
Background: A topical formulation of tacrolimus, an immuno-
suppressant currently marketed for the prevention of rejection
after solid organ transplant, is a potential therapeutic agent
for atopic dermatitis.
Objective: We sought to determine the safety and efficacy of
tacrolimus ointment in pediatric patients with moderate-to-
severe atopic dermatitis.
Methods: In this double-blind, vehicle-controlled multicenter
trial, children ages 7 to 16 years were treated with twice daily
application of tacrolimus ointment at 1 of 3 concentrations
(0.03% [n = 43], 0.1% [n = 49], or 0.3% [n = 44]) or vehicle (n
= 44) for up to 22 days, with a 2-week follow-up period.
Results: The Physician’s Global Evaluation of clinical response
showed that 69% (95% confidence interval: 53-82) of patients
in the 0.03% tacrolimus ointment group, 67% (95% confidence
interval: 52-81) in the 0.1% tacrolimus ointment group, and
70% (95% confidence interval: 54-83) in the 0.3% tacrolimus
ointment group, compared with 38% (95% confidence interval:
24-54) in the vehicle group, had a marked to excellent (≥75%)
improvement or clearing of their atopic dermatitis (P = .005,
.007, and .004, respectively for the 3 tacrolimus groups com-
pared with the vehicle group). The mean percent improvement
for a modified Eczema Area and Severity Index at end of treat-
ment for each of the 3 tacrolimus groups (0.03%, 72%; 0.1%,
77%; and 0.3%, 81%) was significantly better than that of the
vehicle group (26%; P < .001). The median percent reduction in
pruritus was significantly greater for tacrolimus-treated
patients (74% to 89%) than for vehicle-treated patients (51%,

P = .027). No serious systemic adverse events were noted, and
systemic absorption was minimal.
Conclusion: Tacrolimus ointment appears to be safe and effec-
tive in children with atopic dermatitis. (J Allergy Clin
Immunol 1998;102:637-44.)
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atric, eczema

Atopic dermatitis is the most common chronic skin
disease in children.1 Characterized by chronic skin
inflammation, cutaneous erythema, induration, severe
pruritus, overexpression of IL-10, high IgE levels, and
eosinophilia, atopic dermatitis causes significant interfer-
ence with school, work, and social interactions.2-6 Topi-
cal corticosteroids, by virtue of their antiinflammatory
properties, are currently the most potent treatment for
atopic dermatitis. However, in patients with more severe
disease, the therapeutic response to these agents is not
always satisfactory. In addition, chronic use may be asso-
ciated with significant side effects. This is particularly
true with the use of more potent topical corticosteroids
on the face or intertriginous areas. In pediatric patients
growth retardation and adrenal insufficiency may be
associated with prolonged use of topical corticosteroids.7

Cyclosporine given orally has been reported to be effec-
tive for atopic dermatitis, but concerns over systemic tox-
icity have limited its use.8 Topical therapy with
cyclosporine has been attempted, but patients failed to
show significant improvement, probably because of
insufficient penetration into the skin.9

Tacrolimus or FK506, a macrolide lactone isolated
from Streptomyces tsukubaensis, is an immunosuppres-
sive agent with a spectrum of activity similar to that of
cyclosporine.10 Tacrolimus is currently used to prevent
allograft rejection in liver and kidney transplantation. Its
lower molecular weight and higher potency compared
with cyclosporine suggest it could be effective as a topi-
cal agent. Several uncontrolled studies and 1 randomized,
placebo-controlled trial in adult patients have reported
that treatment of atopic dermatitis with topical tacrolimus
results in markedly diminished pruritus and skin inflam-
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mation.11-13 No studies have investigated the effects of
tacrolimus in children, the population of greatest interest.
The current randomized, double-blind, vehicle-con-
trolled, multicenter study is the first trial designed to eval-
uate the efficacy and applicability of topically applied
tacrolimus ointment in childhood atopic dermatitis.

METHODS

Patients and study design

Subjects were children ages 7 to 16 years with 5% to 30% body
surface area involvement and moderate-to-severe atopic dermatitis
according to the criteria of Hanifin and Rajka.2 Before enrollment,
patients had to stop topical and inhaled corticosteroids for 1 week
and systemic corticosteroids for 6 weeks. Patients receiving ultravi-
olet light therapy and immunotherapeutic agents had to stop such
therapy at least 1 month before enrollment. Patients requiring antiin-
fective drugs were excluded. Nonsedating antihistamines were dis-
continued before enrollment. Menstruating female patients had to
have a negative pregnancy test result and practice effective birth con-
trol. The protocol was approved by the Institutional Review Boards
at all participating centers, and written informed consent was
obtained from the parents or legal guardians of all patients.

Patients were randomized within each center by using permuted
blocks of size 8 by means of a centralized computer-generated ran-
domization schedule to treatment with twice daily applications of
either tacrolimus ointment at 1 of 3 concentrations (0.03% [n = 43],
0.1% [n = 49], or 0.3% [n = 44]) or vehicle (n = 44) for up to 22 days,
with a 2-week follow-up period. Tacrolimus ointment and vehicle
were identical in appearance and were dispensed in identical coded
tubes. The study drug was blinded to all investigators, study coordi-
nators, patients, and the sponsor except for the Department of Phar-
maceutical Sciences, Fujisawa USA, which prepared the study med-
ication. The 3 concentrations of drug used in this study were select-
ed because they had been shown to be safe in studies conducted in
Japan and Europe in adults with atopic dermatitis.12-14 Medication
tubes were weighed before dispensing and on return to the investi-
gator to assess compliance. Patients were limited to a maximum of
10 g of study medication per application. Patients were given a non-
medicated emollient to use as needed on nontreatment areas of the
body and all over during the follow-up period.

Patients were evaluated at 8 visits: prestudy, baseline, day 4, day
8, day 14, day 22/end of treatment, day 29, and day 36/termination.
If a new skin lesion appeared during the study or an existing lesion
increased in size, the physician could increase the treatment area at
the next study visit. If an area affected by atopic dermatitis
decreased in size or cleared, the physician could decrease the treat-
ment area at the next study visit. If a patient’s atopic dermatitis
cleared completely during the study, the physician could discontin-
ue treatment with the study drug, but the patient could not resume
treatment if the atopic dermatitis flared during the follow-up period.

Outcome variables

The Physician’s Global Evaluation of clinical response, with
improvement between less than 0% (worse) and 100% (cleared)
compared with baseline, was prospectively defined as the primary
response parameter. Other outcome measures included a modified
Eczema Area and Severity Index (a composite index of area
involved, the physician’s assessment of clinical signs, and the
patient’s assessment of pruritus, with a maximum score of 120) and
a Head and Neck Total Score (the sum of the physician’s assessment
of individual signs in this body area, with a maximum score of 18).
The modified Eczema Area and Severity Index was calculated as fol-
lows: for each of the 4 body regions (head/neck, upper limbs, trunk,
and lower limbs), 3 clinical signs of atopic dermatitis were graded on

a scale of 0 to 3 and totaled (erythema grade + induration grade +
excoriation grade = total grade). Each total grade was then multi-
plied by the affected area score for each body region, with an adjust-
ment based on the relative contribution of each region to total body
surface area. The resultant value for each body region was summed
and added to a total pruritus score. The total pruritus score was cal-
culated by summing the adjusted affected area scores for each body
region and multiplying the sum by the pruritus score (adjusted to a
scale of 0 to 3). The Head and Neck Total Score was the sum of the
physician’s assessment of erythema, edema-induration-papulation,
excoriations, oozing-weeping-crusting, scaling, and lichenification,
with each sign rated on a scale of 0 (absent) to 3 (severe).

The patient’s assessment of overall treatment effect was based on
the patient or parent/guardian rating the atopic dermatitis compared
with baseline from “much better” to “much worse.” In addition, the
patient’s assessment of pruritus was measured with a visual analog
scale from 0 to 10 cm. Duration of remission of atopic dermatitis
during the follow-up period was also assessed.

Safety variables

Safety variables included adverse events reported by patients or
parents/legal guardians or observed by the physician at all study vis-
its. Blood was obtained at baseline, day 4, and day 22/end of treat-
ment for determination of complete blood count with differential
and biochemistry panel. 

Tacrolimus blood concentrations

Blood was obtained at baseline, day 4, and day 22/end of treat-
ment for determination of tacrolimus levels. Whole blood
tacrolimus concentrations were measured with an ELISA assay,
with a lower level of quantitation of 0.05 ng/mL.15

Sample size and statistical analyses

Calculation of the sample size was determined by using standard
methods for binomial data. The effective rate (marked improvement
or better) of Physician’s Global Evaluation of clinical response at
the last day of treatment was the determining factor for sample size
calculation. Assuming the estimated effective rate (marked
improvement or better) in the vehicle group and tacrolimus 0.1%
group are 50% and 80%, respectively, 40 patients per each group are
necessary to detect the statistically significant difference between 2
groups using a 2-sided test at 80% power and α = 0.05.

As defined in the protocol, the primary analysis for efficacy
involved data from all patients receiving at least 3 consecutive days
(minimum of 5 applications) of study drug. The ratings of the
Physician’s Global Evaluation of clinical response and the patient’s
assessment of treatment effects were dichotomized into success
(Physician’s Global Evaluation rating ≥ marked improvement or
patient’s assessment rating ≥ better) and failure (others) and then
analyzed with logistic regression models. The modified Composite
Eczema Area and Severity Index and Head and Neck Total Score
were analyzed with general linear models. For other efficacy vari-
ables, 1-way ANOVA, chi-square test, and Kruskal-Wallis test were
used to compare groups according to the scale and property of the
data. All patients were included in the safety analyses.

RESULTS

Patient characteristics

Each of 180 children at 18 study centers with atopic
dermatitis were randomized to 1 of the 4 treatment arms
(Fig 1). Patient characteristics at baseline in each treat-
ment group were similar with regard to mean age, gen-
der, racial distribution, duration of atopic dermatitis, and
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FIG 1. Trial profile.

FIG 2. Left ear of 12-year-old boy who entered the study with moderate atopic dermatitis at baseline (A) and day
15 (B). Improvement was noted by physician beginning on day 4 of treatment with 0.03% tacrolimus ointment.

A B
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skin severity index (Table I). The only significant differ-
ence at baseline between treatment groups occurred in
the percent of body surface area involved. In addition,
although not statistically significant, there were numeri-
cally more patients with severe disease in the vehicle
group than in any of the tacrolimus groups. However,
examination of either percent of involved body surface
area or severity of disease as a covariate in the logistic

analysis of the Physicians’s Global Evaluation and the
ANOVA of the modified Eczema Area and Severity
Index score did not result in any substantive change in
the primary conclusions.

Patients applied study medication to all affected areas
except in rare cases where small areas of atopic dermati-
tis close to the eyes were omitted. A similar total amount
of ointment was used in each of the treatment groups

TABLE I. Baseline characteristics of 180 children with atopic dermatitis randomly assigned to receive tacrolimus oint-
ment or vehicle

Tacrolimus concentrations

0% (Vehicle) 0.03% 0.1% 0.3% P value

Characteristic (n = 44) (n = 43) (n = 49) (n = 44)

Age at entry (yrs) 10.4 (2.9) 10.1 (2.2) 10.8 (2.7) 10.5 (2.8) .669
Sex (M/F) 18/26 18/25 21/28 23/21 .687
Race

White 27 24 38 32 —
Black 14 12 10 11 —
Other 3 7 1 1 —

Duration of atopic dermatitis (yrs) 8.7 (3.7) 8.1 (3.5) 7.8 (3.5) 8.8 (3.4) .468
Body surface area involved (%) 19.7 (7.4) 17.7 (7.7) 15.5 (7.9) 19.3 (8.6) .049
Severity index

Moderate 32 38 42 39 —
Severe 12 5 7 5 —

Data are mean ± SD, except gender and race, which are expressed as number of patients. Severity index is based on Rajka and Langeland criteria.27 P values
are from a chi-square test for gender, race, and severity and from ANOVA for age, duration of atopic dermatitis, and body surface area involved.
—, Not applicable.

FIG 3. Modified Eczema Area and Severity Index (mean ± SEM). At end of treatment, each of 3 tacrolimus
groups had significantly greater (P < .001) reduction in modified Eczema Area and Severity Index compared
with vehicle group.
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(Table II). Eighteen of the 180 patients discontinued their
treatment early. This included 7 patients in the vehicle
group, 2 in the 0.03% tacrolimus ointment group, 5 in the
0.1% tacrolimus ointment group, and 4 in the 0.3%
tacrolimus ointment group (Fig 1). Four of 44 (9.1%)
patients in the vehicle group discontinued treatment
because of lack of efficacy compared with 1 of 136
(0.7%) patients receiving tacrolimus ointment (Table II).
Discontinuation because of adverse events occurred in 2
of 44 (4.5%) vehicle-treated patients and 5 of 136 (3.7%)
tacrolimus ointment–treated patients. Noncompliance
with the study protocol resulted in discontinuation of
treatment in 1 (2.4%) patient in the vehicle group and 5
(3.3%) patients in the tacrolimus ointment groups.

Efficacy outcome
Clinical improvement was generally noticeable for

tacrolimus-treated patients within the first 1 to 2 weeks
of treatment. Fig 2 shows the response in an individual
patient after twice daily application of 0.03% tacrolimus
ointment for 2 weeks. This patient showed excellent
improvement beginning as early as day 4 of treatment.

The Physician’s Global Evaluation of clinical response
reported at end of treatment showed that 69% (95% con-
fidence interval: 53-82) of patients in the 0.03%
tacrolimus ointment group, 67% (95% confidence inter-
val: 52-81) in the 0.1% tacrolimus ointment group, and
70% (95% confidence interval: 54-83) in the 0.3%
tacrolimus ointment group, compared with 38% (95%

TABLE II. Tacrolimus blood concentrations, adverse events, and withdrawals in the treatment groups

Tacrolimus concentrations

0% 0.03% 0.1% 0.3%

(Vehicle) P Value

Variable (n = 44) (n = 43) (n = 49) (n = 44)

Mean total amount of ointment used (g) 98 94 86 91 —
Mean tacrolimus blood levels (Day 4) — 0.10 ± 0.17 0.21 ± 0.32 0.31 ± 0.41 .005*

(ng/mL ± SD)
Mean tacrolimus blood levels (Day 22) — 0.07 ± 0.10 0.09 ± 0.31 0.18 ± 0.21 <.001*

(ng/mL ± SD)
No. of patients with adverse events

Increased serum creatinine 0 1† (2.3%) 0 0 .361‡
Increased pruritus at application site 7 (15.9%) 11 (25.6%) 10 (20.4%) 13 (29.5%) .445‡
Skin burning at application site 3 (6.8%) 9 (20.9%) 5 (10.2%) 10 (22.7%) .092‡
Increased erythema at application site 2 (4.5%) 0 1 (2.0%) 3 (6.8%) .309‡

No. of drop outs
Lack of efficacy 4 (9.1%) 1 (2.3%) 0 0 .027‡
Patient noncompliance 1 (2.3%) 1 (2.3%) 4 (8.2%) 0 .148‡
Adverse events 2§ (4.5%) 0 1( (2.0%) 4¶ (9.1%) .143‡

—, Not applicable.
*Kruskal-Wallis test.
†Transient elevation to 1.4 mg/dL, resolved without change in study drug application.
‡Chi-square test.
§Pruritus at application site (1 patient) and asthma (1 patient).

(Ingrown toenail infection.

¶Pruritus/skin burning at application site (1 patient), middle ear infection (1 patient), elevated liver enzymes (1 patient), and asthma/sinusitus (1 patient).

Head and Neck Total Score (mean ± SEM). At end of treatment, each of 3 tacrolimus groups had significantly greater (P < .001) reduction in Total Score of

head and neck region compared with vehicle group.

TABLE III. Patient’s assessment of pruritus*

Tacrolimus concentrations

0% 0.03% 0.1% 0.3%

(Vehicle) P value

Variable (n = 44) (n = 43) (n = 49) (n = 44)

Mean pruritus rating at baseline 5.4 5.7 4.9 5.2 —
Mean pruritus rating at the end of treatment 3.6 1.8 1.7 1.8 —
Mean percent improvement from baseline to end of treatment 3.6 64.7 47.1 47.8 .027†
Median percent improvement from baseline to end of treatment 50.5 88.7 73.6 77.1 —

*Pruritus based on 10-cm visual analog scale.
†P value calculated with a general linear model method (vehicle vs tacrolimus pooled).
—, Not applicable.
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confidence interval: 24-54) in the vehicle group, had a
marked to excellent (≥75%) improvement or clearing of
their atopic dermatitis (P = .005, .007, and .004, respec-
tively, for the 3 tacrolimus groups compared with the
vehicle group). Sixteen of 42 (38.1%) vehicle-treated
patients compared with 7 of 131 (5.3%) tacrolimus-treat-
ed patients had no appreciable improvement or worsened
at end of treatment. Of these 7 tacrolimus-treated
patients, 5 were treated with the 0.03% concentration.

The mean percent improvement for a modified
Eczema Area and Severity Index at the end of treatment
for each of the 3 tacrolimus groups (72%, 0.03%; 77%,
0.1%; and 81%, 0.3%) was significantly better than that
of the vehicle group (26%; P < .001, Fig 3). Differences
between the tacrolimus- and vehicle-treated groups were
significant by day 8 of treatment. An analysis of the Head
and Neck Region Total Score showed significant
improvement for each of the tacrolimus groups compared
with the vehicle group (P < .001, Fig 4). The mean per-
cent improvement was 65% for the 0.03% group, 83%
for the 0.1% group, and 81% for the 0.3% group com-
pared with a 2% worsening in the vehicle group.

The percent of patients reporting feeling “much bet-
ter” or “better” at the end of treatment was 76% in the
0.03% tacrolimus ointment group, 91% in the 0.1%
tacrolimus ointment group, and 91% in the 0.3%
tacrolimus ointment group (P = .025, <.001, and <.001,
respectively) compared with 52% in the vehicle group.
Table III is a summary of the pruritus rating on the basis
of the patient’s assessment. The pruritus rating was
recorded on a 10-cm visual analog scale where 0 = “No
Itch” and 10 = “Worst Itch Imaginable.” The percent
reduction in pruritus, from baseline to the end of treat-

ment, was significantly greater for tacrolimus-treated
patients than for vehicle-treated patients (P = .027).

Twelve of 42 patients in the vehicle group compared
with 25 of 42 in the 0.03% tacrolimus ointment group, 21
of 46 patients in the 0.1% tacrolimus ointment group,
and 24 of 43 patients in the 0.3% tacrolimus ointment
group were rated as having “excellent improvement” or
“cleared” (ie, >90% improvement on the basis of the
Physician’s Global Evaluation of clinical response).
These patients were evaluated for the time to recurrence
of atopic dermatitis during the 2-week follow-up period.
Of these, 9 (75%) in the vehicle group, 18 (72%) in the
0.03% tacrolimus ointment group, 17 (81%) in the 0.1%
tacrolimus ointment group, and 21 (88%) in the 0.3%
tacrolimus ointment group had recurrence of their atopic
dermatitis. The recurrence rate of the 13 patients rated as
“cleared” was 77%.

Adverse events and tacrolimus blood con-

centrations

No serious systemic adverse events were noted during
this study. The most common adverse events reported
were local increased pruritus and burning during the first
4 days of the study drug application. Overall, there was a
greater number of patients in each of the tacrolimus-treat-
ed groups complaining of increased burning or pruritus at
the application site as compared with the vehicle-treated
group (Table II). However, these adverse effects were not
significantly different between the vehicle and tacrolimus
groups (P = .445 for pruritus; P = .092 for burning). Fur-
thermore, the prevalence of both pruritus and burning
decreased after day 4 of treatment and was similar in all
treatment groups after this initial treatment period.

FIG 4. Head and Neck Total Score (mean ± SEM). At end of treatment, each of 3 tacrolimus groups had sig-
nificantly greater (P < .001) reduction in Total Score of head and neck region compared with vehicle group.
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Table II shows the whole blood tacrolimus concentra-
tions obtained during the course of this study. Only 7
(2.8%) of the 254 blood samples evaluated contained
more than 1 ng/mL of tacrolimus. Six patients had a
tacrolimus blood level greater than 1 ng/mL on day 4.
The highest blood level of tacrolimus measured on day 4
was 1.66 ng/mL in a patient treated with 0.3% tacrolimus
ointment. This patient had an asymptomatic elevation of
liver function tests on day 4, which resulted in her termi-
nation from the study. The elevation may have been relat-
ed to alcohol consumption by this patient. Within 2 days
after discontinuation of study drug, her liver function
tests had essentially normalized. A single patient had a
blood level of tacrolimus of 2.06 ng/mL on the day 22
visit while receiving 0.1% tacrolimus ointment. This
patient had no concurrent abnormalities in her blood
chemistries and no symptoms.

Overall, mean and median hematology and chemistry
parameters, including those measuring renal and hepat-
ic function, remained within the normal range through-
out the study. However, 1 patient receiving 0.03%
tacrolimus ointment had a transient elevation of her
serum creatinine to 1.4 mg/dL (normal, <0.8 mg/dL) on
treatment day 4, which normalized (0.6 mg/dL) by day
7 despite continued treatment (Table II). She was noted
to have a concurrent viral illness with diarrhea (days 4 to
8), suggesting a component of dehydration. Her
tacrolimus blood levels were consistently below 1
ng/mL (0.06 ng/mL on day 22).

DISCUSSION

This study demonstrates that topically applied
tacrolimus ointment is effective in reducing the signs
and symptoms associated with atopic dermatitis in chil-
dren. Each of the 3 tacrolimus concentrations studied
was significantly better than vehicle in all of the effica-
cy parameters evaluated. Improvements were frequently
observed within the first week of treatment. No statisti-
cal differences were found among the 3 tacrolimus-treat-
ed groups. However, evaluation of individual signs and
symptoms in the head/neck region suggest that the 2
higher concentrations may yield better response (data
not shown). As shown in Fig 3, tacrolimus ointment is an
effective alternative therapy for atopic dermatitis involv-
ing the face and neck, whereas chronic use of topical
corticosteroids can result in cutaneous atrophy and
telangiectasias.

The blood tacrolimus concentrations measured in this
study were all substantially below concentrations that
have been associated with an increased risk of toxicity
(>20 ng/mL) in transplant patients.16 Only 2.8% of the
blood tacrolimus values obtained exceeded 1 ng/mL, and
mean values decreased over time. These findings are con-
sistent with previous reports that topical tacrolimus is
minimally absorbed through affected skin, and systemic
absorption decreases as skin lesions heal.14

No safety concerns were apparent when tacrolimus
ointment was applied for up to 22 days. The mean and
median values for laboratory parameters (other than IgE,

eosinophil, and LDH, which are usually elevated in
atopic dermatitis patients) were within normal range
throughout the study. No serious systemic adverse events
were observed during this study. Although there was no
statistical difference among the 4 treatment groups in
adverse events at the application sites, a greater number
of patients treated with tacrolimus ointment reported
pruritus and skin burning during the study. For the
tacrolimus-treated patients, the prevalence of adverse
events at application sites decreased after the first 4
days. These findings are likely due to rapid healing of
skin lesions associated with continued use of this med-
ication. Treatment with tacrolimus ointment did not
result in an increase in skin infections because only 2
were reported in the study, 1 of which occurred in a
vehicle-treated patient.

The exact mechanism or mechanisms by which
tacrolimus reduces the skin inflammation associated
with atopic dermatitis requires further study. However,
it is well established that tacrolimus is a potent
immunosuppressive agent that interacts with a
cyclophilin-like cytoplasmic protein, FK506 binding
protein, and this complex in turn inhibits the ability of
calcineurin to dephosphorylate the transcription factor,
NFAT, required for activation of IL-2 and IL-4 gene
transcription.17,18 Consequently, IL-2 synthesis and T-
cell proliferation is inhibited. Tacrolimus also inhibits
the transcription and release of other T cell–derived
cytokines, such as IL-3, IL-4, IFN-γ, TNF-α, and GM-
CSF, which are known to contribute to allergic inflam-
mation.19,20 Of note, other cell types important in aller-
gic skin inflammation, including mast cells, basophils,
eosinophils, keratinocytes, and Langerhans’ cells, have
tacrolimus (FK506)–binding proteins and downregulate
their mediator or cytokine expression after treatment
with tacrolimus.21-23

Relevant to atopic dermatitis, in a study by Nakagawa
et al12 skin biopsy specimens from patients with atopic
dermatitis taken after 3 and 7 days of treatment with top-
ical tacrolimus showed markedly diminished T-cell and
eosinophilic infiltrates. It has been suggested that the
therapeutic effects of this agent may be due to inhibition
of IL-4 and IL-5 gene transcription.11 However, recent
studies indicate that the T-cell activation in atopic der-
matitis is biphasic with activation of the TH2-like
cytokines, IL-4, IL-5, and IL-13 during the acute phase
of the eruption.5,6,24 In contrast, the chronic inflammato-
ry atopic dermatitis skin lesion is associated with
increased expression of the TH1-cytokines interferon-γ
and IL-12.5,25,26 Thus the capacity of tacrolimus to inhib-
it the activation of multiple cell types and different
cytokines may account for its ability to effectively reduce
skin inflammation in atopic dermatitis.

In conclusion, we have shown that tacrolimus oint-
ment at 3 different concentrations (0.03%, 0.1%, and
0.3%) was significantly more effective than vehicle in the
treatment of children with moderate-to-severe atopic der-
matitis. Its rapid onset of action, minimal systemic
absorption, safe and efficacious application to the
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APPENDIX

Pediatric Study Group: Mark Boguniewicz, National
Jewish Medical and Research Center, Denver, Colo;
Debra L. Breneman, University of Cincinnati College of
Medicine, Cincinnati, Ohio; Lynn A. Drake, Massachu-
setts General Hospital, Boston, Mass; Frank E. Dunlap,
Argus Research, Tucson, Ariz; Virginia Fiedler, Univer-
sity of Illinois, Chicago, Ill; Jon M. Hanifin, Oregon
Health Sciences University, Portland, Ore; Teri A. Kahn,
Cleveland Clinic, Cleveland, Ohio; Sewon Kang, Uni-
versity of Michigan, Ann Arbor, Mich; Steven E. Kem-
pers, Minnesota Clinical Study Center, Fridley, Minn;
Gerald T. Kilpatrick, Hill Top Research, West Palm
Beach, Fla; Donald Y. M. Leung, National Jewish Med-
ical and Research Center, Denver, Colo; Mark R. Ling,
Emory University School of Medicine, Atlanta, Ga;
Nicholas J. Lowe, Clinical Research Specialist, Santa
Monica, Calif; Anne W. Lucky, Dermatology Research
Associates, Cincinnati, Ohio; Amy Paller, Children’s
Memorial Hospital, Chicago, Ill; Daniel J. Piacquadio,
University of California, San Diego, Calif; Sharon A. S.
Raimer, University of Texas Medical Branch, Galveston,
Tex; Gerald D. Weinstein, University of California,
Irvine, Calif; David G. Wilson, The Education and
Research Foundation, Inc, Lynchburg, Va.
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head/neck region, and few adverse effects support the
therapeutic potential of tacrolimus ointment. Long-term
studies up to 1 year in duration are currently in progress.
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