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Abstract
Background Hydration with topical emollients forms the backbone of treatment for mild atopic dermatitis (AD), but few

randomized controlled trials have assessed their efficacy in young children.

Objectives Assess the efficacy and tolerability of long-term emollient therapy in the treatment of moderate to severe

xerosis in young children with AD.

Methods This was a phase III, multicentre, double-blind, randomized, vehicle-controlled trial. Children (n = 251) aged

2–6 years with AD-associated xerosis were randomized 1 : 1 to a 28-day treatment with an emollient combining glycerol

and paraffin or its vehicle. Non-responders at the end of the double-blind period were treated open label with emollient

until day 84. Responders stopped treatment until reassessment on day 56. Those who relapsed after stopping treatment

were treated open label with emollient until day 84.

Results During the double-blind period, xerosis score (XS) of the scoring atopic dermatitis (SCORAD) index, objective

SCORAD and visual analogue score decreased and skin hydration increased more in the emollient group than in the

vehicle group (P < 0.001 for all measures). More patients were responders with emollient than with vehicle (66.1% vs.

45.6%, P < 0.001). During the open-label period, stopping emollient treatment led to relapse but improvement returned

if treatment was restarted with emollient. Regular use of the emollient also yielded improvement in children who did not

initially respond. Adverse events were similar in the two groups, and no treatment-related severe adverse events were

reported.

Conclusions Long-term therapy with emollient is effective and well tolerated for the treatment of xerosis in children

with atopic dermatitis.
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Introduction
Atopic dermatitis (AD) is a common chronic inflammatory

skin disease with impaired epidermal barrier function, charac-

terized by xerosis, relapsing eczematous lesions and intense

pruritus.1 AD appears within the first 5 years of life in

approximately 80% of the cases and affects up to 18% of chil-

dren.2 In infants, skin features include poorly demarcated scaly

erythematous patches usually localized on the limbs and facial

convexities, and in older children, symmetrical skin flexure

involvement.
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According to international guidelines, hydration with topical

emollients forms the backbone of treatment for mild AD.3,4

However, only a few randomized controlled trials have assessed

the efficacy of emollients for treating AD in young children,5–7

and none of these trials have examined xerosis as the main end-

point. Moreover, to the best of our knowledge, no clinical trials

on AD-associated xerosis have been carried out concerning mild

form of AD, which account for the most frequent forms.

Here, we describe the results of a multicentre, randomized,

vehicle-controlled phase III trial to assess the efficacy of long-

term emollient therapy in the treatment of moderate to severe

xerosis in children 2–6 years of age with AD. The emollient used

was a mixture of glycerol and paraffin that has been previously

shown to improve xerosis in children with ichthyosis.8

Materials and methods

Study design
This was an international phase III study in children suffering

from AD (EudraCT number 2011-003295-37). The study

included an initial 28-day double-blind, randomized, vehicle-

controlled, parallel-group period and a 56-day open-label fol-

low-up period. The primary objective, assessed in the random-

ized double-blind period, was to demonstrate the efficacy of a

28-day emollient therapy on xerosis. Secondary objectives

included changes in objective scoring atopic dermatitis (SCO-

RAD) and in pruritus during the double-blinded period, docu-

menting the impact of the absence and the reintroduction of

emollient treatment during the open-label period and docu-

menting the clinical safety of the treatment. The study was per-

formed at four centres in France, five in Estonia, five in

Lithuania, nine in Poland and seven in Romania, and it was

approved by all institutional ethics committees and by the com-

petent authorities of all five countries. The study was carried out

in accordance with the Declaration of Helsinki and with the

International Committee for Harmonization Guidelines for

Good Clinical Practice. Parents or legal guardians gave written

informed consent for their child to be included in the trial.

Patient population
Paediatricians and dermatologists recruited children 2–6 years

of age with AD according to the diagnostic criteria of the UK

Working Party and with an objective SCORAD index <15.9 The
children also had to have xerosis, including moderate or severe

dryness on the anterior part of lower limbs as indicated by a

SCORAD xerosis score (XS) ≥210,11 associated with palmar

hyperlinearity, scales on the lower limbs, or both. Children were

excluded if they had acute AD with moderate to severe erythema

and any excoriation, crust, oozing, or exudation; a recent treat-

ment using systemic corticosteroids, antibiotics, antivirals, or

hospitalization; a primary skin infection, ulcerated lesions, acne,

or rosacea; dermatological disease other than AD that could

interfere with the assessment of xerosis; a history of allergy or

intolerance to one of the components of the tested or associated

products or to cosmetics; immune suppression; or a history of

serious disease considered incompatible with the study.

Treatments
The study included a randomized, double-blind period, followed

by an open-label period (Fig. 1a). During the double-blind per-

iod, patients were randomized 1 : 1 using a computer-generated

and -validated list to be treated for 28 days with the study emol-

lient (Glycerol 15%, liquid and soft paraffin 10%, glycerol mon-

ostearate, stearic acid, polydimethylcyclosiloxane, silicone oil,

macrogol 600, trolamine, propyl parahydroxybenzoate and puri-

fied water), Dexeryl� (Pierre Fabre Medicament, Boulogne,

France) or its vehicle (glycerol monostearate, stearic acid, poly-

dimethylcyclosiloxane, silicone oil, macrogol 600, trolamine,

propyl parahydroxybenzoate and purified water). The randomi-

zation list was generated by the Clinical Pharmacology Depart-

ment using proprietary software and with parallel groups and a

block size of four, and the list was validated by the Biometry

Department. Treatments were provided in identical, sequentially

numbered containers and were assigned to patients by investiga-

tors on the basis of the sequence number. Thus, patients, investi-

gators and pharmacists were blinded to which treatment

(emollient or vehicle) was supplied.

At the end of the double-blind period (day 28), patients con-

sidered non-responders (persisting lesions or XS ≥ 2) were trea-

ted open label with emollient until day 84. All other patients

were considered responders and stopped treatment until reas-

sessment on day 56. Those considered as having a relapse

(XS ≥ 2) on day 56 were treated open label with emollient until

day 84, whereas those who had not relapsed continued treatment

free. Parents or legal guardians could request that their children

continue treatment during the open-label period even though

they were responders; however, these children were excluded

from analysis of the open-label period.

Parents or guardians were instructed to apply 8 g of the test

cream in the morning and evening as a thin layer to the child’s

whole body and face and to massage the cream into the skin

until completely absorbed. In case of AD flares, the test treat-

ment had to be applied in the morning and a moderately potent

corticosteroid 0.1% desonide in the evening until complete reso-

lution of inflammatory skin lesions. Application of 0.1% deso-

nide was recorded in a diary during the double-blind period by

the parents or legal guardians.

Assessments
Investigators received training on two occasions about the study

design, treatment and performing the clinical assessments. On

days 1, 7, 14, 21, 28, 56 and 84, they determined the XS, which

was the dryness severity assessment of the SCORAD index, a val-

idated assessment tool for AD (0 = absent; 1 = mild; 2 = moderate;
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3 = severe).10 On days 1, 28, 56 and 84, investigators determined

the objective SCORAD index11; scored xerosis using a visual

analogue scale (X-VAS) (linear 100 mm scale where 0 = ‘No dry

skin at all’ and 100 = ‘Extremely dry skin’); scored pruritus using

a visual analogue scale (P-VAS); and measured the hydration

index (HI) using a portable Corneometer� (Courage-Khazaka

Electronic GmbH, Cologne, Germany).12 Each HI measurement

was made exactly on the same part of the anterior face of

the forearm with the highest XS and without prior application

of emollient during the 12 previous hours. A treatment response

was defined as a decrease in XS score from 3 or 2 at baseline to 1

or 0.

Compliance
Tubes of used and unused products were returned to investiga-

tors and weighed on days 14, 28 and, if appropriate, on days 56

and 84. The average daily quantity of test product used during

the double-blind period of the study was calculated. Children

were considered to be in good compliance if they received

between 6.4 and 19.2 g/day of cream (i.e. between 80% of the

minimum [8 g] and 120% of the maximum [16 g]).

Safety
Treatment-emergent adverse events (TEAEs) and serious adverse

events (SAEs) were recorded by investigators up to day 84 and

defined according to the International Committee for Harmoni-

zation Guidelines for Good Clinical Practice.

Statistical analysis
The primary efficacy criterion was the change in XS from base-

line over 28 days. For each treatment group, 116 patients were

required to achieve 90% power at a two-sided a of 0.05 to detect

a difference of 0.3 in the change in XS between the emollient and

vehicle groups assuming a standard deviation of 0.7 in the indi-

vidual mean scores.

Statistical analyses for the double-blind portion of the study

were performed for all randomized patients that received at least

one application of the study treatment (intent-to-treat analysis)

and using SAS version 9.3 (SAS Institute, Cary, NC, USA). To

evaluate the global change in the XS over the double-blind per-

iod, a likelihood-based mixed-effects model for repeated mea-

sures was performed on data from baseline to days 7, 14, 21 and

28. The model included treatment group, centre and visit as
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Figure 1 Study design and patient flow chart. (a) Study design. Patients were randomized 1 : 1 to be treated with the emollient or vehi-
cle for 28 days. At the end of the double-blind period, patients considered responders (decrease in xerosis score (XS) and objective scor-
ing atopic dermatitis (SCORAD) score from baseline) stopped treatment, but if they relapsed (persisting lesions or XS >1) on day 56, they
restarted treatment with the emollient until end of the study (day 84). Patients considered non-responders of the study were treated open
label with the emollient until day 84. (b) Flow chart of the overall study population.
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fixed factors, XS at baseline as a covariate and treatment group-

by-visit and baseline-by-visit interactions. Robustness of results

was assessed by repeating the analysis for the per-protocol popu-

lation. The response to treatment at day 28 was compared

between treatment groups using a Cochran–Mantel–Haenszel

test stratified by centre. For the analysis of covariance and the

response to treatment at day 28, the baseline observation carried

forward principle was used for missing data imputation in case

of dropout. The percentage of days of application of 0.1% deso-

nide relative to the number of days between visits up to day 28

(or premature end of treatment) was compared between treat-

ment groups using a Cochran–Mantel–Haenszel test stratified by

centre with a modified ridit score. For the open-label portion of

the study, descriptive statistics were calculated for all patients

except those considered responders at the end of the double-

blind period but who continued to receive treatment at the

request of their parent or guardian.

Results

Patients
Between November 30, 2011 and May 24, 2012, a total of 251

children were included and randomized to be treated with the

emollient or its vehicle (Fig. 1b). At enrolment, all patients

had xerosis but were not in flare of AD (Table 1). Just over

half of the children who received vehicle were boys (57.6%),

whereas just over half of those who received the emollient

were girls (55.6%). All other characteristics were similar

between the two groups. In both groups, one patient withdrew

before starting treatment and four who started treatment with-

drew before the end of the double-blind portion (day 28).

Another three withdrew during the open-label portion (day 24

to 84). None of AEs leading to withdrawal was considered

treatment related. Finally, 21 patients in the emollient group

and 17 in the vehicle group were responders but continued

treatment after day 28 at the request of their parents or guard-

ians and were therefore excluded from analysis of the open-

label portion of the study.

Changes during the double-blind period (days 1–28)
During the double-blind period (days 1–28), mean XS decreased

from baseline in both treatment groups, but the decrease for the

intent-to-treat population was significantly greater with the

emollient than with vehicle (mean adjusted change over 28 days

from baseline � standard error [SE] = �0.30 � 0.061;

P < 0.001)(Fig. 2a). Results were similar for the perprotocol

population. Xerosis was significantly improved in patients trea-

ted with the emollient than in patients treated with vehicle at all

individual time points (days 7, 14, 21 and 28) as assessed by XS

(Fig. 2a) and X-VAS (Fig. 2b). Also, HI measured using a corne-

ometer increased significantly more with the emollient than with

the vehicle (Fig. 2c).

The objective SCORAD score decreased in both groups,

although it decreased more with the emollient than with vehi-

cle (least square mean adjusted change [95% CI] = �2.043

[�3.210 to �0.876], P < 0.001). At the end of the double-

blind period (day 28), more patients treated with the emolli-

ent than with vehicle had both a decrease in XS and a lower

objective SCORAD than assessed at baseline (66.1% [82/124]

vs. 45.6% [57/125], P < 0.001). Finally, the percentage of days

Table 1 Patient characteristics

Characteristic Emollient Vehicle
N = 124 N = 125

Sex, n (%)

Male 55 (44.4) 72 (57.6)

Female 69 (55.6) 53 (42.4)

Age (years)

Mean (SD) 4.04 (1.32) 4.05 (1.45)

Range 2.0–6.9 2.0–6.9

Body mass index (kg/m²)

Mean � standard deviation 15.53 (1.83) 15.56 (1.94)

Range 11.1–20.6 10.2–23.5

SCORAD at baseline

Mean (SD) 15.7 (4.3) 14.9 (4.4)

Range 7.8–27.4 7.0–29.8

Objective SCORAD at baseline

Mean (SD) 11.7 (2.1) 11.2 (2.1)

Range 7.0–15.0 7.00–14.8

XS at baseline

Mean (SD) 2.2 � 0.4 2.1 � 0.4

Range 2–3 2–3

X-VAS at baseline

Mean (SD) 57.8 (16.7) 54.5 (17.2)

Range 21–96 17–94

HI at baseline

Mean (SD) 29.1(10.3) 29.4 (11.3)

Range 2.8–70.8 1.9–91.0

P-VAS at baseline

Mean (SD) 2.8 (2.2) 2.5 (1.9)

Range 0.0–10.0 0.0–8.6

Family history of AD, n (%) 91 (73.4) 93 (74.4)

Months since first cutaneous lesions of AD

Mean (SD) 36.4 (19.8) 38.5 (20.2)

Range 0–80 1–80

Other atopic symptoms, n (%)

Asthma 13 (10.5) 8 (6.4)

Rhinitis 19 (15.3) 25 (20.0)

Other 42 (33.9) 39 (31.2)

Patient characteristics are given for all patients who received at least one
daily dose of treatment.
AD, atopic dermatitis; HI, hydration index; SD, standard deviation; XS,
xerosis score; X-VAS, xerosis visual analogue scale; P-VAS, pruritus visual
analogue scale; SCORAD, scoring atopic dermatitis.
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of corticosteroid use was not significantly different between

the two groups (P = 0.67).

Changes during the open-label period (days 29–84)
At the end of the double-blind period, some of the responders

who stopped treatment had lesions or a XS >1 between days 28

and 56 so that mean XS, X-VAS and objective SCORAD

increased and the mean HI decreased to values similar to those

on day 0 (Fig. 3). Restarting treatment with the emollient on

day 56 decreased mean XS, X-VAS and objective SCORAD and

increased the mean HI so that they were approximately the same

on day 84 as they had been on day 28. In a small subset of

responders (10 initially treated with the emollient and three ini-

tially treated with vehicle), XS remained in the normal range

despite stopping treatment.

Patients who were considered non-responders at the end of

the double-blind period of the study (day 28; n = 110) were

treated open label with the emollient starting on day 28 and until

day 84. In these patients, the mean XS, X-VAS and objective

SCORAD steadily decreased and the mean HI steadily increased

with time (data not shown).

Compliance
During the double-blind portion of the study, all 249 children

who received treatment were considered to be in good compli-

ance (i.e. received 6.4–19.2 g/day of cream). Also, the mean

quantity of test product used was similar for patients treated

with the emollient (mean � standard deviation, 13.3 � 8.3 g/

day) and vehicle (15.4 � 8.1 g/day).

Safety
During the double-blind period, TEAEs were experienced by 34

patients (27.4%) treated with the emollient and 42 (33.6%) trea-

ted with the vehicle. TEAEs considered related to treatment were

experienced by three patients (2.4%) in both treatment groups.

All events were mild or moderate erythema, burning, or pruri-

tus. No treatment-related discontinuations were reported. One

SAE was reported in the vehicle group: one subject was hospital-

ized for nasopharyngitis considered not related to treatment.

Discussion
In young children with AD, treating xerosis improves quality of

life13 and decreases the risk of developing percutaneous sensiti-

zation.14 Although few randomized controlled trials have

assessed the efficacy of hydrating topical agents for AD, they are

widely recommended by treatment guidelines.15

The randomized, controlled portion of this study showed that

in young children with moderate to severe xerosis in AD, ther-

apy with emollient improves xerosis over 28 days significantly

more than its vehicle control. This occurred even though the

children had palmar hyperlinearity and scales on the lower

(a)

(b)

(c)

Figure 2 Changes in xerosis during the double-blind period (days
1–28) Shown are the mean xerosis score (XS) (a), mean xerosis
visual analogue scale score, X-VAS (b) and mean hydration index,
HI (c) in patients treated with the emollient (n = 120) or vehicle
(n = 121) during the double-blind period.
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limbs, which are signs of constitutive disease that may be due to

inherited filaggrin mutations.16,17 Significant differences in clini-

cal effects could be detected within 1 week, and the differences

increased progressively during the first month of treatment.

Improved xerosis led to improved AD as demonstrated by a

decrease in objective SCORAD. Stopping emollient treatment

led to a relapse of xerosis but improvements returned if treat-

ment was restarted. Also, improvements in xerosis were main-

tained when the emollient was continued for more than 28 days.

Importantly, the study demonstrated that sustained treatment

with the emollient is well tolerated by young children and that

treatment compliance is excellent.

As previously reported by Breternitz et al.,5 this study showed

positive effects of the vehicle on AD during the double-blind

period of the study, with nearly half (45.6%) of patients treated

with vehicle considered responders (vs. 66.1% for the emollient).

This is not surprising because the vehicle was an emulsion of

several components that can improve skin barrier function or

hydration.18 Also, simply receiving regular care for AD may have

contributed to improvements in xerosis. Despite these potential

complications and despite the use of a subjective clinical score as

a primary endpoint (XS), the emollient was significantly more

effective than the vehicle at improving xerosis. This conclusion

is further supported by the results from two other subjective

assessments (X-VAS and objective SCORAD) and an objective

measure (HI), all of which improved to normal values in

patients treated with the emollient.

Because xerosis in AD usually worsens in the winter, especially

in colder climates,2 and may improve during warmer, sunnier

months,19,20 patients were enrolled over a short period to reduce

the effect of season. Also, age was limited to 2–6 years and only

patients with AD not in flare (objective SCORAD score <15)
were included in this study to avoid treatments from interfering

with the assessment of xerosis. Thus, the patients included repre-

sented the most common cases of AD.21–24

In conclusion, the results of this study support the regular use

of emollients as a first-line treatment to improve xerosis in

young children with minor AD.
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remained responders at day 56 continued
without treatment until day 84, and those
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with the emollient and continued until day
84. Shown are the mean xerosis score (XS)
(a), mean xerosis visual analogue scale
score, X-VAS (b), mean hydration index, HI
(c) and mean objective scoring atopic
dermatitis (SCORAD) (d) in patients who
worsened on day 56.
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