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BACKGROUND: Tacrolimus ointment is a recently developed topical immunomodulator that has been approved for use in patients
with vitiligo older than 2 years. Concern regarding potential systemic toxic effects has limited treatment options for children
younger than 2 years. We wanted to determine whether topical tacrolimus therapy is safe and effective in patients with vitiligo

younger than 2 years.

METHODS: The present 6-month clinical trial was conducted to evaluate the efficacy and safety of 0.03% tacrolimus in the
treatment of vitiligo in children under 2 years of age. Meanwhile, serum and urine samples were collected, and liquid
chromatography-mass spectrometry was performed to generate the serum and urine metabolic profile data of patients and

healthy controls.

RESULTS: The overall response rate at the sixth month, which was defined by the degree of re-pigmentation, was 100%. As
revealed by blood monitoring and metabolite detection 6 months later, there was no difference between the treatment group and
the control group. There is no evidence that long-term topical application of 0.03% tacrolimus ointment will cause metabolite or

other physical changes in the body.

CONCLUSIONS: Tacrolimus ointment appears to be effective and safe in the treatment of vitiligo in children younger than 2 year.
TRIAL REGISTRATION: http://www.chictr.org.cn identifier: ChiCTR 2100045920.

Pediatric Research (2023) 93:661-665; https://doi.org/10.1038/s41390-022-02133-5

IMPACT:

® We first reported the efficacy and safety of topical application of 0.03% tacrolimus ointment in infants with vitiligo characterized

by the metabolites.

® There is no evidence that long-term topical application of 0.03% tacrolimus ointment will cause metabolite or other physical

changes in the body.

® This study provide evidence for the TCl treatment of infants with vitiligo.

INTRODUCTION
Vitiligo is a common idiopathic skin disorder characterized by skin
depigmentation, which is mainly caused by the destruction of
cutaneous melanocytes.'™ It affects 0.38-2% of all age groups in
the global population.? The pathogenesis appears to be asso-
ciated with the CD8™ T cell-induced immune response, since CD8™"
T and tissue-resident memory T cells (Tgy) cells are recruited
during both the progression and maintenance of vitiligo.*™®
Topical calcineurin inhibitors (TCls) are recommended as the
second-line therapeutics for the short-term intermittent treatment
of patients with vitiligo =2 years.'®"'® Tacrolimus, also known as
FK506, is an immunomodulator that mainly functions to inhibit
calcineurin activity.'* The immunosuppressive agent is commonly
utilized in the patients undergoing allogeneic organ transplanta-
tion to reduce the risk of organ rejection.'>'® It is also a topical
medication applied in the treatment of eczema, psoriasis, and
other T cell-mediated diseases.'>'® Tacrolimus inhibits the activity

of peptidylprolyl isomerase by directly binding to the immuno-
philin FKBP12 (FK506-binding protein)."’ The FKBP12-FK506
complex interacts with and inhibits calcineurin, thus blocking
T-lymphocyte signal transduction as well as the transcription and
synthesis of interleukin-2 and other related cytokines.'” Signifi-
cantly, tacrolimus promotes melanogenesis by regulating the
growth of keratinocyte and stimulating the migration of
melanocytes.'®'® Unlike the topical glucocorticoids, long-term
application of TCls shows no significant side effects in patients
with atopic dermatitis (AD).2%2" |n addition, it does not induce
systemic immunosuppression in patients with psoriasis and
vitiligo patients.?*?* As a result, TCls application is a valuable
therapeutic approach for a wide variety of other dermatologic
diseases. These drugs are suitable for the intermittent long-term
usage in patients, which achieve comparable effects to topical
application of hormone ointment.?>** As reported in existing
studies, topical tacrolimus combined with narrow-band ultraviolet
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B (NB-UVB) for head and neck vitiligo attains superior therapeutic
efficacy to NB-UVB treatment alone.*®

The safety of tacrolimus is also evaluated in infants with
dermatosis aged <2 years. In our recent study, we reported the
efficacy of TCls as the treatment for vitiligo in infants under 2 years
of age.”® Moreover, some studies innovatively adopt urinary
metabolomics to predict the potential long-term side effects due
to toxicity and systemic reactions.”” However, the safety of TCls in
infants with vitiligo, and especially the systemic adverse reactions,
requires further investigations.

At present, most existing studies that examine the safety of
tacrolimus ointment are limited to clinical observations.'*?® In this
study, we investigated the safety of topical application of 0.03%
tacrolimus treatment in infants by liquid chromatography-mass
spectrometry (LC/MS).

PATIENTS AND METHODS

The aim of the study was to explore the efficacy and tolerability of 0.03%
tacrolimus cream (Protopic) in infants younger than 2 years of age. The
Institutional Review Board or Ethics Committee of the participating
organizations approved this study protocol. The study was performed
according to the Declaration of Helsinki and Good Clinical Practices. Prior
to study enrollment, the entire process was clearly explained to each
patient’s parent, caregiver, or legal representative, and a concise written
informed consent form was obtained.

Patients

The patient inclusion criteria were as follows: patients who were diagnosed
with vitiligo by their senior physicians and did not receive systemic
application of corticosteroid. Parents of the infants were informed of the
potential benefits and risks related to the topical application of TCls and
signed the informed consent form. Additionally, patients with a history of
spontaneous re-pigmentation of vitiligo lesions or malignant diseases or
autoimmune disorders were excluded from this study.

Efficacy observation and adverse reaction observation

Vitiligo infants were managed with a standardized protocol. The skin
management protocol was based on clinical practice guidelines for similar
conditions. Prospective subject screening for the inclusion/exclusion
criteria was completed 3 days before the baseline visit.

Patients with vitiligo were managed with a standardized protocol. To be
specific, the skin management protocol was based on the clinical practice
guidelines for similar conditions. Infants were treated with topical
application of 0.03% tacrolimus ointment twice daily for 6 consecutive
months. Afterwards, a maintenance treatment (once every 3 days) or
continued treatment was implemented depending on the effect.

After the completion of treatment, all patients were subsequently
followed up by the same dermatologist once a month for the following
12 months. At the same time, related data and improvement information
at 6th and 12th months were recorded, respectively. In this study, the re-
pigmentation rate was graded as follows: excellent (>75% re-pigmenta-
tion), good (>50-75% re-pigmentation), fair (>25-50% re-pigmentation),
poor (>0-25% re-pigmentation), and no response. The effective rate was
determined according to the formula: effective rate = (good case number
+ excellent case number)/total case number. Moreover, local adverse
effects (either reported by parents or physicians) were recorded: (1) the
presence or absence of scratching at the administration site by the
affected child, (2) the presence or absence of erythema at the
administration site, and (3) the presence or absence of scratch and blood
crust at the administration site.

Sample collection and testing

From July 2021 to September 2021, blood samples and urine samples were
collected from 20 infants with vitiligo who were treated with tacrolimus for
6 months. Additionally, same samples from 20 healthy infants with
matched sex, height, and body weight were enrolled as controls.

Venous blood (2mL) and urine (3mL) were collected on an empty
stomach in the early morning. Then venous blood was tested using an
i2000 instrument and the supporting kit (ARCHITECT). The tacrolimus
blood concentration test was performed in accordance with the
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Table 1. Baseline demographic data and clinical characteristics of
patients and healthy controls.

Vitiligo Control P value
Boy/girl 11/9 12/8 >0.05
Age at the beginning of 19.4+3.8
treatment (months, mean +
SD)
Height at the beginning of 83.1+t74
treatment (cm)
Weight at the beginning of 126+£1.2
treatment (kg)
Age at sampling (month) 25.7+28 249+3.1 >0.05
Height at sampling (cm) 89.9+9.2 87.3+8.2 >0.05
Weight at sampling (kg) 15.1+£2.0 15.0+1.7 >0.05
Segmental/non-seg 2/18
Course at sampling (month) 82+1.2
Body surface area (%) 0.2-3

Table 2. Response degree of infants with vitiligo in treatment of
sixth month.

Re-pigmentation Excellent Good Fair Poor
Month

Sixth month 3 5 8 4

i2000 standard protocols, and internal quality control (QC) was always
performed.

In addition, serum and urine samples were sent to the Shanghai Meiji
Company for LC/MS metabolomic analysis (Shanghai, China). A total of
40 samples were analyzed using the LC/MS platform (Thermo, Ultimate
3000LC, Q Exactive). After thawing at room temperature, 100 uL of each
sample was transferred into the 1.5 mL centrifuge tubes, and then 300 pL
methanol was added. After adding 10 pL internal standard, each sample was
vortexed for 30s and centrifuged at 12,000rpm for 15min at 4°C.
Afterwards, 200 pL supernatant was transferred into a new vial for LC/MS
analysis. Chromatographic separation was conducted using a Hyper gold C18
column preheated to 40 °C. Thereafter, 10 pL prepared sample was injected
and maintained at 4°C for analysis. To obtain information on the system
repeatability, QC samples were prepared by mixing and all fluid extraction
aliquots were injected at regular intervals throughout the analytical process.

Metabolomic data and analysis

The data were transformed to CDF files by Thermo Scientific™ Xcalibur™
(version v3.0). Afterwards, peak picking, peak alignment, peak filtering, and
peak filling were completed using the XCMS software (version v.3.4.4).
Then data regarding retention time (RT), MZ, observations (samples), and
peak intensity were normalized. After mean centering and unit variance
scaling, principal component analysis (PCA) and (orthogonal) partial least
squares discriminate analysis (O/PLS-DA) were carried out to visualize the
metabolic alterations among experimental groups. Variable importance in
the projection (VIP) was conducted to rank the overall contribution of each
variable to the PLS-DA model, and variables with VIP > 1.0 were considered
as relevant for group discrimination. Significant differences in metabolites
between groups were analyzed by O/PLS-DA combined with Student's t
tests, and P values <0.05 were considered to indicate statistical
significance. In the meantime, the multiple range test with corrected g
values <0.05 were regarded as statistically significant.

RESULTS

Patients and treatment

Baseline demographic data and clinical characteristics of patients
and the healthy controls are summarized in Table 1. The overall
response rate at the 6th month, which was defined by the degree
of re-pigmentation, was 100% (Table 2 and Fig. 1). In addition, the
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effective rates (>50% re-pigmentation) in the tacrolimus group
were 40% at the 6th month and 65% at the 12th month. No local
adverse reactions were reported.

Blood concentration of tacrolimus

While measuring the blood concentration of tacrolimus, it was
found that the detection values of vitiligo infants after treatment
and untreated healthy controls were <1 ng/mL (data not shown),
below the minimum detection value. There was no difference
between the two groups.

Blood and urine LC/MS

Altogether 123,479 characteristic peaks were detected by compar-
ing the urine mass spectrometry from 40 samples, which contained
over 1020 compounds. There was no significant difference between
the two groups upon PCA or further analysis by PLS-DA and OPLS-

Fig. 1 Photograph of patient. Depigmentation before trial of
tacrolimus 0.03% ointment (a) and after 6 months of twice daily
application (b).
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DA. Meanwhile, there was no significant metabolic difference
between the two groups by differential metabolite screening test (P
> 0.05) or further range test corrected q test (g < 0.05) (Fig. 2). Thus,
as there were no statistically significant data for further clustering or
enrichment analysis, it was impossible to conduct clustering and
enrichment analyses of metabolic differences.

By comparing the blood mass spectrometry of the 40 samples, a
total of 23,525 characteristic peaks were detected, containing about
2020 compounds. There was no statistical difference between the
two groups by PCA or PLS-DA. Additionally, there was no clear
separation between the points pertaining to the two groups.
Thereafter, VIP metabolite screening test followed by OPLS-DA with
a difference >1 was performed, and a total of 12 metabolic
metabolites were found. No significant metabolic difference was
detected between the two groups by range test corrected g test (g
<0.05; Fig. 3). Clustering analysis of metabolic differences was
impossible. Thus, there were no statistically significant data for
further counting by clustering or enrichment analysis.

DISCUSSION
Topical corticosteroid preparations are one of the oldest and
preferred treatments for vitiligo.'? However, in clinical practice, the
vast majority of parents of vitiligo infants would have concerns
about the safety and side effects of local corticosteroids. As an
alternative, TCIs have been widely used to treat AD in young
children currently, since they will not induce those side effects of
topical steroids."""?

However, the application of TCls in children younger than 2 years
of age was restricted in 2006 to include a boxed warning about the
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Fig. 2 Multidimensional component analysis and models of urine metabolites with and without treatment in infants. ML and M2
represent principal coordinate analysis (PCA) of vitiligo infants A, control group B, and QC. Orthogonal partial least squares discriminant
analysis (O/PLS-DA) plot of 40 urine metabolites in comparisons of the vitiligo infants A and control group B in M3 and M4. The separation
between the points relating to vitiligo and control is unclear and inseparable.
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Fig. 3 Multidimensional component analysis and models of blood metabolites with and without treatment in infants. ML and M2
represent principal coordinate analysis (PCA) of vitiligo infants A, control group B, and QC. Orthogonal partial least squares discriminant
analysis (O/PLS-DA) plot of 40 blood metabolites in comparisons of the vitiligo infants A and control group B in M3 and M4. The separation
between the points relating to vitiligo and control is unclear and inseparable.

theoretical risk of skin cancer and lymphoma in patients treated
with TCls.?**° As revealed by a follow-up study based on >25,000
person-years, it is unlikely that the application of topical pimecro-
limus in PEER cohort for the treatment of AD is connected to an
increased risk of malignancy.®’ Further, there is no association
between malignancy and the topical application of pimecrolimus.

The tacrolimus ointment has been shown to be efficacious and
safe in treating both facial and non-facial vitiligo in the pediatric
population; typically, the facial lesions responded faster than the
non-facial ones.3? In this study, we found that lesions on the head
and face responded better than those in other regions. As
reported in a prospective pilot study on the response to treatment
with tacrolimus ointment treatment for vitiligo in 30 patients in
2009, topical tacrolimus ointment is an effective and well-
tolerated alternative therapy for vitiligo, especially for lesions on
the head and neck.*?

We found that the effective treatment time of 0.03% tacrolimus
ointment for vitiligo in infants and young children was the same
as that in adults, which was generally 2-2.5 months; meanwhile,
good results were obtained after treatments for twice a day for
6 months. For the 16 infants treated effectively for half a year, we
changed the treatment to a 3-day maintenance intermittent
treatment. The complexion of infants continued to improve during
the second half of the follow-up, and no recurrence occurred.

There were 22 effective treatment cases, and the effective rate
was consistent with that reported in the literatures.?** Notably,
an advantage of tacrolimus ointment over corticosteroids is that it
will not cause local atrophy, dilation of capillaries, or potential
adverse eye effects.>® Kanwar et al. proposed that the topical
application of tacrolimus was proven to be an effective method
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for the treatment of vitiligo in Asian children, with a complex rate
(except ineffective) of 86.4%.3¢ On this basis, our group was the
first to include studies on infants younger than 2 years old and
demonstrated TCls as a therapeutic option for vitiligo in infants
under 2 years old.

To test and verify the safety of long-term topical tacrolimus
ointment, we first tested the blood concentration of the
therapeutic agent. The results showed that the drug absorption
and blood residue were negligible after half a year. As a classic
systemic oral immunosuppressant, tacrolimus can effectively
improve the prognosis of organ transplantation, and its blood
concentration can reach 10 ng/mL and maintain the level for a
long time."” In our study, the final detection value of topical 0.03%
tacrolimus ointment for local small areas was close to 0, and the
systemic effect of long-term application was almost negligible. On
the other hand, tacrolimus has been used worldwide for over 15
years to treat AD in children and adults. Available data suggested
that tacrolimus is effective and well tolerated, which can improve
the patient quality of life. Systemic drug absorption after
tacrolimus application is negligible and unlikely to result in
systemic immunosuppression. Moreover, there is currently no
strong evidence of an increased rate of malignancy in treated
patients with TCls, and observational data from post-marketing
surveillance studies have shown no safety concerns.®”

In conclusion, we attempted to detect the changes in urine and
blood metabolites in infants and young children by LC/MS. Then
we analyzed and predicted the toxicity and systemic response
caused by long-term drug treatment. It was found that, after
6 months of topical application, no significant change or
abnormality was detected in the two groups. These results, which
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were obtained from the relatively stable and highly consistent
infants of the recipe, proved to be credible and reliable. For blood
tests performed on the same group of samples simultaneously,
doubled metabolites were detected in the urine. Meanwhile, it
was found through PCA and PLS-DA that there was no obvious
difference between the two groups. However, 12 of these
over 20,000 metabolite peaks were different. We further
conducted O/PLS-DA test and multiple range R test, which
confirmed that there was no difference between the two groups.
Besides, there was no possible metabolic pathway or signaling
pathway that might be enriched for clustering analysis. None-
theless, more metabolomics-based long-term safety trials that use
short-term clinical models to effectively predict drug toxicity and
systemic response are needed.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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