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Abstract

Background—Atopic dermatitis (AD) is often the first step in the atopic march leading to the
development of asthma or allergic rhinitis. The goal of this study was to determine whether early
intervention with pimecrolimus limits the atopic march in infants with AD and to evaluate its
efficacy and safety.

Methods—This was a 3-year double-blind study in which patients were randomized to
pimecrolimus or vehicle and then open-label pimecrolimus for a planned further 3 years. Rescue
topical corticosteroid was permitted if 3 days of study medication led to no improvement;
investigators made decisions on rescue medication until week 14 and caregivers thereafter.
Efficacy assessments included disease-free days, Eczema Area and Severity Index, and body
surface area affected.

Results—Infants ages 3 to 18 months with recent-onset AD (<3 months) were observed for a
mean of 2.8 years (V= 1,091). No significant differences between pimecrolimus- and placebo-
treated groups were found in the percentage of patients with AD who developed asthma (10.7%)
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or other allergic conditions (allergic rhinitis, 22.4%; food allergy, 15.9%; allergic conjunctivitis,
14.1%; one or more atopic comorbidities, 37.0%) by study end. Allergic rhinitis, food allergy, and
having one or more atopic comorbidities (but not asthma or allergic conjunctivitis alone)
developed significantly more often in infants with greater AD severity at baseline. Pimecrolimus
was significantly more effective than vehicle for AD treatment at week 14. Adverse event
incidences were similar.

Conclusions—This longitudinal observation of infants with AD provides evidence of the atopic
march. Pimecrolimus was safe and effective in infants with mild to moderate AD.

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing, pruritic skin disorder that is common during
infancy and childhood (1). It is often the first step in the atopic march leading to the
development of asthma or allergic rhinitis (2). Early and effective treatment of AD could
theoretically interrupt the atopic march and decrease the risk of asthma (3).

Pimecrolimus 1% cream, a topical calcineurin inhibitor, is safe and effective for treating AD
in infants (4-9). The Study of the Atopic March (SAM) aimed to prospectively investigate
whether early intervention with pimecrolimus was able to limit the atopic march and, in
particular, reduce the risk of developing asthma in a large population of U.S. infants with
AD and effectively treat AD as assessed using well-established parameters (Eczema Area
and Severity Index (EASI), body surface area involved). SAM established a large database
of infants with AD who were prospectively assessed for the development of allergic
comorbidities. The study provides longitudinal data about the atopic march and, given the
large size of this cohort, makes a major contribution to understanding of the safety of
pimecrolimus in infants with AD.

MATERIALS AND METHODS

Patients

Infants ages 3 to 18 months with an AD diagnosis (American Academy of Dermatology
Consensus Conference criteria (10)), clinical evidence of AD of 3 months or less duration, a
family history of atopy (one or more parents or siblings), and at least mild AD (Investigator
Global Assessment [IGA] score of 2 or greater; 0 = clear, 5 = very severe) were eligible.
Patients receiving topical tacrolimus or any topical agent with a possible effect on AD within
7 days, daily treatment with antihistamines, or other systemic therapy (e.g.,
immunosuppressive medications, leukotriene antagonists) within 1 month before first study
drug application were excluded. Legal guardians of eligible patients provided written
informed consent.

Study Design

SAM (NCT00124709) was conducted from October 2003 to November 2008 in accordance
with the principles of the Declaration of Helsinki (2002). The Institutional Review Board for
each center approved the study protocol.

Pediatr Dermatol. Author manuscript; available in PMC 2017 October 20.
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In the initial 3-year double-blind phase of SAM, eligible patients were randomized 1:1 to
pimecrolimus or vehicle (identical appearance and odor). Patients without a definitive
diagnosis of asthma continued into the open-label phase for as-needed treatment with
pimecrolimus for 3 years or until 6 years of age, whichever came first. A stepwise approach
to AD treatment was used in which disease severity dictated treatment choice (Fig. 1).
Rescue therapy with topical corticosteroid (TCS; fluticasone propionate 0.05% cream;
referred to as Treatment Step 3a) was permitted if 3 days of study medication led to no
improvement, with investigators making decisions until week 14 and caregivers thereafter
(training provided at the randomization visit). Daily application of emollients on healthy and
inflamed skin was encouraged. Twelve study visits were scheduled in the double-blind phase
and a maximum of six visits in the open-label phase.

Data Collection

Primary caregivers recorded evidence of active AD, number of affected body areas (range 0—
24), severity of erythema (scale 0-3) and pruritus (scale 0-3), treatment used (including
rescue TCS), and symptoms of suspected noncutaneous atopic conditions, including food
allergy, allergic rhinitis, allergic conjunctivitis, and asthma, in an electronic diary once daily
to weekly (summary data entry permitted caregivers to record data for up to 126 days).
Investigators reviewed the e-diary records and discussed them with caregivers. Diagnoses of
asthma (11,12), food allergy (13), allergic rhinitis (14), and allergic conjunctivitis (14) were
made using standard criteria.

Investigator assessments of efficacy included IGA of disease severity, total body surface area
(TBSA) affected (0-100%), total EASI score (0-72 scale), and subscores according to body
region (head and neck, upper limbs: 0-14 scale; trunk, lower limbs: 0-22 scale). Adverse
events (AEs) were recorded throughout the study.

Efficacy Endpoints

Three coprimary efficacy variables were based on caregiver-provided e-diary data:
proportion of disease-free days in Treatment Step 2 (pimecrolimus or vehicle) or Treatment
Step 1 (emollient only; Fig. 1), proportion of disease-free days in Treatment Step 1 only, and
longest duration of remission. The fourth coprimary efficacy variable was percentage of
patients diagnosed with asthma by 6 years of age.

Secondary efficacy variables were (i) change from baseline in total EASI score; (ii) change
frombaseline in TBSA affected; (iii) number of days of rescue treatment (Treatment Steps
3a, 3b, 4); percentage of patients with (iv) food allergy, (v) allergic rhinitis, (vi) allergic
conjunctivitis, and (vii) one or more atopic comorbidities (post hoc analysis); mean (viii)
pruritus and (ix) erythema scores; (X) number of affected body areas; and (xi) percentage of
patients with an IGA of 0 or 1.

The protocol specified that the study be discontinued if coprimary efficacy variables did not
reach statistical significance. SAM was terminated early based on an independent advisory
board recommendation after review of the double-blind phase results.
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Statistical Methods

Approximately 1,100 randomized patients (550 per treatment group) were required for
efficacy analyses based on the percentage of patients diagnosed with asthma by 6 years of
age (30% in the pimecrolimus group, 45% in the and control group). An allocation ratio of
1:1, a two-sided Z-test with a continuity correction, a two-sided significance level of 0.05,
and statistical power of 0.90 provided a total sample size of 460 patients. Incorporating a
dropout rate of 0.35, it was determined that approximately 708 patients were needed.
Further, by considering patients who dropped out as having been diagnosed with asthma by
6 years of age, approximately 1,100 patients (~708/[1-0.35]) were to be randomized
(15,16).

Statistical analyses were performed using SAS versions 8.2 and 9.2 (SAS Institute, Cary,
NC). All statistical tests were conducted against a two-sided alternative hypothesis using a
0.05 significance level. The safety population included all randomized patients who were
dispensed study medication. The intent-to-treat (ITT) population included all randomized
patients who were dispensed study medication and had one or more postbaseline efficacy
measurements.

The first three coprimary efficacy endpoints were analyzed using an analysis of covariance
(ANCOVA) model with treatment, center, sex, baseline age, baseline total EASI score, and
baseline TBSA affected as explanatory variables; secondary analyses of these variables were
performed using the van Elteren test, adjusting for center and sex (17). Secondary efficacy
variables i through iii and viii through x were analyzed using the ANCOVA model (and the
van Elteren test for variable iii). Secondary efficacy variables iv through vii and the
percentage of patients with asthma were analyzed at double-blind and open-label treatment
phase completion using the Cochran—-Mantel-Haenszel test, adjusting for baseline IGA,
center, and age, as was secondary efficacy variable xi up to double-blind phase completion,
adjusting for center and sex (17). An exploratory post hoc analysis evaluated the proportion
of patients who developed atopic comorbidities according to their baseline AD severity (IGA
1 or 2 vs =3) using logistic regression with treatment, sex, and baseline IGA severity
subgroup.

RESULTS

Patients

A total of 1,091 patients were randomized in this study: 546 to pimecrolimus and 545 to
control (Fig. 2). Of these, 469 entered the open-label phase. The mean follow-up was 2.8
years for the entire study and 1.2 years for the open-label phase. The treatment groups had
similar baseline characteristics. Most patients were 3 to 12 months of age, and
approximately half had mild AD (Table 1).

Of the 497 patients who withdrew consent (1= 263) or were lost to follow-up (7= 234)
during the double-blind phase, 44% left the study between February 2005, when the U.S.
Food and Drug Administration first considered a boxed warning for pimecrolimus, and early
2006, when the warning was implemented. Comparing characteristics of patients who did
and did not complete the double-blind phase showed that a greater proportion of completers

Pediatr Dermatol. Author manuscript; available in PMC 2017 October 20.
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were Caucasian and a lower proportion were black in both treatment groups. Furthermore, a

greater proportion of completers treated with pimecrolimus had moderate disease (45.7%)
than of those treated with control (35.2%; Table 1).

Atopic Comorbidities

Efficacy

Safety

Of infants in the ITT population (7= 1,065), 9.5% developed asthma and 33.3% one or more
atopic comorbidities (allergic rhinitis, food allergy, allergic conjunctivitis, asthma) by the
end of the double-blind phase (Table 2). By study end, 10.7% had developed asthma and
37.0% one or more atopic comorbidities. No significant differences between the
pimecrolimus- and placebo-treated groups were found in the percentage of patients who
developed asthma (9.5%) or other allergic conditions (allergic rhinitis, 18.5%; food allergy,
14.9%; allergic conjunctivitis, 11.9%, one or more atopic comorbidities, 33.3%) during the
3-year double-blind period, after correcting for baseline severity, center, and age (Table 2
and Fig. 3A). A significantly greater percentage of pimecrolimus-treated patients developed
one or more atopic comorbidities after correcting for center and age only (data not shown).
Similar results were observed in an analysis of patients who completed the double-blind
phase of the study (n7=564), although the percentage of patients with asthma (13.8%), other
individual atopic conditions (17.2%-25.9%), or one or more atopic comorbidities (46.6%)
was higher than in the ITT population (Table 2). Allergic rhinitis, food allergy, and having
one or more atopic comorbidities, but not asthma or allergic conjunctivitis, developed more
often in the double-blind phase and during the entire study in children with greater baseline
AD severity (Table 2 and Fig. 3B). The mean age * standard deviation at onset of atopic
comorbidities was 1.8 + 1.0 years for food allergy, 2.2 + 1.1 years for asthma, 2.3 + 1.3
years for allergic conjunctivitis, and 2.4 + 1.3 years for allergic rhinitis.

Pimecrolimus was significantly more effective than vehicle for treating AD at week 14,
when investigators were deciding about rescue treatment initiation (Table 3). By the next
assessment (week 27, when caregivers had been deciding about initiating TCS rescue for 13
weeks) through the end of the double-blind phase, few significant differences between the
treatment groups were evident. EASI scores for the head and neck remained significantly
better for the pimecrolimus group throughout the double-blind phase. Fewer steroid-rescue
days were required during the double-blind phase for pimecrolimus than for controls
(median 32 vs 49 days; p = 0.20 from ANCOVA, p = 0.002 from van Elteren test).

AEs and serious AEs occurred at similar frequencies in the two treatment groups (Table 4).
Most AEs were mild and were infections or atopic conditions.

DISCUSSION

SAM provides longitudinal data about the atopic march and development of atopic
comorbidities in more than 1,000 infants with AD, 54% of them followed for 3 years or
longer, with 32% of those followed for 4 years or longer. The study further confirms the
efficacy and safety of early intervention with pimecrolimus that has been seen in other short-
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and long-term investigations; most recently, the Petite study showed no effect on immune
system development during the first 5 to 6 years of life (4-9). SAM provides valuable
information about the prevalence of developing atopic comorbidities in a large, well-studied
patient base. Approximately 11% of the 1,091 infants (mean age 3.4 years at study end)
developed asthma, 14% to 22% developed other atopic conditions, and the development of
allergic rhinitis and food allergy correlated with baseline AD severity, providing evidence of
the atopic march.

The rates of atopic comorbidities observed in SAM are lower than those reported in other
studies. For example, a systematic review of eczema cohort trials reported an asthma
prevalence of 29.5% at age 6 years (18). In a cross-sectional study of 2,270 children with
AD, 66% had one or more atopic comorbidities by age 3 years (19). The lower rates of
asthma and other atopic conditions in SAM could be due to study treatment interventions or
that patients mainly had mild to moderate disease, given the putative link between AD
severity and the development of atopic comorbidities (20). The nonsignificantly marginally
higher incidence of asthma in the pimecrolimus group may have resulted from the slightly
higher proportion at baseline of patients with moderate AD than in the control group. The
temporal order of onset of atopic comorbidities (food allergy, then asthma, then allergic
rhinitis) was in agreement with previous observations (21).

The unexpectedly high discontinuation rate (48%) dramatically reduced the power of this
investigation in addressing whether pimecrolimus affected the atopic march. Given the long
duration of the double-blind arm, we allowed rescue with fluticasone, one of the few topical
corticosteroids indicated for infants with AD at the time of study design. This early initiation
of a midpotency TCS after only 3 days of pimecrolimus, coupled with empowering
caregivers to decide on the need for rescue, may have obscured differences in allergic
comorbidities and other efficacy endpoints.

The findings of SAM suggest that long-term studies in AD should have simpler designs,
with treatment decisions by investigators rather than caregivers. Investigations to determine
whether early and aggressive antiinflammatory topical intervention decreases or delays the
occurrence of the atopic march, or diminishes the severity of atopic comorbidities, are
challenging because of the ethical imperative to treat infants with this uncomfortable, life-
altering disorder.
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Disease not controlled under step 3b Step 4 Oral or other
(to be initiated by investigator) P41 rescue medication

Disease not controlled under step 3a
(to be initiated by investigator) ﬁ p3b

Pimecrolimus b.i.d
or Vehicle b.i.d

Potent TCS o.d.
(at investigators’s
discretion only)

- Physician care

Disease not controlled under step 2 Step 3a Pimecrolimus b.i.d
within 3 days P or Vehicle b.i.d

medium-strength TCS o.d.
(first 3 months at investigator’s discretion and then
after 3 months can be administered by caregiver)

g Pimecrolimus b.i.d Patient / caregiver
Earl d t f AD » . r
ALl SIS AN eymprorms o Stop2 or Vehicle b.i.d self-management
Dry skin only /Step 1| Emollient
Figure 1.

Dose escalation scheme. All patients received emollient only during Treatment Step 1.
During Treatment Step 2, patients were randomized 1:1 to twice-daily pimecrolimus 1% or
vehicle-only cream. Patients received add-on once-daily TCS in Treatment Step 3a (medium
strength) or Treatment Step 3b (potent). With severe disease exacerbations, an oral agent
was used in Treatment Step 4. AD, atopic dermatitis; TCS, topical corticosteroid.
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Di illod pp57
Adverse event(s), n=3
Unsatisfactory therapeutic
effect, n=5
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Lost to follow-up, n=114

y
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\
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y

Unsatisfactory therapeutic
effect, n=10
Protocol violation, n=5
Withdrew consent, n=136
Lost to follow-up, n=120

Entered open-label phase

n=234

Entered open-label phase

n=235

Discontinued, n=23
Protocol violation, n=2
Withdrew consent, n=10
Lost to follow-up, n=11

<4

\

y

\

y

Discontinued, n=17
Protocol violation, n=1
Withdrew consent, n=5
Lost to follow-up, n=11

Completed study®, n=9
Turned 6 years old, n=2
Asthma diagnosis, n=7

Completed study®, n=7
Turned 6 years old, n=1
Asthma diagnosis, n=6

Discontinued due to early
study termination, n=202

Discontinued due to early
study termination, n=211

Figure 2.
Patient disposition. *Safety population included all randomized patients who were dispensed

study medication. TIntent-to-treat (ITT) population included all randomized patients who
were dispensed study medication and had one or more postbaseline efficacy measurements.
$Study was terminated early based on independent scientific advisory board
recommendation of the double-blind phase results (i.e., the proportion of disease-free days
in Treatment Step 2 [pimecrolimus or vehicle] or Step 1 [emollient] did not reach statistical
significance).
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Development of atopic comorbidities (A) in the intent-to-treat (ITT) population and (B)

according to baseline Investigator Global Assessment (IGA). *p < 0.05. At the end of the
double-blind (DB) phase, patients in the pimecrolimus 1% cream (Pim) group continued
treatment and those in the control group changed to Pim. AC, allergic conjunctivitis; AR,

allergic rhinitis.
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