
Background: Pimecrolimus cream 1% (Elidel, SDZ ASM 981),
a nonsteroid selective inhibitor of inflammatory cytokines, is
effective in the treatment of atopic dermatitis (AD). In this
study we compared early intervention with pimecrolimus
cream with treatment with a vehicle control.
Objective: The purpose of this investigation was to assess
whether early treatment in infants of AD signs/symptoms with
pimecrolimus could influence long-term outcome by prevent-
ing disease flares.
Methods: In this 1-year, double-blind controlled study, 251
infants aged 3 to 23 months with AD were randomized 4:1 to a
pimecrolimus-based regimen (n = 204) or a conventional treat-
ment regimen (n = 47). Both groups used emollients for dry
skin. Early AD signs and symptoms were treated either with
pimecrolimus cream to prevent flares or, in the control group,
with vehicle. Vehicle was used to maintain blinding conditions.
In the event of flares, moderately potent corticosteroid was
permitted in both groups. The primary efficacy end point was
the incidence of flares at 6 months.
Results: Pimecrolimus significantly reduced the incidence of
flares compared with control treatment (P < .001), with 67.6%
versus 30.4% of patients completing 6 months with no flare
and 56.9% versus 28.3% completing 12 months with no flare.
Overall corticosteroid use was substantially lower in the pime-
crolimus group: 63.7% versus 34.8% of patients did not use
corticosteroids at all during the study. Pimecrolimus was also

more effective than control treatment in the long-term control
of pruritus and the signs of AD. There were no clinically sig-
nificant differences in incidence of adverse events between the
2 treatment groups.
Conclusions: Treatment with pimecrolimus of early signs and
symptoms significantly modified the disease course in infants
by reducing the incidence of flares and improving overall con-
trol of AD. Pimecrolimus was safe and well tolerated. (J Aller-
gy Clin Immunol 2002;110:277-84.)
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Atopic dermatitis (AD) is a common inflammatory
skin disease, with an especially high prevalence in chil-
dren and infants.1,2 The prevalence of AD has been
increasing over the past several decades. Among individ-
uals born before 1960, 1.4% to 3.0% have had one or
more episodes of AD compared with 8.9% to 20.4% of
those born after 1970.3 In developed countries approxi-
mately 10% to 15% of children younger than 5 years of
age have AD,3 of whom 48% to 75% present with signs
and symptoms within the first 6 months of life.4,5 Thus
AD has become a disease of public importance, especial-
ly with regard to its effect on the pediatric population.

The current conventional treatment strategy for AD is
emollients for dry skin and reactive use of topical corti-
costeroids for disease flares.6,7 However, topical corti-
costeroids must be used with care because long-term use
can cause skin atrophy and suppression of the hypothal-
amic-pituitary-adrenal axis.8–13

Pimecrolimus cream 1% (Elidel, SDZ ASM 981) was
developed specifically for the treatment of inflammatory
skin diseases.14 At clinically relevant concentrations,
pimecrolimus selectively inhibits activation of T cells
and mast cells, suppressing inflammatory cytokines and
other mediators of the allergic inflammatory reac-
tion.15,16 Pimecrolimus does not have the atrophogenic
potential of topical corticosteroids, and there should be
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no restriction regarding treatment duration on the basis of
safety considerations.17

In this study we investigated whether the early treat-
ment of the signs and symptoms of AD with pime-
crolimus would influence long-term outcome by prevent-
ing progression to disease flares in infants.

METHODS

Study conduct

This study was conducted at 41 centers in 8 countries (Belgium,
Canada, France, Germany, New Zealand, South Africa, Spain, and
the United Kingdom). The institutional review board at each center
approved the protocol, and written informed consent was obtained
from the legal guardians of all study participants.

Study population

In total, 251 infants aged 3 to 23 months with a clinical diagno-
sis of AD according to the criteria of Seymour et al18 were random-
ized to treatment. For the main inclusion and exclusion criteria,
refer to Table I.

Study design

This was a randomized, double-blind, parallel-group, multicen-
ter study. Patients were randomized 4:1, respectively, to receive
either a pimecrolimus cream–based treatment regimen or a conven-
tional control treatment regimen for up to 12 months to facilitate
recruitment.

The study treatment scheme is shown in Fig 1. For long-term
management of AD, parents and caregivers were to apply study
medication (ie, pimecrolimus cream or vehicle) to affected areas
twice daily to treat at the first signs (ie, erythema) or symptoms (ie,
pruritus) of AD to prevent the progression to flare. Study medica-
tion was to be used on affected areas twice daily until complete
clearance of signs and symptoms. In addition to study medication,
emollients and moderately potent topical corticosteroids were man-
dated. Emollients were used in both groups to treat dry skin. Mod-
erately potent topical corticosteroids were allowed in both groups
for flares not controlled by study medication (ie, at least severe ery-
thema and severe infiltration-papulation; Investigators’ Global
Assessment19 [IGA] score of ≥4, the IGA being a static [ie, no ref-
erence to the baseline state] 6-point measure of disease severity
based on overall assessment of skin lesions) and were to be admin-
istered until clearance or until the maximum treatment duration
allowed by the local country label was reached. Treatment with cor-
ticosteroid was followed by a week of treatment with study med-
ication for residual disease. In each participating country, one spe-
cific topical corticosteroid was selected for use. The corticosteroids
used were 0.02% difluprednate cream, 0.1% hydrocortisone
butyrate cream, 0.05% clobetasone butyrate cream, 0.02% triamci-
nolone acetonide cream, and 0.2% hydrocortisone valerate cream.

The control group received a conventional treatment: regular
skin care with emollients and short-term treatment of flares with
moderately potent topical corticosteroids. Vehicle instead of pime-
crolimus was used in the control group to maintain blinding condi-
tions. Patients whose AD flares were not controlled by the topical
corticosteroid could leave the study.

Blinding

The study blinding was preserved by using study medication (ie,
pimecrolimus cream or corresponding vehicle) of identical appear-
ance and odor. The results of the 6-month part of this study were
reported to the US Food and Drug Administration as an update to a
New Drug Application submission, but personnel unblinded for this
report had no further contact with study centers or with data-han-
dling personnel. The blinding conditions were strictly maintained
for all site-monitoring and data-management personnel at all times.

Primary and secondary outcome measures

The primary efficacy end point was the incidence of flares of AD
at 6 months (described in detail in the “Statistical analysis” section).
The incidence of flares was chosen as the primary efficacy end point
because of its robustness, simplicity, and clinical relevance. A flare
of AD was defined in cases in which, at a scheduled or unscheduled
visit, the IGA score was assessed as 4 or 5 (ie, at least severe ery-
thema and severe infiltration-papulation). For the purpose of the
analysis and to ensure that each flare was a clearly separate event,
the definition of a flare also required that corticosteroid therapy had
to begin within 3 days of such a visit and be preceded by at least 7
days without corticosteroid use.

In addition, a series of secondary outcome measures were
assessed, including IGA score, Eczema Area and Severity Index
(EASI),20 and caregivers’ assessments of pruritus and the level of
overall disease control. Pruritus was assessed by the primary care-
giver for the 24 hours before each study visit by using a scale rang-
ing from 0 (none) to 3 (severe), and caregivers were asked to assess
the level of control over the 7 days before each visit according to a
4-point scale, ranging from 0 (complete control), through 1 (good
control), 2 (limited control), and 3 (uncontrolled dermatitis). The
IGA score, pruritus severity assessment, and the caregiver assess-
ment results were dichotomized for analysis into treatment success
(score of 0 or 1) and treatment failure (all other scores).

All adverse events occurring during the study were recorded.
Physical examination and standard hematology, blood chemistry,
and urinalysis tests were performed throughout the study.

Statistical analyses

Statistical analyses were performed on the intent-to-treat popu-
lation, defined as all randomized patients to whom study medication
was dispensed.

For the primary efficacy analysis, the incidence of flares was
ranked. Patients who discontinued were considered to have poorer
control of AD than those who stayed in the study, which is in accor-
dance with the method described by Gould.21 Subjects discontinu-
ing in their first 6 months in the study were ranked according to the
number of flares they experienced over unit time in the study,
whereas subjects completing 6 months in the study were ranked
according to the number of flares recorded. The null hypothesis of
no treatment difference was tested with the Wilcoxon rank sum test
adjusted for center (Van Elteren test), with the 2-sided significance
level set at 5%. This primary method of ranking was chosen because
it took discontinuation into account, ranking discontinued patients
according to the number of flares experienced per unit time in the
study. All analyses were repeated on the 12-month data.

A sample size of 250 subjects with a pimecrolimus/vehicle ratio
of 4:1 was sufficient to show a doubling of the proportion of subjects
with 2 or fewer flares in 6 months from 25% to 50% by using the
Wilcoxon rank sum test at an α value of 5% (2-sided significance
with a power of >80%). Power was estimated by using simulations
on one scenario. The percentage of rejections of the null hypothesis
obtained from 1000 data sets provided the power estimation.

Efficacy according to the IGA, EASI, pruritus, and caregiver
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assessment scales was evaluated by means of intent-to-treat analy-
sis, with the last observation carried forward used to impute miss-
ing data, including end points.

Cumulative survival curves investigating time to first flare were
constructed by using the Kaplan–Meier method.22 The EASI was
analyzed by using analysis of covariance, with the EASI at end
point as the response and with treatment effect, center, and baseline
EASI fitted. The following analysis of covariance model was fitted:

Response = Treatment + Center + EASI baseline.
Safety was assessed by comparing incidence rates of adverse

events between the treatment groups. A time-to-event analysis was
performed to determine the adjusted incidence of adverse events to
account for the difference in duration of follow-up between the 2
treatment groups. Adverse events were coded with the MedDRA
dictionary.

RESULTS

Patients

In total, 251 patients from 39 centers were random-
ized, of whom 204 were randomized to the pime-
crolimus-based treatment regimen and 47 to the conven-
tional treatment control group. A flow diagram of patient
accounting and treatment outcome is provided in Fig 2.

The demographic and clinical characteristics of the
patients are summarized in Table II. There were no clin-
ically significant demographic differences between the 2
groups. In terms of baseline disease severity, the 2 groups
were also similar, with a mean affected body surface area
of 27.3% in the pimecrolimus group and 28.8% in the
control group at baseline. The majority of patients in
each group had moderate AD at baseline.

The mean ± SEM duration of follow-up was 321.3 ±
7.78 days in the pimecrolimus group and 263.3 ± 22.50
days in the control group. Almost twice as many patients
withdrew in the control group than in the pimecrolimus
group (34.8% vs 15.7%, respectively) in the first 6
months of the study, a trend that was maintained for the
duration of the study (39.1% vs 24.5% at 12 months,
respectively; P = .016, log-rank test on time to discontin-
uation). Significantly more patients in the control group
than in the pimecrolimus group discontinued because of
unsatisfactory therapeutic effect (30.4% vs 9.3% at 6
months and 32.6% vs 10.3% at 12 months, respectively).

Furthermore, the longer a patient remained in the study,
the less often study medication had to be used to maintain
disease control. The frequency of use of pimecrolimus for
control of disease declined markedly the longer patients
were in the study. From day 9 to day 29, patients used the
treatment 75.2% of the time on average; from day 100 to
day 183, this had declined to 51.7%, and from day 183 to
the end of the study, it had declined to 47.8%.

Efficacy

As summarized in Fig 3, pimecrolimus treatment was
associated with a significantly lower incidence of flares
than conventional treatment (P < .001, Van Elteren test).
In particular, 67.6% (95% CI, 61.2%-74.1%) of pime-
crolimus-treated patients completed 6 months on study
without a flare compared with 30.4% (95% CI, 17.1%-
43.7%) of patients in the control group. This trend was

maintained for the duration of the study: 56.9% (95% CI,
50.1%-63.7%) of patients in the pimecrolimus group
completed 12 months in the study without a flare com-
pared with 28.3% (95% CI, 15.2%-41.3%) in the control
group. For patients who completed 6 and 12 months in
the study, the absolute risk reduction23 for flare was
37.2% and 28.2%, respectively. Fewer flares were
observed in the pimecrolimus group, regardless of base-
line disease severity. The absolute risk reduction for
patients with baseline severity of mild, moderate, and
severe or very severe who completed 6 months without a
flare was 38.7%, 35.9%, and 33.3%, respectively, and
therefore even patients with severe disease derived bene-
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FIG 1. Study treatment scheme.

FIG 2. Flow diagram of treatment outcome.
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fit from treatment. The analysis of time to first flare
showed that treatment with pimecrolimus was associated
with a significantly longer flare-free period (P < .001,
log-rank test; Fig 4). In addition, the mean number of
flares per unit time was lower in the pimecrolimus group
than in the control group (1.0 vs 2.2 per 12 months; P <
.001, Van Elteren test).

In total, 130 (63.7%) patients in the pimecrolimus
group did not use a corticosteroid during the study com-
pared with 16 (34.8%) patients in the control group. The
proportion of study days on corticosteroid treatment was
3.2% in the pimecrolimus group compared with 6.2% in
the control group.

The response of patients, as assessed by means of IGA,
is summarized in Fig 5. By day 8 (the first postbaseline
visit), an IGA score of 0 or 1 (clear or almost clear skin)
had been achieved in 44.6% of pimecrolimus-treated
patients compared with only 8.7% of patients receiving
control treatment (P < .001). The maximum benefit was
achieved by approximately day 22 in the pimecrolimus
group compared with month 3 in the control group, and
the magnitude of the effect was greater in the pime-
crolimus group (54.9% vs 39.1% achieving an IGA of 0
or 1 by day 22, P = .034). At month 6, a significantly
higher number of pimecrolimus-treated patients also had
clear or nearly clear skin compared with those receiving
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TABLE I. Main inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Diagnosis of AD according to the criteria of Seymour et al18 Patients who had the following:
AD affecting at least 5% of total body surface area • phototherapy or systemic therapy known or suspected to affect AD
IGA score of ≥2 ≤1 mo before the first application of study medication,

• topical therapy known or suspected to affect AD ≤7 days before the
first application of study medication, and

• systemic antibiotics ≤2 weeks before the first application of study
medication.

Patients who:
• were immunocompromised or had a history of malignant disease,
• had active skin infections,
• had other infections that required treatment with prohibited

medications (ie, generally medication that could affect a patient’s AD),
and

• had other skin conditions that could affect the evaluation of study
treatment.

FIG 3. Incidence of flares of atopic dermatitis at 6 and 12 months.



J ALLERGY CLIN IMMUNOL

VOLUME 110, NUMBER 2

Kapp et al 281

control treatment (52.9% and 37.0%, respectively; P =
.03). Even at month 12, although not statistically signifi-
cant, a higher number of patients in the pimecrolimus
group (53.9%) had clear or nearly clear skin compared
with 47.8% of patients in the control group.

The superior clinical response in the pimecrolimus
group compared with that in the control group, as mea-
sured by means of EASI, pruritus, and caregiver assess-
ment, is summarized in Table III.

Safety

Both treatments were well tolerated, and with the
exception of viral infection not otherwise specified as to
type, which was more common in the control group,
there were no clinically significant differences between
the treatment groups with respect to incidence of com-
mon adverse events (Table IV).

Local tolerability was good in both treatment groups.
The incidence of application site reactions was low in
both groups (6.5% vs 14.7%, pimecrolimus vs control),
and there were no significant differences between the
treatment groups (P = .104).

In total, 27.0% of pimecrolimus-treated patients and
27.6% of patients in the control group had at least one
skin infection by the end of the study (P = .728). With
the exception of viral rash not otherwise specified as to
type and erysipelas, both of which were more common
in the control group, there were no significant differ-
ences between the treatment groups in terms of adjusted
incidence or time to first event for any skin infection
(Table V).

No clinically relevant laboratory abnormalities were
observed during the study.
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TABLE II. Baseline demographic and clinical characteris-
tics

Pimecrolimus Control

(n = 204) (n = 46)

Age, mo (range) 12.2 (3-23) 11.8 (2-23)
Age distribution, %

<1 y 47.1 45.7
>1 y 52.9 54.3

Sex, %
Male 66.7 60.9
Female 33.3 39.1

Total body surface area involved, %
Mean 27.3 28.8
Range 1.4†-95.0 3.0†-80.0

EASI*
Mean 12.3 12.6
Range 1.2-58.0 1.6-45.5

IGA score, %
1 (almost clear) 0 0
2 (mild disease) 32.8 39.1
3 (moderate) 57.4 47.8
4 (severe) 8.3 10.9
5 (very severe) 1.5 2.2

*EASI is a composite, validated scoring system objectively assessing both
the severity of the 4 key signs of AD (ie, erythema, induration-papulation,
excoriations, and lichenification) in the 4 EASI body regions (ie, head and
neck, trunk, and upper and lower limbs) and the surface area involvement.
We combed results from each region to give a total score of 0 to 72, which
was age adjusted for the percentage of each body area involved.
†Eleven patients in the pimecrolimus group and 3 patients in the control had
a baseline area involvement of less than 5%; most had just slightly less than
5%. For all analyses, total body surface area involvement was calculated by
using the area component of EASI; however, when including patients in the
study, investigators used a simple algorithm to check compliance with the
5% total body surface area involved inclusion criterion. The palm of the
subject’s hand was taken to be approximately 1% total body surface area. 

FIG 4. Kaplan-Meier analysis of time to first flare.



282 Kapp et al J ALLERGY CLIN IMMUNOL

AUGUST 2002

DISCUSSION

This study demonstrates that a treatment strategy on the
basis of early intervention with pimecrolimus twice daily
for preventing flares and reducing dependence on corticos-
teroids was safe and provided superior disease control in
infants with AD compared with a conventional regimen of
emollients and moderately potent corticosteroids. In partic-
ular, pimecrolimus treatment was associated with a clini-
cally significant effect on the course of the disease over 12
months, including a lower incidence of flares and better
control of AD signs and symptoms. An imbalance caused
by the premature discontinuation as a result of unsatisfac-
tory therapeutic effect in the control group of patients with
severe disease and the much higher level of corticosteroid
consumption in the control group might largely explain the
lack of significance between the treatment groups, as

assessed by means of EASI from month 6 onward and by
the pruritus severity assessment at month 12. To our knowl-
edge, this is the first large, randomized controlled study
focusing on the long-term efficacy and safety of therapeu-
tic intervention in AD in infants.

Although more than 50% of all AD cases start in
infancy, very little research has focused on therapeutic
intervention in this age group.24 AD is a chronic disease
that can severely affect quality of life25 and the
infant–parent relationship. Therefore early therapeutic
intervention with a view to preventing flares might be
particularly advantageous in this patient group.

The treatment of AD in infants is complicated by phar-
macokinetic considerations specific to this age group.
Infants are known to be more sensitive than adults to sys-
temic side effects after topical application of drugs
because of the greater surface area/weight ratio.26 This
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FIG 5. Number of patients with IGA score of 0 or 1 (clear or almost clear skin).

TABLE III. Change in EASI, pruritus, and caregiver assessment scores between baseline and month 12

Pimecrolimus (n = 204) Control (n = 46) P value

EASI mean total score
Baseline 12.3 12.6
Day 43 3.9 7.7 <.0001
Month 6 5.0 6.9 .076
Month 9 4.7 6.7 .078
Month 12 5.0 5.9 .487
Change from baseline –7.3 –5.7

Pruritus score 0 or 1 (none or mild)
Baseline, n (%) 68 (33.3) 13 (28.2)
Day 43, n (%) 156 (76.5) 27 (58.7) .016
Month 6, n (%) 149 (73.0) 25 (54.4) .008
Month 9, n (%) 154 (75.5) 26 (56.6) .009
Month 12, n (%) 157 (77.0) 29 (63.1) .074

Caregiver assessment score 0 or 1 (complete or good disease control)
Baseline 33 (16.2) 5 (10.9)
Day 43 152 (74.5) 25 (54.4) .013
Month 6 144 (70.6) 23 (51.0) .016
Month 9 150 (73.5) 26 (56.5) .058
Month 12 145 (71.0) 29 (63.0) .337
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higher risk of systemic absorption in infants has been
well documented for topical corticosteroids.27 Signifi-
cant effects on the hypothalamic-pituitary-adrenal axis
have been reported after applications of even mild topi-
cal corticosteroids in infants.13,28 Disease extent and
patient age have been identified as important risk factors
for systemic absorption of topical corticosteroids, with
young pediatric patients with extensive AD being at most
risk.28 Because of the risk of adrenocortical suppression
with long-term use in infants, topical corticosteroids are
generally only used in short courses to treat acute flares,
followed by maintenance treatment with emollients.6,7,29

This conventional treatment approach has been shown to
be effective for the short-term amelioration of signs and
symptoms of AD. The long-term course of AD, however,
is not affected, and many patients are not satisfied with
current treatment options.30-32

Pimecrolimus is a nonsteroid selective inhibitor of
activation of T cells and mast cells. Pharmacokinetic
studies in pediatric patients have shown that systemic
absorption of pimecrolimus is low, even in infants with
large body surface area involvement.33 This low level of
systemic absorption might be explained by the pro-
nounced lipophilicity of the molecule and by its high
molecular weight.14,16 Consequently, neither skin atro-
phy nor any of the systemic side effects associated with
corticosteroids are expected with pimecrolimus.

In this study treatment in the pimecrolimus group was
well tolerated, and notably, there were no significant dif-
ferences between treatment groups with respect to the
incidence of skin infections.

In conclusion, this study has demonstrated that pime-
crolimus cream applied twice daily is safe and effective in
the treatment of AD in infants aged 3 to 23 months. Early
intervention with pimecrolimus to prevent progression to
disease flare was proven to be significantly more effective
than conventional management with emollients and mod-
erately potent corticosteroids in modifying the long-term
course of AD. Notably, in 57% of the infants, AD could be

managed for 12 months without a flare and without having
to resort to topical corticosteroids. Therefore pimecrolimus
has the potential to establish a new and more effective
approach to the management of AD, particularly in infants,
for whom there are currently few treatment options.
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TABLE IV. Adjusted incidence of common treatment
emergency adverse events

Pimecrolimus, Control,

Adverse event % (n = 204) % (n = 46)

Nasopharyngitis 56.9 46.2
Pyrexia 44.8 40.5
Teething 31.6 32.8
Diarrhea NOS 27.6 26.3
Upper respiratory tract infection NOS 27.3 25.3
Cough 26.0 16.5
Rhinitis NOS 24.0 15.8
Ear infection NOS 21.7 20.8
Chickenpox 19.6 15.6
Vomiting NOS 16.1 8.2
Otitis media NOS 14.9 15.5
Gastroenteritis NOS 14.8 14.9
Bronchitis NOS 14.6 16.2
Conjunctivitis NOS 13.9 13.9

NOS, Not otherwise specified.

TABLE V. Adjusted incidence of bacterial and viral skin
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NOS, Not otherwise specified.
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