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Abstract
Objectives  This post hoc analysis of pooled data from two phase III studies (AD-301: NCT02118766; AD-302: 
NCT02118792) explored the efficacy and safety of crisaborole ointment, 2%, a nonsteroidal phosphodiesterase 4 inhibitor, 
for the treatment of mild-to-moderate atopic dermatitis (AD) in pediatric patients (aged 2 to < 18 years) only, stratified by 
baseline characteristics.
Methods  Pediatric patients with mild or moderate AD per Investigator’s Static Global Assessment (ISGA) and percent-
age of treatable body surface area (%BSA) ≥ 5 at baseline were assessed. Crisaborole or vehicle (2:1 randomization ratio) 
was applied twice daily for 28 days. Of the 1313 pediatric patients included in this study, 874 received crisaborole and 439 
received vehicle. ISGA success was defined as clear (0) or almost clear (1) with ≥ 2-grade improvement from baseline. 
Efficacy and safety were stratified by age group, sex, baseline ISGA, baseline %BSA per published severity strata, and prior 
AD therapy.
Results  Overall, the proportions of crisaborole-treated and vehicle-treated pediatric patients with ISGA success at week 
4 were 32.5 and 21.5%, respectively. ISGA success rates at day 29 (week 4) were generally higher in crisaborole-treated 
(21.9–38.1%) than vehicle-treated (15.7–26.9%) patients across subgroups. Rates of treatment-related application site pain 
were 2.4–10.1% for crisaborole-treated patients and 0.6–2.2% for vehicle-treated patients across subgroups. No new safety 
concerns were noted in any patient subgroup.
Conclusion  Crisaborole improved global disease severity and was reasonably well tolerated across all pediatric baseline 
characteristic subgroups. Application site discomfort was greater with crisaborole than with vehicle, but few patients dis-
continued treatment.
Clinicaltrials.gov registration numbers  NCT02118766; NCT02118792 (registration date: April 21, 2014).

Plain Language Summary
Crisaborole is an ointment approved for the treatment of mild-to-moderate eczema. In two phase III clinical trials, eczema 
improved after 28 days of crisaborole use in patients aged ≥ 2 years. Patients with eczema rashes used crisaborole or plain 
ointment twice a day for 28 days. The clinical trials excluded patients with serious infections. Eczema treatment within 2 
weeks of the trials was not allowed. We looked at whether traits of children aged 2–17 years affected how well crisaborole 
improved eczema. We studied boys and girls by age and how bad their eczema was at the start of the study. We combined 
data from both clinical trials to calculate the percentages of children with clear or almost clear skin at day 29. We also 
studied the frequency of side effects at day 29. After 4 weeks, 33% of children receiving crisaborole compared with 22% of 
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children receiving plain ointment had clear or almost clear skin, a meaningful difference in favor of crisaborole. This was 
also true across groups. Most patients did not have side effects related to crisaborole. The most common side effect related 
to crisaborole was application site pain. This side effect occurred in up to one in ten children receiving crisaborole. Up to 
1 in 50 patients receiving plain ointment had application site pain. Few children stopped crisaborole treatment, and there 
were no new safety concerns. In conclusion, compared with plain ointment, crisaborole improved eczema in more children, 
and side effects were minor.

Key Points 

Crisaborole ointment, 2%, was effective in pediatric 
patients with mild-to-moderate atopic dermatitis across 
most baseline characteristic subgroups analyzed.

Crisaborole was well tolerated in pediatric patients 
across the baseline characteristic subgroups analyzed 
with no new safety concerns.

1  Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin dis-
ease that affects approximately 15–30% of the pediatric 
population and 2–10% of adults [1]. In more than 60% of 
pediatric patients, AD manifests before the age of 2 years 
[2]. Compared with adults, pediatric patients with AD more 
often have behavioral problems, including increased depend-
ency, fearfulness, and sleep difficulties (which can affect 
social and intellectual development) [3]. Some immunologi-
cal differences have also been observed between pediatric 
and adult patients, such as reduced counterregulation by type 
1 helper T cells in pediatric patients, potentially contributing 
to excess type 2 helper T-cell activation [4, 5]. Despite these 
differences, research using a multimodal treatment model 
(including medical, nutritional, and behavioral support) sug-
gested that younger age and higher baseline disease severity 
per Eczema Area and Severity Index are associated with 
treatment response [6].

Topical corticosteroids (TCSs) are considered the mainstay 
of AD therapy, and—in children and adolescents—mid-to-
high potency TCSs may be appropriate for acute flares, with 
a reduction in potency as necessary for long-term use [7]. 
Topical calcineurin inhibitors (TCIs) are a second-line option 
that are effective and well tolerated in pediatric patients for 
continuous short-term use [8]. Notwithstanding the prescrib-
ing information boxed warning, evidence suggests that long-
term use of TCIs is well tolerated [9]. However, there is still 
a need for effective and safe alternative treatment options for 
pediatric patients because patients, caregivers, and clinicians 
alike have concerns about the possibility of side effects with 

long-term use of TCS, which may impact adherence and lead 
to inadequate effectiveness [10, 11].

Results of in vitro studies showed that inhibition of phos-
phodiesterase 4 (PDE4) may decrease the inflammatory pro-
cesses associated with AD [12, 13]. This led to the clinical 
development of PDE4 inhibitors such as crisaborole [14]. 
Crisaborole ointment, 2%, is a nonsteroidal PDE4 inhibi-
tor for the treatment of mild-to-moderate AD [15]. As of 
January 2021, crisaborole had received regulatory approval 
in regions including Australia, Canada, the EU, and Israel 
for the treatment of mild-to-moderate AD in patients aged 
≥2 years [16–19]. In the USA and Lebanon, crisaborole is 
approved for patients aged ≥ 3 months [15, 20]. In addition 
to phase II clinical studies [21–23], regulatory approval was 
based on the results of a phase IV study in infants aged 3 
to < 24 months [24], two phase III studies that included 
adult and pediatric patients aged ≥  2 years (AD-301: 
NCT02118766; AD-302: NCT02118792), and a long-term 
safety extension study [25, 26].

Given our specific interest in treating children and ado-
lescents with mild-to-moderate AD and that the overall 
population from these two phase III studies was primarily 
pediatric, this post hoc analysis was undertaken using data 
from patients aged 2 to < 18 years to explore the consist-
ency of crisaborole treatment effects across various baseline 
characteristics, such as age group (within the pediatric age 
range), sex, and baseline disease severity (baseline Investiga-
tor’s Static Global Assessment [ISGA], baseline percentage 
of treatable body surface area [%BSA]), and prior use of 
AD therapy.

2 � Methods

2.1 � Patients and Treatment

Details of the study designs have been published previously 
[25]. In brief, two identically designed, double-blind, ran-
domized, vehicle-controlled trials were conducted concur-
rently to evaluate crisaborole compared with vehicle (2:1 
randomization ratio) applied twice daily for 28 days in 
patients aged ≥ 2 years with AD. Participants were required 
to have a baseline ISGA of mild (2) or moderate (3) and 
baseline %BSA of ≥ 5 [25]. Patients were not eligible if 
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they had used a TCS or a TCI within 14 days of starting the 
study, had a significant active infection, or had previously 
used biologic therapy [25]. The two studies were conducted 
in accordance with Good Clinical Practice Guidelines and 
local regulatory requirements. Quorum Review institutional 
review board approved the study protocols, and all partici-
pants provided informed consent.

2.2 � Assessments and Outcomes

The ISGA is five-point scale used at each visit to assess 
overall disease severity across all treatable AD lesions [25] 
without reference to previous ISGA assessments (i.e., static). 
The Severity of Pruritus Scale (SPS) was used to assess the 
severity of pruritus twice daily on a four-point scale from 
none (0; no itching) to severe (3; bothersome itching/scratch-
ing that disturbs sleep) [27].

Endpoints in this post hoc analysis included proportion 
of patients achieving ISGA success (clear [0] or almost 
clear [1] with ≥ 2-grade improvement from baseline) at day 
29 (week 4), proportion of patients achieving ISGA clear 
or almost clear at day 29 (week 4), proportion of patients 
achieving SPS success at week 4 (weekly average SPS 
score ≤ 1 with ≥ 1-point improvement from baseline), and 
safety. Only patients with an average baseline SPS score 
(≥ 2 assessments at day 1) and post-baseline SPS assess-
ments were included when evaluating SPS success. Weekly 
SPS scores for each patient were calculated as the mean of 
all available post-baseline SPS scores for the patient during 
a corresponding week (generally up to 14 measurements). 
Safety endpoints included incidence of adverse events 
(AEs), including overall treatment-emergent AEs (TEAEs), 
discontinuation due to TEAEs, and application site pain.

Efficacy and safety were analyzed in the overall pediat-
ric population (aged 2 to < 18 years) and stratified by sub-
groups: age (2 to < 7 years, 7 to < 12 years, 12 to < 18 
years), sex, baseline ISGA (mild, moderate), baseline %BSA 
severity (mild [5 to < 16], moderate [16 to < 40], severe 
[≥ 40]) [28], and use of prior AD treatment (defined as any 
prior use of systemic corticosteroids, TCSs, or TCIs for the 
treatment of AD within 90 days before study screening).

2.3 � Statistical Analysis

This post hoc analysis was performed using pooled data 
from the two phase III studies (AD-301 and AD-302), with 
data separated by individual study in a supplemental analy-
sis. For efficacy analyses, binary endpoints were analyzed 
using the normal approximation to binominal proportions, 
i.e., assuming the observed proportion of response in each 
group followed a normal distribution with proportion of 
response to be the mean and the product of proportion of 
response and portion of nonresponse divided by the sample 

size to be the variance; hence, the differences in response 
rates between crisaborole and vehicle for each subgroup also 
followed a normal distribution, which was used to gener-
ate the 95% confidence intervals for this difference. Safety 
endpoints and baseline characteristics were summarized 
descriptively.

3 � Results

3.1 � Patient Characteristics

Of 1522 total patients in AD-301 and AD-302, 86.3% were 
aged 2 to < 18 years. Of these, 874 were randomly assigned 
to receive crisaborole and 439 were randomly assigned to 
receive vehicle. Baseline characteristics were generally bal-
anced between treatment groups (Table 1; Table S1 in the 
electronic supplementary material [ESM]).

Table 1   Pediatric baseline characteristics (aged 2 to < 18 years) (AD-
301 + AD-302 pooled)

Data are presented as n (%) unless otherwise indicated
%BSA percentage of treatable body surface area, AD atopic dermati-
tis, ISGA Investigator’s Static Global Assessment, SD standard devia-
tion, SPS Severity of Pruritus Scale, TCI topical calcineurin inhibitor, 
TCS topical corticosteroid
a Baseline pruritus was the average of two or more assessments on 
day 1
b Defined as any prior use of systemic corticosteroids, TCSs, or TCIs 
for the treatment of AD within 90 days of study screening

Characteristics Vehicle
N = 439

Crisaborole
N = 874

Age groups, years
 2 to < 7 171 (39.0) 335 (38.3)
 7 to < 12 144 (32.8) 292 (33.4)
 12 to < 18 124 (28.2) 247 (28.3)

Sex
 Male 207 (47.1) 408 (46.7)
 Female 232 (52.9) 466 (53.3)

ISGA
 Mild (2) 167 (38.0) 333 (38.1)
 Moderate (3) 272 (62.0) 541 (61.9)

SPSa

 N 322 662
 Mean (SD) 1.8 ± 0.76 1.8 ± 0.79

%BSA severity
 Mild (5 to < 16) 263 (59.9) 551 (63.0)
 Moderate (≥ 16 to < 40) 128 (29.2) 213 (24.4)
 Severe (≥ 40) 48 (10.9) 110 (12.6)

Use prior AD treatmentb

 Yes 214 (48.7) 371 (42.4)
 No 225 (51.3) 503 (57.6)
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3.2 � Efficacy in the Pediatric Population

In the pooled pediatric subpopulations of AD-301 and 
AD-302, 32.5% of patients achieved ISGA success at week 
4 in the crisaborole group compared with 21.5% in the vehi-
cle group. Crisaborole treatment resulted in higher rates of 
ISGA success at week 4 compared with vehicle among all 
subgroups in the pediatric population (Fig. 1). Figure S1 in 
the ESM shows the proportions of patients achieving ISGA 
success by individual study. For comparison, Fig. S2 in the 
ESM provides major efficacy outcome results from the adult 
(≥ 18 years) population.

In the pooled pediatric populations of AD-301 and 
AD-302, 50.5% of patients achieved ISGA clear or almost 
clear at week 4 in the crisaborole group compared with 
34.5% in the vehicle group. A greater proportion of crisab-
orole-treated patients achieved ISGA clear or almost clear 
at week 4 than vehicle-treated patients across all subgroups 
(Fig. 2). Figure S3 in the ESM shows the proportions of 
patients achieving ISGA clear or almost clear by individual 
study.

Among crisaborole-treated pediatric patients in AD-301 
and AD-302, 34.6% achieved SPS success at week 4 

compared with 20.0% of vehicle-treated patients. A greater 
proportion of crisaborole-treated patients achieved SPS suc-
cess compared with vehicle-treated patients in all subgroups 
(Fig. 3). Figure S4 in the ESM shows the proportions of 
patients achieving SPS success by individual study.

3.3 � Safety

In the overall pediatric population, 258 patients (29.6%) who 
received crisaborole and 115 patients (26.6%) who received 
vehicle reported a TEAE of any cause during the studies. 
Between both studies, 13 patients (1.5%) in the crisaborole 
arm and seven (1.6%) in the vehicle arm discontinued the 
studies because of an AE. Safety data for the adult (aged 
≥ 18 years) population can be found in Table S2 in the ESM.

In total, 63 patients (7.2%) in the crisaborole arm and 
19 (4.4%) in the vehicle arm reported a treatment-related 
AE. The most frequently reported treatment-related AE was 
application site pain (4.4 vs. 0.9%). Most treatment-related 
AEs were mild or moderate. The incidence of the most fre-
quently reported treatment-related AE, application site pain, 
ranged from 2.4 to 10.1% in crisaborole-treated patients 
across subgroups and from 0.6 to 2.2% in vehicle-treated 

All pediatric patients 2 to <18 years 874

Age group 2 to <7 years 335

7 to <12 years 292

12 to <18 years 247

Sex Male 408

Female 466

Baseline ISGA Mild 333

Moderate 541

Baseline %BSA severity Mild 551

Moderate 213

Severe 110

Use of prior AD treatmentb Yes 371

No 503

32.5%

30.5%

36.6%

30.3%

33.3%

31.9%

25.0%

37.1%

32.5%

38.1%

21.9%

29.3%

34.9%

439
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128

48

214

225

21.5%

21.8%

22.9%

19.4%

24.2%

19.0%

21.6%

21.4%

23.8%

18.0%

18.0%

15.7%

26.9%

–30 –20 –10 0 10 20 30 40
Favors Vehicle Favors Crisaborole

AD-301 + AD-302 (pooled)

Subgroup
Crisaborole

Patients/Rate
Vehicle 

Patients/Rate
Difference in ISGA Successa Rate 

(95% CI)

Fig. 1   Proportions of patients achieving ISGA successa at day 29 
(week 4) in the pediatric population (aged 2 to < 18 years) (AD-301 
+ AD-302 pooled). %BSA percentage of treatable body surface area, 
AD atopic dermatitis, CI confidence interval, ISGA Investigator’s 
Static Global Assessment. aDefined as an ISGA of clear (0) or almost 

clear (1) with ≥ 2-grade improvement from baseline. bDefined as any 
prior use of systemic corticosteroids, topical corticosteroids, or topi-
cal calcineurin inhibitors for the treatment of AD within 90 days of 
study screening
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patients across subgroups and was greater with crisaborole 
than vehicle across all disease severities and age groups 
(Table 2; Table S3 in the ESM). The duration of application 
site pain in crisaborole-treated patients ranged widely, from 
1 to 30 days with a median duration of 1 day. In vehicle-
treated patients, the duration of application site pain ranged 
from 1 to 2 days, with a median duration of 2 days (Tables 
S4 and S5 in the ESM). For both crisaborole and vehicle, 
age group did not appear to affect the duration of applica-
tion site pain.

4 � Discussion

The purpose of this post hoc analysis of the pediatric pop-
ulation of AD-301 and AD-302 was to explore the consist-
ency of the treatment effects across baseline characteristic 
subgroups. Across subgroups, more crisaborole-treated 
patients experienced ISGA success than vehicle-treated 
patients (21.9–38.1 vs. 15.7–26.9%, respectively). A sim-
ilar trend was noted for the outcome of ISGA clear or 
almost clear (31.4–72.3 vs. 21.4–55.9%, respectively) and 

SPS success (29.7–37.2 vs. 16.3–25.5%, respectively). In 
the severe baseline %BSA subgroup (%BSA ≥ 40), crisab-
orole and vehicle treatment effects as measured by ISGA 
success and ISGA clear or almost clear were smaller, espe-
cially in AD-302. However, the relatively smaller sample 
size of the severe baseline %BSA subgroup compared with 
other subgroups tested (e.g., 158 vs. 341 and 814 patients 
in the mild and moderate %BSA subgroups, respectively) 
diminishes the reliability of the severe baseline %BSA 
subgroup treatment effect estimates. The treatment effect 
observed for patients with mild baseline ISGA for ISGA 
success was also smaller. This is related to the impact of 
the requirement for a ≥ 2-grade improvement from base-
line to achieve ISGA success, which requires patients with 
mild baseline ISGA (2) to achieve clear ISGA (0). Overall, 
crisaborole appeared to be effective across baseline char-
acteristic subgroups in pediatric patients.

In general, crisaborole was well tolerated in the pediat-
ric population of AD-301 and AD-302. Similar to the total 
population presented in the primary publication [25], the 
most frequently reported treatment-related AE was appli-
cation site pain, and this was noted broadly. No trend was 

All pediatric patients 2 to <18 years 874

Age group 2 to <7 years 335

7 to <12 years 292

12 to <18 years 247

Sex Male 408

Female 466

Baseline ISGA Mild 333

Moderate 541

Baseline %BSA severity Mild 551

Moderate 213

Severe 110

Use of prior AD treatmenta Yes 371

No 503

50.5%

47.3%

54.7%

50.0%
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Fig. 2   Proportions of patients achieving ISGA of clear or almost 
clear at day 29 (week 4) in the pediatric population (aged 2 to < 18 
years) (AD-301 + AD-302 pooled). %BSA percentage of treatable 
body surface area, AD atopic dermatitis, CI confidence interval, ISGA 

Investigator’s Static Global Assessment. aDefined as any prior use of 
systemic corticosteroids, topical corticosteroids, or topical calcineurin 
inhibitors for the treatment of AD within 90 days of study screening
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observed when application site pain was analyzed by sub-
group. The median duration of application site pain was 1–2 
days across age groups in both the vehicle-treated and the 
crisaborole-treated groups. Furthermore, no new safety con-
cerns were noted.

Crisaborole was previously evaluated in pediatric patients 
with mild-to-moderate AD in a phase Ib maximal-use study 
and a phase IIa study [21, 29]. In the phase IIa study of 
23 patients aged 12–17 years, 34.8% achieved ISGA success 
at day 29 (week 4) [21], which is similar to the 30.3% ISGA 
success rate observed here in the subgroup aged 12 to < 18 
years. The most frequently reported TEAEs in the phase IIa 
study were application site pain and nasopharyngitis (each in 
three patients [13%]) [21]. This rate of application site pain 
was relatively higher than in the subgroup aged 12 to < 18 
years observed for crisaborole-treated patients in the current 
pooled analysis (4.4%). However, the phase IIa study com-
prised considerably fewer patients than the subgroup aged 

12 to < 18 [21], and neither study was vehicle controlled 
[21, 29].

In the phase Ib maximal-use study, which consisted of 
34 patients aged 2–17 years, 47.1% achieved ISGA success 
at day 29 (week 4), and 64.7% had ISGA clear or almost 
clear at day 29 (week 4) [29], which was relatively higher 
than the ISGA success rate and ISGA clear or almost clear 
rate observed in the overall pediatric population of crisab-
orole-treated patients in the current pooled analysis (ISGA 
success, 32.5%; ISGA clear or almost clear, 50.5%). How-
ever, the phase Ib study was a maximal-use trial with drug 
applied in fixed amounts by site staff on days 1–9 (morning 
doses) or 2–7 (evening doses). Regarding safety, this study 
was open-label with more frequent office visits (12 vs. 5) 
and included patients with greater %BSA involvement (i.e., 
≥ 25 vs. ≥ 5) than in the phase III studies [29]. The rate of 
treatment-related application site pain would then be higher 
in the phase Ib maximal-use study (12 of 34 patients [35%]) 
[29] than in this analysis.

Subgroup
Crisaborole

Patients/Rate
Vehicle 

Patients/Rate
Difference in SPS Successa Rate 

(95% CI)
All pediatric patients 2 to <18 years 630

Age group 2 to <7 years 239

7 to <12 years 209

12 to <18 years 182

Sex Male 297

Female 333

Baseline ISGA Mild 240

Moderate 390

Baseline %BSA severity Mild 399

Moderate 159

Severe 72

Use of prior AD treatmentb Yes 266

No 364

34.6%

37.2%

35.9%

29.7%

36.0%

33.3%

36.7%

33.3%

36.3%

31.4%

31.9%

34.6%

34.6%

290

103

103

84

134
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110

180
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86
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141

149

20.0%

21.4%

18.4%

20.2%

20.9%

19.2%

25.5%

16.7%

21.9%

16.3%

19.2%

16.3%

23.5%

–40 –20–30 –10 0 10 20 30 40 50
Favors Vehicle Favors Crisaborole

AD-301 + AD-302 (pooled)

Fig. 3   Proportions of patients achieving SPS successa at week 4 in 
the pediatric population (aged 2 to < 18 years) (AD-301 + AD-302 
pooled). %BSA percentage of treatable body surface area, AD atopic 
dermatitis, CI confidence interval, ISGA Investigator’s Static Global 
Assessment, SPS Severity of Pruritus Scale. aDefined as a weekly 

average SPS score ≤  1 with ≥  1-point improvement from baseline. 
bDefined as any prior use of systemic corticosteroids, topical corti-
costeroids, or topical calcineurin inhibitors for the treatment of AD 
within 90 days of study screening
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This analysis has several limitations. The analysis was 
post hoc, and the subgroup populations selected for these 
analyses were relatively small in some cases. Since the two 
studies were identically designed, the results were pooled 
to minimize the effects of the small sample size of the sub-
groups since the individual studies were not prospectively 
designed to evaluate these subgroups. The subgroup of 
patients with prior use of AD therapy was limited to those 
who had been previously treated with systemic corticos-
teroids, TCSs, or TCIs within the 90 days prior to study 
screening. Data regarding the reason for discontinuation 
of prior AD therapy (e.g., lack of efficacy, intolerability, 
unwillingness to use corticosteroids) were not collected. In 
addition, assessment of pruritus and application site pain 
is difficult in some of the youngest patients because it must 
be assessed and reported by an observer. In this study, no 
severity score was assessed by body site, and the location 
of the application site pain was not disclosed, so data are 
not available to understand whether severity was greater 
for more sensitive regions, including the face and neck. In 
addition, the strata used for assessing severity by %BSA 

were not prespecified for the study and were devised in 
adolescents and adults aged ≥ 13 years [28], so therefore 
have not been confirmed for use in the younger age groups 
in this analysis.

5 � Conclusion

Crisaborole was shown to be effective and well tolerated 
in the pooled pediatric population of two phase III studies 
and across most baseline characteristic subgroups ana-
lyzed. Similar to previously reported studies in pediatric 
populations, application site pain was the most frequently 
reported treatment-related AE, and no new safety concerns 
were noted among the subgroups analyzed.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40272-​021-​00490-y.
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Table 2   Incidence of treatment-related application site pain in the 
pediatric population (aged 2 to <  18 years) (AD-301 + AD-302 
pooled)

Data are presented as n/N (%)
%BSA percentage of treatable body surface area, AD atopic derma-
titis, ISGA Investigator’s Static Global Assessment, TCI topical cal-
cineurin inhibitor, TCS topical corticosteroid
a Defined as any prior use of systemic corticosteroids, TCSs, or TCIs 
for the treatment of AD within 90 days of study screening

Incidence of treatment-related 
application site pain

Vehicle
N = 433

Crisaborole
N = 871

All pediatric patients 4/433 (0.9) 38/871 (4.4)
Age group, years
 2 to < 7 2/168 (1.2) 12/333 (3.6)
 7 to < 12 1/143 (0.7) 16/292 (5.5)
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Use of prior AD treatmenta
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 No 2/221 (0.9) 13/502 (2.6)
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