, these findings support the potential benefits of multimodal combination therapy in pediatric vitiligo,
particularly for lesions on the face and neck, which are cosmetically sensitive areas. The present study therefore
summarizes a clinical observation involving 112 pediatric patients with facial and cervical vitiligo, and systematically
compares the efficacy, safety, onset of repigmentation, and repigmentation patterns between combination therapy with
308-nm excimer laser, oral compound glycyrrhizin, and topical tacrolimus, versus medical therapy alone.

Methods
Study Design and Participants

This study was conducted in the Department of Dermatology, Children’s Hospital of Soochow University; patient records
were collected between July 2024 and May 2025. A total of 112 children with clinically diagnosed vitiligo affecting the
face and/or neck were enrolled. All patients were randomized by a simple randomization method into a treatment group
(56 patients, 86 lesions) or a control group (56 patients, 78 lesions).

Eligible patients were required to meet the diagnostic criteria for vitiligo and to have received no prior treatment
before enrollment. Patients were excluded if they had poor compliance that prevented treatment, known photosensitivity
or coexisting photosensitive disorders, or severe impairment of cardiac, hepatic, or renal function.

The study was approved by the Ethics Committee of the Children’s Hospital of Soochow University (Approval
No. 2024C5098). Written informed consent was obtained from the parents or legal guardians of all participants.

Interventions

Patients in the control group were treated with oral compound glycyrrhizin tablets (25 mg per dose, three times daily) in
combination with topical tacrolimus 0.03% ointment applied twice daily to the lesions. The treatment group received the
same regimen in addition to 308-nm excimer laser therapy (Alma, Israel), which was performed twice weekly at
approximately three-day intervals for 16 consecutive weeks.

Prior to laser treatment, the minimal erythema dose (MED) was determined for each patient. The initial irradiation
dose was set at 0.5 x MED, with a maximum safe dose of 3 J/cm? for the face and neck. Dose adjustments were based on
the duration of post-irradiation erythema: if erythema lasted for 24—48 hours, the same dose was maintained; if erythema
resolved within 24 hours, the dose was increased by 15-20%; and if erythema persisted for more than 48 hours, the dose
was reduced by 15-20%. The area surrounding each lesion was covered with custom-made black cloth shields to avoid
unnecessary exposure of unaffected skin.

Outcomes
The primary outcome was clinical efficacy, which was evaluated after 16 weeks of treatment. Efficacy was classified as
follows: cure, defined as complete disappearance of depigmentation with restoration of normal skin color; marked
improvement, defined as repigmentation covering at least 50% of the lesion; improvement, defined as repigmentation
covering 10-49% of the lesion; and no response, defined as less than 10% repigmentation or enlargement of the lesion.®’
The overall efficacy rate was calculated as the proportion of cured and markedly improved lesions among the total.
Secondary outcomes included the time to initial repigmentation, the incidence of adverse events, and the pattern of
repigmentation. The time to initial repigmentation was defined as the interval from the start of treatment to the first
visible return of pigment on the face or neck. Adverse events, such as burning sensation, erythema, blistering, secondary
infection, or folliculitis, were recorded throughout treatment. Repigmentation patterns were classified using standardized
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digital photographs as marginal, follicular, or mixed. In this study, lesions previously described as showing “central”
repigmentation were reclassified as follicular repigmentation, referring to pigment islands arising within the lesion and
consistent with perifollicular repigmentation.

Statistical Analysis

All statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
were expressed as mean + standard deviation (SD) and compared between groups using independent-sample t-tests.
Categorical variables were presented as frequencies and percentages and analyzed using y’-tests. A p-value <0.05 was
considered to indicate statistical significance.

Results

Baseline characteristics

A total of 112 children with facial and cervical vitiligo were enrolled, including 56 patients (86 lesions) in the treatment
group and 56 patients (78 lesions) in the control group. The mean age was 6.20 + 0.95 years (range, 4-8 years) in the
treatment group and 6.45 & 1.05 years (range, 3-9 years) in the control group. The mean disease duration was 3.80 + 2.40
months in the treatment group and 3.65 + 2.70 months in the control group. There were no significant differences
between the two groups in age, sex distribution, disease duration, number of lesions per patient, lesion location,
Fitzpatrick skin phototype, clinical subtype, or family history of vitiligo (all p > 0.05). These findings confirmed that
the baseline characteristics were well balanced and comparable between groups (Table 1).

Clinical Efficacy

After 16 weeks of treatment, the overall efficacy rate in the treatment group was significantly higher than that in the
control group. Among 86 lesions in the treatment group, 38 (44.19%) achieved complete repigmentation, 39 (45.35%)
showed marked improvement, 7 (8.14%) showed partial improvement, and 2 (2.33%) showed no response, yielding an
overall efficacy of 89.53%. In comparison, the control group (78 lesions) showed cure in 17 lesions (21.79%), marked
improvement in 38 (48.72%), improvement in 17 (21.79%), and no response in 6 (7.69%), with an overall efficacy of
70.51%. The between-group difference was statistically significant (overall 4x2 distribution: p=0.0031; overall efficacy
comparison: p=0.0021) (Table 2). A representative case from the combination-therapy group showing progressive

Table | Baseline Demographic and Clinical Characteristics of Patients

Characteristic Treatment Group (n=56) Control Group (n=56) p-value
Age, years (mean * SD, range) 6.20 = 0.95 (4-8) 6.45 = 1.05 (3-9) 0.48
Sex, male/female, n (%) 30 (53.6) / 26 (46.4) 28 (50.0) / 28 (50.0) 0.72
Disease duration, months (mean + SD) 3.80 + 2.40 3.65+270 0.77
Lesions per patient (mean * SD) 1.54 + 0.65 1.39 £ 0.58 0.29
Total number of lesions 86 78 -
Lesion distribution, n (%) Face: 58 (67.4) / Neck: 28 (32.6) | Face: 49 (62.8) / Neck: 29 (37.2) | 0.53
Skin phototype (Fitzpatrick II/1Il/IV), n 5/40/ 11 6/38/12 0.91
Clinical subtype (segmental/non-segmental), n | 12/ 44 10/ 46 0.65
Family history of vitiligo, n (%) 7 (12.5) 8 (14.3) 0.61

Table 2 Clinical Efficacy After 16 weeks of Treatment

Group Total lesions | Cure n (%) | Marked Improvement | No Response | Overall Efficacy % | p-value
Improvement n (%) | n (%) n (%)
Treatment | 86 38 (44.19) 39 (45.35) 7 (8.14) 2 (2.33) 89.53 0.0031
Control 78 17 (21.79) 38 (48.72) 17 (21.79) 6 (7.69) 7051
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Figure | Representative case from the treatment group: vitiligo of the lower lip and chin. (A) Before treatment; (B) after 4 weeks; (C) after 8 weeks; (D) after 12 weeks;
(E) after 16 weeks of combination therapy. Progressive repigmentation is observed with a predominance of the mixed repigmentation pattern.

repigmentation over 16 weeks, with a predominantly mixed repigmentation pattern on the lower lip and chin, is shown in
Figure 1.

Time to Initial Repigmentation

The onset of repigmentation was earlier in the treatment group than in the control group. In the treatment group, initial
repigmentation occurred at 3.12 + 0.45 weeks for facial lesions and 3.74 + 0.44 weeks for cervical lesions, whereas in the
control group the corresponding times were 4.08 + 0.50 weeks and 4.54 + 0.51 weeks, respectively. Both site-specific
comparisons demonstrated statistically significant differences (p<0.001) (Table 3). A representative forehead lesion
demonstrating marginal repigmentation beginning at the lesion borders during combination therapy is presented in
Figure 2.

Adverse Events

Adverse events were infrequent and mild. Two patients (3.57%) in the treatment group developed localized erythema
with fine scaling, which resolved spontanecously after suspending laser therapy for two weeks. No cases of blistering,
secondary infection, or systemic adverse effects occurred. The incidence of adverse events did not differ significantly
between groups (p>0.05).

Repigmentation Patterns

Repigmentation patterns differed significantly between groups. In the treatment group, mixed repigmentation predomi-
nated, accounting for 56 of 86 lesions (65.12%), followed by marginal (20.93%) and follicular (13.95%) patterns. In
contrast, lesions in the control group most frequently exhibited follicular repigmentation (57.69%), followed by mixed
(23.08%) and marginal (19.23%) patterns. The overall distribution difference between the two groups was highly
significant (p=4.17 x 10~°) (Table 4). A representative cheek lesion exhibiting a mixed repigmentation pattern with
pigment islands appearing both centrally and peripherally is illustrated in Figure 3.

Table 3 Time to Initial Repigmentation (weeks, Mean + SD)

Group Face (Weeks) | Neck (Weeks) | p-value

Treatment | 3.12 £ 0.45 3.74 £ 0.44 <0.001 (both sites)
Control 4.08 + 0.15 4.54 + 0.31

4 https: Clinical, Cosmetic and Investigational Dermatology 2026:19



Qian et al

Figure 2 Representative case from the treatment group: vitiligo of the forehead. (A) Before treatment; (B) after 4 weeks; (C) after 8 weeks; (D) after 12 weeks; (E) after
16 weeks of combination therapy. Repigmentation begins at the lesion margins, showing a marginal repigmentation pattern.

Discussion

This randomized clinical observation indicates that adding 308-nm excimer laser to oral compound glycyrrhizin and
topical 0.03% tacrolimus improves outcomes for pediatric facial and cervical vitiligo, yielding higher overall efficacy and
earlier onset of repigmentation than medical therapy alone. Our findings are consistent with prior pediatric and mixed-age
cohorts and trials. In children, topical therapy combined with 308-nm excimer showed superior responses versus excimer
monotherapy.®> A recent pediatric randomized controlled trial likewise demonstrated that 308-nm excimer lamp plus
tacrolimus outperformed tacrolimus alone for limited vitiligo.* Open-label data in segmental vitiligo further support the
safety and benefit of combining monochromatic excimer light with topical tacrolimus.” Earlier pediatric series confirmed
favorable tolerability and efficacy of the 308-nm excimer laser in children.® Mechanistic and clinical synergy between
topical tacrolimus and 308-nm excimer was shown in a controlled adult study.” Variable-analysis work identified

1.1 and a focused review summarized dosing,

treatment parameters and patient-site factors that influence laser response,
scheduling, and safety considerations for monochromatic excimer devices in vitiligo.'?

Anatomical site remains a major determinant of therapeutic response. UV-sensitive sites such as the face and neck
generally repigment faster than acral areas, a pattern also noted in prior excimer cohorts and dosing-frequency
studies.'®!'?™'> Mechanistically, predominant mixed (perifollicular + marginal) repigmentation in the combination arm
plausibly reflects activation of both follicular melanocyte reservoirs and perilesional melanocytes. Classic and contem-
porary work supports the concept that hair-follicle melanocyte (stem/precursor) pools drive perifollicular repigmentation
and, together with border spread, account for the clinical patterns observed during UV-based therapies.'®

Multiple, non-exclusive biological effects likely underlie the superiority of the combined regimen. Narrowband/
monochromatic UVB induces apoptosis of skin-infiltrating T cells and reshapes the cutaneous immune milieu, dampen-
ing the autoimmune attack on melanocytes.'” UV exposure also increases keratinocyte-derived endothelin-1, a potent
melanogenic and melanocyte-migratory factor, thereby promoting melanocyte proliferation and dendricity within vitili-
ginous skin.'"®'" Topical tacrolimus, by inhibiting calcineurin-dependent T-cell activation locally, complements these
effects and has shown clinical synergy with 308-nm excimer in controlled and uncontrolled studies.”’ In parallel,
compound glycyrrhizin—used as an immunomodulator in parts of Asia—has been associated with improved repigmen-
tation when combined with UV-based regimens and exhibits a favorable pediatric safety profile, providing a rationale for

its inclusion in a child-friendly, steroid-sparing protocol.>°

Table 4 Repigmentation Patterns After Treatment

Group Marginal n (%) | Central n (%) | Mixed n (%) | p-value
Treatment | 18 (20.93) 12 (13.95) 56 (65.12) 417 x 107°
Control 15 (19.23) 45 (57.69) 18 (23.08)
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Figure 3 Representative case from the treatment group: vitiligo of the left cheek. (A) Before treatment; (B) after 4 weeks; (C) after 8 weeks; (D) after 12 weeks; (E) after
16 weeks of combination therapy. Pigment islands appear within the lesion and at the margins, consistent with a mixed repigmentation pattern.

Safety in our study was excellent, with only transient, self-limited erythema and scaling in a small minority of
patients undergoing laser therapy. This aligns with pediatric excimer series and broader reviews of monochromatic
excimer light that report low rates of short-term adverse events and no signal for systemic toxicity when appropriately
dosed and shielded.®'""'? Practical aspects (MED-based dosing, facial/neck dose ceilings, and twice-weekly scheduling)
follow published experience on parameter selection and treatment frequency for optimizing efficacy while minimizing
irritancy.'*"?

Finally, durability deserves emphasis. Even after successful repigmentation, relapse is common without maintenance;
estimates around 30—40% within the first year have been reported, and twice-weekly tacrolimus maintenance has shown
promise in reducing early recurrence.”’ Although our trial was limited to 16 weeks and not designed to assess long-term
maintenance, these data support counseling families about recurrence risk and considering steroid-sparing maintenance
strategies once repigmentation is achieved.

This study has some limitations. It was a single-center study with a relatively short duration of 16 weeks, and longer
follow-up is required to assess the durability of repigmentation and the risk of relapse. In addition, simple randomization
without blinding may introduce some degree of observer bias, despite the use of standardized photographic documenta-

tion. Future multicenter studies with longer observation periods and blinded assessments are warranted.

Conclusions

The combination of 308-nm excimer laser, oral compound glycyrrhizin, and topical 0.03% tacrolimus is a safe and
effective treatment option for pediatric facial and cervical vitiligo. This regimen not only improves overall efficacy and
accelerates the onset of repigmentation but also induces a characteristic mixed repigmentation pattern. Given its
favorable safety profile and cosmetic benefits in sensitive areas, this combination therapy represents a valuable approach
for children with vitiligo.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding authors, Siyuan Song and Ting
Zhang, upon reasonable request.

Ethics Statement

This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
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