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ABSTRACT

Objective:  This study aims to assess the efficacy and safety of combining the 308-nm Excimer lamp 
with Tacrolimus 0.1% ointment, compared to Tacrolimus 0.1% ointment monotherapy, for treating 
pediatric vitiligo involving less than 10% of the body surface area.
Methods: Fifty pediatric patients with vitiligo were randomly assigned to two groups. Group A received 
Tacrolimus 0.1% ointment twice daily and Excimer light at 308-nm twice weekly, while Group B received 
Tacrolimus 0.1% ointment alone, administered twice daily. Repigmentation percentages were evaluated 
after 30, 90, and 180 days using the rule of nine.
Results:  Group A exhibited a significant improvement in repigmentation, increasing from 10% after 
one month to 65% after six months. In contrast, Group B observed an increase from 10% to 30% over 
the same timeframe. The efficacy of the treatment was significantly higher in Group A at both the 
3-month and 6-month follow-up points (p-value < .001). Moreover, Group A achieved notably higher 
repigmentation rates in the face, trunk, and lower limbs.
Conclusion:  The combination of Tacrolimus and the 308-nm excimer lamp yielded superior 
repigmentation results compared to Tacrolimus monotherapy in pediatric vitiligo patients. This 
combined approach may offer an effective new treatment protocol for pediatric vitiligo.
Clinical trial registration: The study is registered at clinicaltrials.gov under the identifier NCT06035614

Introduction

Vitiligo is an acquired skin condition caused by the absence of 

active melanocytes, resulting in white macules or patches appear-

ing on the skin and mucous membranes (1–2). This disorder is esti-

mated to affect between 0.5 and 2% of the global population 

(1–2), with nearly half experiencing its symptoms before the age of 

20. This statistic underscores vitiligo’s significant presence within 

pediatric dermatology (2–4). Pediatric vitiligo is relatively prevalent 

among girls and frequently exhibits an increased segmental pre-

sentation (1). However, the condition’s impacts are not solely phys-

ical; it also extends into the psychological realm, often causing 

severe psychosocial distress among both children and adults (1,3,5).

The pathogenesis of vitiligo is largely hypothesized to be auto-

immune, with lymphocytes targeting melanocytes (2). Given these 

immune abnormalities, treatments utilizing immunomodulatory 

agents, like Tacrolimus, have garnered attention (6–7). Initially 

developed for atopic dermatitis, Tacrolimus ointment works by 

inhibiting the production of proinflammatory cytokines (8–9). Its 

topical application has shown promise in repigmenting areas 

affected by vitiligo (10–11).

Phototherapy has become a crucial treatment modality for vit-

iligo. In contrast to oral corticosteroids and cytotoxic drugs—which 

raise concerns due to their side effects—phototherapy is a 

relatively safer alternative, particularly for pediatric patients (4). 

The two primary forms of phototherapy are psoralen-UVA (PUVA) 

and narrowband UVB. PUVA requires the application of a photo-

sensitizing agent followed by UVA exposure, necessitating protec-

tive eyewear and frequent treatment sessions, making it less 

suitable for children (12).

On the other hand, narrowband UVB therapy has demonstrated 

safety and efficacy in treating children with generalized vitiligo. It 

delivers specific wavelengths beneficial for vitiligo treatment while 

reducing the potential side effects associated with broad-spectrum 

UVB. However, the long-term safety profile of narrowband UVB 

continues to be studied (12). The monochromatic excimer lamp 

(MEL) and 308-nm excimer laser represent significant advance-

ments in phototherapy, delivering concentrated UVB doses to 

affected skin while sparing healthy tissue (13–14). When combined 

with agents like topical steroids or calcineurin inhibitors, these 

technologies have improved treatment outcomes, especially for 

refractory segmental vitiligo (15–17).

With fewer side effects and less discomfort for patients, these 

advanced phototherapies are becoming potential gold standards 

for pediatric vitiligo treatment (13–14). Nonetheless, there is a 

paucity of studies examining the combined use of Tacrolimus and 

the 308-nm excimer lamp in pediatric vitiligo patients with less 

than 10% body surface area affected. Our study seeks to address 
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this gap by assessing the efficacy and safety of combining the 

308-nm excimer lamp with Tacrolimus, comparing its outcomes 

with those of Tacrolimus monotherapy. This dual approach, if suc-

cessful, could substantially enhance treatment protocols, providing 

hope for both pediatric and adult patients alike.

Materials and methods

Participants and settings

Participants included patients who visited the dermatology outpa-

tient clinics at King Abdullah University Hospital in Irbid, Jordan, 

between October 2022 and September 2023. We recruited 50 chil-

dren, ranging in age from 5 to 17 years, who exhibited non- 

segmental either generalized or localized vitiligo that affected less 

than 10% of their body surface area (BSA). All participants under-

went a six-week wash-out period before enrollment. Exclusion cri-

teria included diagnoses of Lupus erythematosus, skin dermatoses 

with the Kobner phenomenon, photosensitivity, skin cancer, or 

possession of a pacemaker. Both patients and their parents or 

legal guardians received information about the study’s purpose, 

confidentiality assurance, and their right to withdraw at any time.

Study design and procedure

In this randomized clinical trial, we allocated patients into two 

treatment groups of 25 each. Upon consent and assent providing, 

randomization was used to assign the patients into the treatment 

groups. Group A received Tacrolimus 0.1% ointment twice daily 

and excimer light (308-nm) therapy twice weekly. Excimer light 

starting doses ranged from 50 mJ/cm2 to 400 mJ/cm2, depending 

on the body site. Post-treatment erythema guided adjustments of 

subsequent doses as follows:

• An additional 50 mJ/cm2 for the next session if erythema 

was absent or lasted under 24 hours.

• No modification to the next session dose if erythema per-

sisted between 24 and 48 hours.

• A deduction of 50 mJ/cm2 from the next session if ery-

thema lasted between 48 and 72 hours.

• If erythema exceeded 72 hours, or if patients experienced 

pain and blisters, we postponed the following session until 

reactions subsided with topical steroids’ assistance. In this 

situation, the subsequent dose was reduced by 50–100 mJ/

cm2.

Group B applied Tacrolimus 0.1% ointment alone, twice daily. 

Scheduled follow-up visits occurred on days 30, 90, and 180 

post-therapy initiation for efficacy assessment via repigmentation 

area percentage. Using the rule of nines (each arm 9%, chest 9%, 

stomach 9%, upper back 9%, lower back 9%, each leg 18%, head 

and neck 9%, and genitalia 1%), two investigators independently 

estimated the improvement percentage per body site in all 

patients from the baseline BSA. The overall improvement in repig-

mentation percentage was then calculated as the average percent-

age of improvement across all body sites.

We classified levels of improvement into five categories based 

on repigmentation percentages: excellent (76%–100%), moderate 

(51%–75%), mild (26%–50%), minimal (1%–25%), or no response. 

Serial photographs of vitiligo lesions were taken at baseline and 

after treatment, documenting any side effects to treatments.

Statistical analysis

For categorical data, including participants’ demographic and clin-

ical characteristics, chi-square tests and percentages were utilized. 

Medians and interquartile ranges (IQR) were employed for quanti-

tative variables. Analysis was conducted using SPSS version 25.0 

(IBM Corp, Armonk, NY, USA), with a significance level set at 5%.

Ethical considerations

The Institutional Review Board (IRB) of Jordan University of Science 

and Technology approved the study (42/152/2022). All parents or 

legal guardians provided informed consent for their children’s par-

ticipation, with confidentiality assured. The study is registered at 

clinicaltrials.gov under the identifier NCT06035614.

Results

In this randomized clinical trial, both treatment groups A and B 

consisted of 25 patients each. Group A had 56% female patients, 

while group B had 60%. The ages of the participants ranged from 

5 to 17 years, with a median age of 12 years (IQR= 9–15 yrs) for 

group A and 14 years (IQR = 10–16 yrs) for group B. No statistically 

significant differences were observed in terms of gender, age, fam-

ily history, or side effects across both treatment groups (Table 1).

In the combined Tacrolimus 0.1% and 308-nm excimer light 

group (group A), the repigmentation percentage improved from 

10% (IQR= 10–27.5%) after 1 month to 65% (IQR= 40–75%) after 

6 months (Figure 1).

In contrast, in the Tacrolimus 0.1% monotherapy group (group 

B), the repigmentation percentage rose from 10% (IQR= 5–12.5%) 

after 1 month to 30% (IQR= 21.6–40%) after 6 months. Both treat-

ment groups exhibited significant improvements, with a p-value of 

<.001. The efficacy (measured by repigmentation percentage) 

between the groups did not differ significantly after 1 month 

(p-value = .087). However, group A showed higher efficacy in sub-

sequent follow-ups. By the third month, participants in group A 

reported a median repigmentation percentage of 40% (IQR = 

Table 1. Demographics and clinical characteristics of the patients.

treatment

tacrolimus 0.1% and 
excimer light 308-nm 

(group a)
tacrolimus 0.1% alone 

(group B)

Variable N Percent N Percent Sig

gender 0.774
 male 11 44% 10 40%
 female 14 56% 15 60%
age 0.145
 < 12 years 12 48% 7 28%
 ≥ 12 years 13 52% 18 72%
Side effects 0.11
 no 21 84% 25 100%
 Yes 4 16% 0 0%
Vitiligo type 0.382
 general 17 68% 14 56%
  local 8 32% 11 44%
family history 0.417
 no 23 92% 20 80.00%
 Yes 2 8% 5 20.00%
Duration since 

diagnosis
0.189

 ≤ 1 year 1 4% 5 20%
 > 1 year 24 96% 20 80%
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26.1–55%), while group B reported 15% (IQR = 40–75%). By the 

sixth month, these values were 65% (IQR = 40–75%) for group A 

and 30% (IQR = 21.6–40%) for group B. These differences were sta-

tistically significant, with a p-value <.001 at both the three- and 

six-month marks (Table 2).

When categorizing responses by improvement percentages, 

excellent responses were seen in 4% and 21.7% of group A 

patients after three and six months, respectively (Figures 1 and 2).

Group B did not report any excellent responses. Moderate 

responses were observed in 24% and 34.8% of group A patients 

compared to 8% and 13% in group B at the same time points 

(Table 4).

For patients with skin type III, the combination of Tacrolimus 

0.1% and the 308-nm excimer light (group A) showed significantly 

higher efficacy after three and six months, and for those with skin 

type IV at all follow-ups. For skin type III, the median improvement 

percentages after six months were 50% in group A and 27% in 

group B (p-value = .002). For skin type IV, they were 68% for group 

A and 29% for group B (p-value = .003) (Table 3).

The affected body sites reported were the face, trunk, upper 

limb (UL), lower limb (LL), and hands & feet for 27, 22, 10, 21, and 

20 patients, respectively. Group B did not achieve any excellent 

responses throughout the therapy. In contrast, after three months, 

group A reported excellent responses in 29% and 15% of patients 

for the face and trunk, respectively. After six months, these figures 

were 36%, 46%, and 33% for the face, trunk, and lower limbs, 

respectively (Figure 3).

Group A showed moderate responses across all body sites after 

both three and six months, whereas group B only reported these 

for the face, trunk, and lower limbs after six months (Table 4). 

Repigmentation percentages increased significantly from the first 

to the sixth month for all body sites in both treatments (all 

p-values < .05). However, for the upper limb in group B, this 

increase was not significant (p-value = .102). Further analysis 

showed group A superiority with significant differences in the face 

(p-value = .001), trunk (p-value = .049), lower limb (p-value = .027), 

and hands & feet (p-value = .001) after six months of treatment.

As per our study, the use of tacrolimus 0.1% ointment alone 

was considered entirely safe, as none of the patients in group (B) 

experienced any adverse reactions. Conversely, in the tacrolimus 

0.1% with excimer light at 308-nm group (group A), side effects 

were observed in 16% of the patients. Nevertheless, these side 

effects were in the form of mild erythema.

Table 2. efficacy of each treatment alone and the differences in the efficacy 
between treatment groups at first, third, and sixth months from baseline.

tacrolimus 0.1% and 
excimer light 308-nm tacrolimus 0.1% alone

mean median iQr mean median iQr Sig

improvement 
after 
1 month

17.5 10 10–27.5 12.1 10 5–12.5 0.087

improvement 
after 
3 months

38.6 40 26.1–55 21.8 15 40–75 0.001

improvement 
after 
6 months

59.6 65 40–75 32.4 30 21.6–40 0.001

Significance of 
difference 
between 
1st and 6th 
months

p = .001 p = .001

Figure 1. improvement in repigmentation in group a across follow-up points.
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Discussion

Tacrolimus, a calcineurin inhibitor, has been acknowledged for its 

pivotal role in treating vitiliginous lesions since its endorsement by 

Grimes et  al. in 2002 for adult patients (18). Subsequent studies 

have further affirmed its efficacy, notably in pediatric patients with 

vitiligo (10,19,20).

Our study findings are consistent with the extant literature 

highlighting the efficacy of Tacrolimus as a monotherapy in treat-

ing vitiligo, with response rates oscillating between 57.9% and 

83.3% (19,21). A previous study (2004–2006), encompassing 100 

patients, lends credence to this: 58% of patients under Tacrolimus 

treatment witnessed successful repigmentation in facial areas, 

whereas 39% observed improvements in non-facial regions. Of 

these, 11% achieved total clearance of facial vitiligo, with an addi-

tional 10% doing so in non-facial areas (22).

The advent of the 308-nm excimer laser has been a game-changer 

in the treatment of vitiligo (23–24). Its amalgamation with Tacrolimus 

has demonstrated promising results, manifesting synergistic benefits 

(25–28). Our trial echoes the broader scientific consensus, highlight-

ing the duo of Tacrolimus 0.1% ointment and the 308-nm excimer 

laser as potent treatment options for pediatric vitiligo.

Our one year trial at King Abdullah University Hospital meticu-

lously evaluated two treatment modalities for pediatric 

non-segmental vitiligo. Fifty participants (aged 5–17) were equally 

allocated into Group A (median age 12, IQR= 9–15 yrs, 56% 

females) and Group B (median age 14, IQR = 10–16 yrs, 60% 

females). Both cohorts exhibited significant repigmentation 

improvements; however, Group A, which underwent combination 

therapy, demonstrated higher efficacy. This observation aligns with 

prior trials, suggesting that vitiligo responds more favorably to the 

excimer laser when it is coupled with topical treatments like 

Tacrolimus ointment (21,29,30).

Group A, treated with both Tacrolimus 0.1% ointment and 

308-nm excimer light, showcased significant repigmentation 

improvements between 10% and 65% within the study’s duration. 

Figure 2. excellent improvement after 3 months of treatment in group a.

Table 4. Percentages of excellent and moderate responses to treatments among patients as an overall and after categoriztion according to various body sites.

as an overall 
improvement 

percentage

Per Body Site

face trunk ul ll
Hands & 

feet

excellent responses
treatment a
 improvement after 3 months (1) 4% 4 (29%) 2 (15%) – – –
 improvement after 6 months (5) 22% 5 (36%) 6 (46%) – 4 (33%) –
moderate responses
treatment a
 improvement after 3 months (6) 24% 3 (21%) 4 (31%) 1 (14%) 5 (42%) 1 (8%)
 improvement after 6 months (8) 35% 5 (36%) 3 (23%) 2 (29%) 3 (25%) 3 (25%)
treatment B
 improvement after 3 months (2) 8% 1 (8%) – – – –
 improvement after 6 months (3) 13% 1 (8%) 1 (11%) – 1 (11%) –

Table 3. the response to treatments according to skin type.

treatment

tacrolimus 0.1% and excimer light 308-nm (group a) tacrolimus 0.1% alone (group B)

Variable median iQr median iQr Sig

Skin type iii
 improvement after 3 months 30 (27–43) 19 (15–24) 0.011
 improvement after 6 months 50 (40–83) 27 (22–38) 0.002
Skin type iV
 improvement after 1 month 10 (10–30) 5 (5–10) 0.024
 improvement after 3 months 40 (18–55) 10 (10–30) 0.002
 improvement after 6 months 68 (44–76) 29 (20–34) 0.003
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This finding is in harmony with previous research (21,27,31,32). 

Conversely, Group B, which received only the Tacrolimus 0.1% 

treatment, experienced a more modest increase from 10% to 30%, 

especially in the head and neck areas (19–21).

A retrospective review of 57 children undergoing at least three 

months of Tacrolimus monotherapy showed successful repigmen-

tation in various body areas. The study revealed partial repigmen-

tation in 89% of head and neck cases and 63% of trunk and 

extremity cases (20), findings that resonate with our results for 

Group B, further underscoring the efficacy of Tacrolimus as a 

monotherapy for pediatric vitiligo patients.

Literature, noting repigmentation rates between 57.9% and 

83.3% (19,21), highlights the therapeutic prowess of Tacrolimus. Xu 

et  al. reported an impressive 83.3% repigmentation rate (21), while 

Choi et  al. established that Tacrolimus’s effectiveness is not only 

comparable to topical steroids but also yields quicker response 

rates (33).

The trial underlines the superior outcomes of combining 

Tacrolimus with light therapy. It elicited different responses across 

various skin types and body sites, with Group A exhibiting excel-

lent responses, particularly in patients with skin types III and IV 

(27,31,32). Treatment responses were significantly noticeable on the 

face, trunk, and lower limbs, corroborating previous studies noting 

treatment success variability based on different body sites (34–37).

It’s imperative to acknowledge the negligible side effects 

recorded, with 16% of Group A reporting side effects and Group B 

reporting none. The absence of a significant statistical difference 

between the groups (p-value = .11) accentuates the safety of 

Tacrolimus, especially in the pediatric demographic.

Tacrolimus and topical corticosteroids like Clobetasol propio-

nate (CP) 0.05% exhibit comparable efficacy rates in pediatric vitil-

igo treatment, with variations in response rates and time to 

observable results. Comparative analyses between Tacrolimus and 

CP 0.05% not only furnish valuable insights but also beckon fur-

ther explorative studies (22).

Our study’s repigmentation pattern is consistent with existing 

literature, as the majority of patients demonstrated diffuse repig-

mentation. The safety profile of Tacrolimus is robust, with mini-

mal adverse events and insignificant clinical side effects noted in 

children treated for vitiligo affecting less than 20% of the 

BSA (22).

In conclusion, Tacrolimus 0.1% ointment—whether used as a 

monotherapy or in combination with a 308-nm excimer lamp—

emerges as a promising and safe treatment for pediatric vitiligo 

(38). The synergy between the two treatments has proven to be 

effective, and Tacrolimus may also offer protection against 

UV-induced DNA damage (38). Long-term follow-up data are 

essential to fully understand and weigh the associated risks and 

Figure 3. responses of body sites to treatment a.
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benefits (38). Nevertheless, understanding and balancing the 

potential risks and benefits necessitate long-term follow-up 

data (38).

Our study, albeit illuminating, has inherent limitations requiring 

acknowledgment. The limited sample size (n = 50) warrants cau-

tious extrapolation of results. While the six-month follow-up period 

provides preliminary insights, it does not guarantee long-term effi-

cacy or late-onset side effects predictions. Conducted in a single 

center, the study’s applicability might need validation due to the 

global diversity in ethnicities, skin types, and genetics. Subsequent 

research endeavors should contemplate larger, diverse participant 

cohorts, multicenter trials, extended follow-up durations, and the 

implementation of standardized, objective assessment methodolo-

gies. These would not only validate the initial findings but also 

contribute substantially to the development of pediatric vitiligo 

treatment protocols.

Conclusion

The trial findings underscore that the combination of a 308-nm 

excimer lamp and Tacrolimus significantly enhances the effec-

tiveness of pediatric vitiligo treatment compared to Tacrolimus 

monotherapy. This combined approach not only accelerates the 

repigmentation process but also yields a higher overall percent-

age of repigmentation over a six-month period. The efficacy of 

this combination is particularly pronounced in patients with 

skin types III and IV. With minimal side effects observed, the 

combination therapy presents a promising and safe treatment 

alternative for children suffering from vitiligo. Future research 

should involve larger cohorts and extended follow-up periods 

to validate the effectiveness and safety of the combined ther-

apy across diverse pediatric populations. This would aid in the 

development of improved, patient-centric vitiligo treatment 

protocols.
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