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Summary

Aim To assess the efficacy and safety of crisaborole
ointment, a phosphodiesterase 4 inhibitor, for the
treatment of mild or moderate atopic dermatitis
(AD) in two phase III studies (AD-301 and AD-
302).
Design and setting Two identically designed multicentre,
double-blind randomized controlled trials were con-
ducted in the U.S.A. Participants were randomized
2 : 1 to receive crisaborole or vehicle treatment. In
total 47 and 42 investigational centres were identi-
fied for AD-301 and AD-302, respectively.
Study participants Inclusion criteria were identified as
age ≥ 2 years, clinical diagnosis of AD (as per the
Hanifin and Rajka criteria), ≥ 5% body surface area
involvement, and baseline Investigator’s Static Global
Assessment (ISGA) mild or moderate. Exclusion cri-
teria included previous use of biologics or systemic
corticosteroids (within the last 28 days) or a topical
calcineurin inhibitor/corticosteroid (within the last
14 days), and active skin infection.
Exposures Participants were instructed to apply the
study drug twice daily to all lesions identified at
baseline, and all new lesions identified after day 1
(with weekly review of application instructions).
Bland emollients were permitted to be used on skin
not treated with the study drug.
Primary outcome The primary outcome was defined as
ISGA clear or almost clear at day 29, with a 2-grade
or more improvement from baseline.
Outcomes Secondary outcomes included the propor-
tion of patients with an ISGA score of clear or almost
clear at day 29, and time to success in ISGA score.
Additional outcomes included pruritus severity and
signs of AD (erythema, exudation, excoriation,
induration/papulation and lichenification), and were
measured on a 4-point scale (none, mild, moderate,
severe). Adverse events were also recorded.

Results More participants in the crisaborole-treated
group achieved ISGA scores of clear or almost clear
with ≥ 2-grade improvement than in the vehicle-
treated group (AD-301, 32�8% vs. 25�4%, P = 0�38;
AD-302, 31�4% vs. 18�0%, P < 0�001). Greater per-
centages of clear and almost clear scores were
observed in the treatment groups (51�7% vs. 40�6%,
P = 0�005; 48�5% vs. 29�7%; P < 0�001), as well as
earlier success in ISGA score and improvement in
pruritus (P ≤ 0�001). No serious treatment-related
adverse events were identified.
Conclusions Based on the study results, the authors
suggest that crisaborole is a safe treatment that
improves disease severity, pruritus and clinical signs
associated with AD.

Comment

What is already known about this topic?

Atopic dermatitis (AD), also known as atopic eczema, or just

eczema, is a chronic inflammatory skin condition affecting

approximately 20% of children in developed countries.1

Around 90% of patients present with mild-to-moderate dis-

ease,2,3 making mild disease a potentially lucrative market for

new and more effective and/or safer treatments than those

already in use. Topical corticosteroids (TCS) have been recom-

mended as the first-line anti-inflammatory treatment for AD

for over 60 years and they have a well-established adverse-

effect profile. A degree of anxiety when using any strength of

TCS still exists because of widely publicized skin atrophy risk,

which is associated with long-term use of potent and very

potent TCS. Mild-to-moderate TCS have an extremely low risk

of clinically significant skin thinning when used appropri-

ately.4 Topical calcineurin inhibitors (TCIs), pimecrolimus and

tacrolimus, have been licensed in the U.K. since 2001. TCIs

are second-line treatment for patients in whom AD is not ade-

quately controlled with TCS. Adverse effects include transient

burning and erythema. In 2006 the U.S. Food and Drug

Administration (FDA) placed a boxed warning for risk of lym-

phoma; however, a subsequent meta-analysis did not find a

statistically significant association between the use of TCIs and

increased risk of lymphoma.5

Crisaborole is a new, boron-based, topical phosphodi-

esterase (PDE)4 inhibitor that was approved for the treatment

of mild-to-moderate AD in December 2016 by the FDA.
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Inhibition of PDE4 reduces the production of proinflammatory

cytokines thought to cause the signs and symptoms of AD. To

our knowledge, the study by Paller et al. is the first phase III

study into the effect of a topical PDE4 inhibitor on the man-

agement of AD.6

Strengths of the research

The study was conducted as per the Consolidated Standards of

Reporting Clinical Trials (CONSORT guidelines).7 Particular

strengths were the prospective registration of the trial at

clinicaltrials.gov, use of clear inclusion and exclusion criteria,

and reporting of patient enrolment, allocation and follow-up

using a flow diagram. Primary safety assessments were also

incorporated into the study design.

Assessment of validity

Internal validity

Randomization

The authors describe a centralized allocation process for ran-

domization. Participants were randomized 2 : 1 to receive crisa-

borole or vehicle treatment. The likely underlying reason for

this unequal allocation ratio is to improve recruitment to the

study, as participants had a higher chance of receiving the study

product than vehicle. Patient demographics and disease severity

were similar across treatment groups in both studies. Conceal-

ment of the allocation sequence from those entering participants

into the study is a key element of the Cochrane risk of bias tool;8

while likely, this was not described. Baseline secondary mea-

sures are not reported (pruritus, signs of AD). It would be help-

ful to know how symptomatic the two groups were at baseline.

Blinding

Although the study was described as ‘double’ blind,9 the

authors make it clear that at least four groups (including princi-

pal investigators, study staff, participants and parents/guar-

dians) were blinded until database lock. It would be helpful to

know how the blinding was achieved and maintained – for

example were there any differences between the vehicle and

study product in terms of smell, colour or consistency, and were

efforts made to prevent interactions between study participants

(e.g. in the waiting room prior to assessment). The methods

section of the study report does not contain any information on

whether the authors attempted to measure contamination

between the active and vehicle groups or whether cointerven-

tions were permitted and to what extent they occurred.

Intention to treat

The results of the study report a modified intention-to-treat anal-

ysis that included all patients randomized and dispensed the

study drug or vehicle.

Power

The sample size was selected to yield at least 90% power to

achieve a statistically significant difference, assuming rather

unambitious ‘success’ rates of 20% (crisaborole-treated group)

and 10% (vehicle-treated group). Each study included very large

numbers of participants for a simple vehicle-controlled compar-

ison (n = 763 and 764), which was presumably needed in order

to demonstrate a statistically significant result for the relatively

small treatment signal that the investigators were pursuing.

External validity

External validity in relation to patients with mild-to-moderate

AD seen in dermatology departments is likely to be good in

terms of age, sex, ethnicity and severity. The study was con-

ducted over a 28-day period. Participants received a weekly

review of the treatment application instructions – a trial feature

that could have enhanced medication adherence and is therefore

unlikely to mimic the real-world conditions of routine AD care.

Small magnitude of benefit

Study AD-301 shows a percentage response rate of 32�8% for

the active treatment vs. 25�4% for vehicle – thus only around

one-third receiving crisaborole achieved a successful result

overall. The absolute percentage difference in success between

active treatment and vehicle is 7�4%, which translates to a

number needed to treat of 14.10 This means that on average

14 patients with mild-to-moderate AD need to be treated with

crisaborole in order to see one extra benefit when compared

with treatment with vehicle. For study AD-302, less than one-

third achieved a successful result on crisaborole (31�4%), and
18�0% achieved success with vehicle, a difference of 13�4%
and a number needed to treat of eight. The authors stated that

crisaborole-treated patients achieved improvement in pruritus

earlier than vehicle-treated patients: 1�37 days (32�9 h) vs.

1�7 days (40�8 h), P = 0�01. The difference in pruritus

improvement is 7�9 h, which although statistically significant

is probably not clinically important.

Figure 2(a) in the original article (Fig. 1a here) used an

inflated scale that exaggerates the small difference between

active treatment and vehicle. The figure should ideally show

percentages 0–100 on the y-axis, as shown in Figure 1(b).

Overall, the magnitude of benefit of this new active drug

compared with the vehicle is disappointing, although both we

and the authors acknowledge that vehicles used for topical

treatments may have mild anti-inflammatory properties of

their own.

Other key observations

Phase II rather than phase III?

Although the publication is marketed as a phase III study, the

study product is not being compared with the most
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commonly used active treatment for mild-to-moderate AD,

which in this case should be topical 1% hydrocortisone or clo-

betasone butyrate ointment.11 Perhaps a more accurate

description for such a short, vehicle-controlled and intensely

monitored study would be a phase II study. Now that mar-

ginal superiority has been demonstrated for crisaborole over

vehicle, it is essential not to conduct further vehicle-controlled

studies,12 but to proceed to test crisaborole against active

comparators (such as 1% hydrocortisone or tacrolimus oint-

ment) in pragmatic long-term studies.13

Conflicts of interest

This study was sponsored by Anacor Pharmaceuticals. Out of

16 authors, 12 declared a conflict of interest with Anacor

Pharmaceuticals and three authors are Anacor Pharmaceuticals

employees or stockholders. These conflicts might have affected

the way the study was framed and reported.

Combining study results without appropriate adjustments

The trial consists of two identically designed studies testing

the same hypotheses, which is an FDA requirement for drug

approval.14 Apart from the main outcomes, many of the study

results are not reported separately. Pooled data have been used

to present results on pruritus, clinical signs of AD and sever-

ity, all of which show improvement in the crisaborole-treated

group vs. the vehicle-treated group. Combining the data for

these outcomes can result in a lower P-value, and hence a

more significant result, whereas separate analyses may not

yield the same P-values (i.e. a higher P-value that is not signif-

icant), as we have pointed out previously in relation to the

reporting of pairs of pivotal studies required by the FDA.15

The authors would benefit from reporting all trial data as two

independent studies [as they have done for the Investigators’

Static Global Assessment (ISGA) scores] and then using appro-

priate meta-analysis techniques to account for variability

between them.16

Choice of primary outcome

The authors used the ISGA as their primary outcome measure.

ISGA is not validated in studies of AD and does not take into

account affected surface areas. The Eczema Area and Severity

Index is a validated scoring system that grades the physical

signs of AD and is recommended as a core outcome measure

by the international Harmonising Outcome Measures for

Eczema initiative (of which some of the authors are mem-

bers).17

Overall assessment and application of the
research to clinical practice

The follow-up time for the primary outcome is very short

(28 days) for a chronic inflammatory disease characterized by

flares and remission periods. It is not clear what is meant to

happen after the 28-day period, for example whether the drug

has to be used twice daily lifelong to maintain treatment effect

or only used reactively for subsequent disease flares. Longer

treatment regimens and follow-up periods may have provided

useful additional information (e.g. maintenance of improve-

ment and long-term adverse effects).

EucrisaTM (trade name for crisaborole) will carry a whole-

sale price of $58018 (approximately £434 when converted to

British pounds, 27 November 2017) for a 60-g tube. In

comparison, two 30-g tubes of hydrocortisone 1% ointment

cost £3�96, and two 30-g tubes of clobetasone butyrate oint-

ment cost £3�72. This reflects a more than 100-fold increase

in price in comparison with the standard recommended

treatment for mild-to-moderate AD.19

Conclusions and future directions

The authors appreciate the valiant efforts that the industry and

its paid clinical collaborators undertake in developing and pro-

moting new drugs in dermatology, and they are to be com-

mended for clear and timely reporting of these two pivotal

studies of crisaborole for mild-to-moderate AD. Sometimes,

new drugs, although disappointing in clinical practice, draw

attention to clues to the mechanisms of itch and inflamma-

tion,20 and we look forward to better PDE4 inhibitors appear-

ing in the future. One could argue that the efficacy of existing

topical treatments for mild-to-moderate AD is not a primary

hurdle. More salient therapeutic challenges for AD might

include ease of use and/or treatment of severe disease with

topical treatments that overcome the local adverse effects of

(a) (b)

Fig 1. (a) Graph from the original article,

showing a truncated scale with 0–35% on the

y-axis. (b) The same data are shown with 0–

100% on the y-axis. ISGA, Investigator’s Static

Global Assessment.
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very potent TCS. Although the authors are correct in suggest-

ing that crisaborole is a safe treatment that improves disease

severity, pruritus and clinical signs associated with AD, the

treatment benefit in absolute terms, and the benefit over and

above vehicle in these two very short-term studies, was small

and disappointing. In the absence of any clear additional

advantages such as safety, cost or convenience over other

existing topical treatments for mild-to-moderate AD, it is diffi-

cult to see how another topical product would be commis-

sioned by countries such as the U.K. that depend largely on

state funding. We might be wrong in assuming that the mar-

ginal benefit over vehicle in the study report translates to no

clear benefit over other existing treatments, so it is essential

that crisaborole testing now rapidly progresses from vehicle-

controlled studies to studies using active comparators and

long-term studies of drug safety.
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