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ABSTRACT

Atopic dermatitis (AD) is a common inflamma-
tory skin disease that is accompanied by
increased sensitivity to itch-provoking and
pain-provoking stimuli. Patients with AD expe-
rience skin pain before initiation of therapy and
have also reported painful application site
reactions in clinical trials of emollients and
prescription topical therapies, including topical
corticosteroids (TCSs), topical calcineurin
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inhibitors (TCIs), and a topical phosphodi-
esterase 4 (PDE4) inhibitor. To compare the
sensory tolerability of prescription topical
therapies for AD, a comprehensive literature
search and analysis of published clinical trials
was conducted. Sensory tolerability issues such
as application site pain, burning, stinging, and
pruritus were often among the most common
adverse events or treatment-related adverse
events in clinical trials for prescription topical
therapies. Tolerability issues occurred at highest
rates in trials of TCIs, followed by trials of the
PDE4 inhibitor crisaborole and TCSs, although
direct comparisons are not possible because of
differences in study design. Tolerability issues in
these clinical trials were generally mild to
moderate and transient. This article also reviews
published strategies for managing sensory tol-
erability issues in AD patients during treatment
with topical therapies.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflamma-
tory skin disease characterized by eczematous
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lesions and pruritus that affects up to 15-30% of
children and 2-10% of adults [1, 2]. In one
study, the prevalence of baseline skin pain in
AD was 42.7%, with 13.8% of patients experi-
encing severe or very severe pain [3], although
some studies estimate pain prevalence rates
exceeding 50% [4] and 80% [5]. High prevalence
of pain may relate to skin sensitivity. Patients
with AD are more likely than healthy individ-
uals to report hypersensitivity to lactic acid [6],
nonhistaminergic chemical stimuli [7], and
pain- and itch-provoking mechanical stimuli
[7]. Proposed mechanisms of skin sensitivity
and pain in AD include epidermal barrier dis-
ruption, leading to increased exposure of cuta-
neous nerve endings and heightened
vulnerability to environmental irritants;
increased density or length of cutaneous nerve
fibers; and inflammation-mediated sensitization
of afferent neurons containing receptors for
pain, itch, and warmth such as transient
receptor potential cation channel subfamily V
member 1 (TRPV1) [3, 7-9]. Scratching is also a
likely source of pain because pain prevalence is
significantly associated with having skin exco-
riations [3].

Topical therapies are the cornerstone of AD
management, beginning with emollients and
moisturizers as first-line therapies [10-12].
Topical corticosteroids (TCSs), which suppress
antigen processing and proinflammatory cyto-
kine release in immune cells, are first-line anti-
inflammatory therapies [10-12]. Second-line
therapies include topical calcineurin inhibitors
(TCIs), which inhibit calcineurin-dependent
activation of T cells [10]. TCIs are recommended
for AD unresponsive to TCSs, for situations in
which TCS use is inadvisable, and for proactive
maintenance (application 2-3 times weekly to
flare-prone areas) [10-12]. Crisaborole is a
nonsteroidal phosphodiesterase 4 inhibitor for
the treatment of mild to moderate AD [13].
Crisaborole is recommended by the American
College of Allergy, Asthma, and Immunology
AD Yardstick, a tool that is intended to supple-
ment published guidelines with the most recent
clinical and research findings, for second-line
therapy, for patients intolerant of TCSs or TClIs,
and for maintenance [14].

Application of topical treatments can exac-
erbate baseline pain and produce other skin
sensory adverse events (AEs) in AD. Tolerability
events including skin burning, stinging, and
pruritus have been reported with certain emol-
lient formulations [15-18]. TCIs are commonly
associated with application site (AS) burning
and stinging [10-12], and AS burning and pru-
ritus have been reported for TCSs [19, 20]. AS
pain has been reported in clinical trials of cri-
saborole [21, 22]. The objective of this review is
to synthesize published data on the sensory
tolerability of topical prescription products for
AD and to provide clinical recommendations on
mitigation strategies for tolerability issues. We
define sensory tolerability issues as burning,
stinging, pain, irritation, pruritus, or
paresthesia.

LITERATURE ANALYSIS

To compare the sensory tolerability of currently
available, prescription topical treatments for
AD, we performed a literature analysis (see
Fig. 1). Treatment-emergent AEs (TEAEs), treat-
ment-related AEs (TRAEs), and discontinuations
relevant to tolerability are summarized in
Tables 1, 2, 3 and 4. AS-specific data were
included whenever available.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

TOLERABILITY OF TCls

Most studies meeting inclusion criteria evalu-
ated TClIs (Table 1). Among 19 studies assessing
pimecrolimus cream, 1% (not compared with
tacrolimus), six evaluated short-term treatment
(6-12 weeks) [23-28]. All six studies were vehi-
cle controlled for at least part of the study and,
with the exception of one study [23] evaluating
pimecrolimus combination therapy with TCSs
in severe AD, they enrolled patients with mild
to moderate AD and did not allow TCSs as
concomitant therapy. Prevalence rates of burn-
ing/pain/irritation ranged from 1.6% to
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PubMed query 3.27.18:
(atopic dermatitis OR eczema) AND

(calcineurin inhibitor OR TCI OR tacrolimus OR pimecrolimus OR
glucocorticoid OR glucocorticosteroid OR corticosteroid OR
steroid OR hydrocortisone OR fluocinolone OR triamcinolone OR
desonide OR prednicarbate OR fluticasone OR mometasone OR
TCS OR betamethasone OR clobetasol OR diflorasone OR
halobetasol OR amcinonide OR desoximetasone OR diflorasone
OR fluocinonide OR halcinonide OR clocortolone OR
flurandrenolide OR alclometasone OR dexamethasone OR
crisaborole OR pde4) AND

(pain OR burning OR stinging OR paresthesia OR tolerability OR
safety OR application site OR application site reaction OR
irritation OR adverse event OR burning/stinging OR patient
reported outcome OR PRO OR isga OR investigator's static
global assessment OR ptga OR patient global assessment OR
preference) AND

("2000/01/01"[PDat]: "3000/12/31"[PDat]) AND

Humans[Mesh]

Fig. 1 PubMed search terms and filters applied in liter-
ature analysis. 4D atopic dermatitis, PDE4 phosphodi-
esterase type 4, PRO patient-reported outcome, ISGA

26.7% (pimecrolimus) and 1.0% to 22.2% (ve-
hicle). Five of the short-term studies cited
burning and/or irritation among the most
common TEAEs [24-27] or cutaneous AEs [28].
Thirteen pimecrolimus studies evaluated long-
term (approximately 5 months to 1 year) ther-
apy, of which six were controlled, double-blind
studies [29-34], four were open-label [35-38],
and three had both double-blind and open-label
phases [39-41]. Eleven long-term studies
allowed occasional treatment with TCSs as res-
cue therapy for flares [29-38, 40]. Among long-
term studies providing overall event-specific
rates, rates of AS burning ranged from 0.8% to
10.5% (pimecrolimus) and 1.1% to 9.3% (vehi-
cle/conventional therapy). Seven studies cited
tolerability-related AS issues (burning, stinging,
pruritus, pain) among the most common AEs
[31-33, 35-38]. Eleven pimecrolimus studies
(two short-term and nine long-term) provided
information on the severity and timing of AS
tolerability issues, describing them as predomi-
nantly mild to moderate, transient, and/or
occurring early in treatment [24, 28, 31-39].
Fifteen studies evaluated tacrolimus oint-
ment, 0.03% or 0.1% (not compared with
pimecrolimus). Five studies assessed short-term

561 articles excluded due to:
« Small total sample size (<50 patients)
Article type (review, meta-analysis,
commentary, guideline, or consensus
document)
l « Not written in English

« Non-human subjects
« AD patients not studied, or AD

associated with other conditions

Query results:
622 citations —>

61 .|nc_luded « Unapproved therapy or dosage,
citations )
non-topical therapy
¢ « Lack of quantitative tolerability data

« 39 TCl studies

« 11 TCS studies

« 9 studies comparing TCls and TCSs
« 2 PDE4 inhibitor studies

Investigator’s Static Global Assessment, TCIs topical
calcineurin inhibitors, 7CSs topical corticosteroids

treatment (4-12 weeks), two of which were
vehicle controlled [42-46]. Among three short-
term studies providing overall rates or for which
overall rates could be calculated, rates of skin
burning and pruritus ranged from 19.0% to
52.9% and 16.4% to 33.8%, respectively, in
tacrolimus-treated patients versus rates of
17.0% and 33.3% in vehicle-treated patients.
Kang et al. [42] reported significantly higher
rates of AS burning in groups receiving 12 weeks
of treatment with tacrolimus 0.03% or 0.1%
than in the wvehicle group for head/neck
(p <0.01) and non-head/neck (p < 0.001) areas,
and higher prevalence of AS pruritus in the
tacrolimus groups than in the vehicle group for
non-head/neck areas (p < 0.05). One other
short-term study [43] included both 0.03% and
0.1% groups, reporting a numerically higher
rate of AS burning in adults treated with 0.1%
tacrolimus (69.0%) than in children treated
with 0.03% tacrolimus (26.9%), potentially
because of the higher strength of tacrolimus
used by adults. Schachner et al. [44] reported
similar rates of AS burning/stinging in vehicle-
treated (17.0%) and tacrolimus-treated (19.0%)
children with mild to moderate AD. However,
burning/stinging with tacrolimus application
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was more common in children with moderate
than mild AD (29.5% vs. 12.4%, p = 0.008). Two
of the five studies described severity and timing
of AS tolerability issues, describing AS burning,
stinging, and tingling as mild to moderate and
transient [42], and AS burning and pruritus as
resolving within the first week of treatment
[45]. Ten tacrolimus studies involved long-term
therapy (6-29.5 months), of which five were
open label [47-51] and five included both dou-
ble-blind and open-label phases [52-56].
Among five long-term studies providing overall
rates or for which overall rates could be calcu-
lated, rates of AS burning/irritation and pruritus
ranged from 4.4% to 43.7% and 10.7% to
33.9%, respectively, in tacrolimus-treated
patients versus 4.7% and 11.5% in vehicle-
treated patients. Seven long-term studies indi-
cated that burning, irritation, and/or pruritus
were among the most common AEs and/or
treatment-related AEs [48-54], and five studies
specified that burning and/or pruritus events
were generally mild to moderate and/or
decreased in prevalence over time [47-51].

Five studies directly compared tacrolimus
ointment, 0.03% or 0.1% to pimecrolimus
cream, 1% and all evaluated short-term treat-
ment (up to 6 weeks) [57-61]. Four of these
studies indicated that AS burning and pruritus
were among the most common AEs in TCI-
treated patients [58-61]. Kempers et al. [57]
reported a significantly greater rate (p = 0.039)
of AS erythema/irritation in tacrolimus-treated
children with moderate AD (19%) than in
pimecrolimus-treated children (8%) and a trend
toward a higher rate of AS pruritus in the
tacrolimus group, but this finding was not sig-
nificant (p = 0.073) [S7]. Although incidence of
local AEs generally decreased over time, AS
erythema/irritation and warmth/burning/sting-
ing events were more likely (p < 0.001) to last
more than 30 min in tacrolimus-treated than
pimecrolimus-treated children. Another study
[58] reported a higher rate (p =0.02) of AS
burning in tacrolimus-treated adults with mild
to severe AD (19.5%) than in pimecrolimus-
treated adults (11.3%). Significance was driven
by a greater rate of burning in tacrolimus-trea-
ted patients (11.4% vs. 4.9%) in the first week of
treatment, after which rates were comparable.

These differences may be a result of greater skin
penetration of tacrolimus compared with
pimecrolimus [62].

TOLERABILITY OF TCSs

Among the 11 included trials of TCSs, overall
prevalence rates of burning, pruritus, irritation,
or warmth in TCS-treated patients ranged
from less than 1% to 6% (Table 2). Three studies
evaluated fluticasone propionate (FP), 0.05%
cream [20, 63] or lotion [64]. Eichenfield et al.
[64] reported burning/stinging in 1.8% of chil-
dren and adults with moderate to severe AD
receiving up to 1 month of treatment with FP
lotion (vehicle, 1.4%), and pruritus in 0.5% of
FP-treated patients (vehicle, 0.5%). Both events
were considered possibly related to treatment,
but the authors did not specify whether the
events were AS-specific. An open-label study of
3-4 weeks of treatment with FP cream in chil-
dren with moderate to severe AD reported AS
burning that resolved within 1 day in 2.0% of
patients [20]. Another study comparing up to
4 months of treatment with FP cream to
hydrocortisone cream (HC), 1% or hydrocorti-
sone butyrate (HCB) cream, 0.1% in children
with moderate to severe AD reported no AS
tolerability issues in FP- or HC-treated patients
and AS pruritus in 3.2% of HCB-treated patients
[63]. Other included trials of HCB involved
4 weeks of application of HCB lipocream, 0.1%
[65] or lotion, 0.1% [66] in children and ado-
lescents with mild to moderate AD and reported
numerically lower rates of AS tolerability issues
(1% each for burning [66] and irritation [65],
respectively).

Two studies investigated 4 weeks of treat-
ment with desonide, 0.05% in children and
adolescents with mild to moderate AD, testing
either the hydrogel [19] or the foam [67] for-
mulation. Burning was among the most com-
mon AS AEs for both formulations, occurring in
1% (hydrogel) and 3% (foam vs. 7% in vehicle
group, p = 0.004) of patients. In both studies, AS
pruritus occurred in less than 1% of desonide-
treated patients.

Long-term treatment (4-6 months) with
mometasone furoate (MF) fatty cream, 0.1% [68]
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or methylprednisolone aceponate (MPA) cream,
0.1% [69] was associated with relatively low rates
of tolerability issues. AS warmth was reported in
1.5% of adult patients treated with MF cream,
and MPA-related burning occurred in less than
1% of adolescent and adult patients with an acute
flare of moderate to severe AD.

The remaining TCS trials evaluated triam-
cinolone acetonide (TA) [70], triamcinolone
acetonide-laurocapram (TNX) [70], and fluo-
cinolone acetonide (FA), 0.01% in peanut oil
[71]. A study of 2 weeks of treatment with TA,
TNX, or vehicle in adults with AD reported rates
of AS burning, pruritus, or disease exacerbation
of 4% (TA), 6% (TNX), and 12% (vehicle) [70].
These were the highest rates of AS tolerability
issues reported among TCS studies but may
reflect the fact that all AS reactions were repor-
ted together. Mild AS itching and burning
(3.1%) were reported during a 4-week open-
label trial of FA in children with AD (study 2 of
three trials reported in [71]).

TOLERABILITY FINDINGS
FROM HEAD-TO-HEAD
COMPARISONS OF TCls and TCSs

Nine studies directly compared TCIs to TCSs, of
which four reported significantly greater rates of
AS burning, pruritus, or tingling in TCI treat-
ment groups (Table 3) [72-80]. Luger et al. [72]
compared up to 1year of combination TCS
therapy with TA cream, 0.1% and hydrocorti-
sone acetate (HA) cream, 1% to TCI therapy
with pimecrolimus cream, 1%. AS tolerability
issues were numerically more frequent with
pimecrolimus (burning, 25.9%; pruritus, 5.5%)
than TA/HA combination therapy (burning,
10.9%; pruritus, 1.8%), and AS issues were mild
to moderate, resolved within 7 days, and
occurred early in treatment.

Three studies compared tacrolimus ointment
(0.1% and/or 0.03%) to HA ointment, 1% over a
3-week treatment period in children/adoles-
cents and reported a range of tolerability issues
[73-75]. For twice-daily treatment, rates of skin
burning across studies for tacrolimus, 0.03%,
tacrolimus, 0.1% and HA ranged from 18.5% to
23.8%, 20.4%, and 3.3% to 14.5%, respectively.

A study with 3.3% rate of burning in HA
patients did not indicate whether burning sen-
sation was AS-specific. Rates of AS pruritus
across studies ranged from 10.0% to 21.4%
(tacrolimus, 0.03%), 11.3% (tacrolimus, 0.1%),
and 3.3% to 15.9% (HA). Two of the three
studies [73, 74] reported significantly greater
rates (p < 0.05) of AS burning in tacrolimus-
treated children and adolescents with moderate
to severe AD compared with the HA group. Both
studies reporting significant differences indi-
cated that tolerability issues were predomi-
nantly mild to moderate and decreased in
prevalence over the 3 weeks of treatment, with
highest rates observed on days 1-4.

Two studies compared tacrolimus to HCB
ointment, 0.1% in adults with moderate to
severe AD, reporting more tolerability issues in
TCI than TCS treatment groups. Reitamo et al.
[76] compared up to 6 months of therapy with
0.1% HCB and 1% HA to tacrolimus (TAC),
0.1% and reported significantly greater rates of
skin tingling (TCS, 0.6%; TAC, 2.7%; p = 0.02)
and burning (TCS, 13.8%; TAC, 52.4%;
p < 0.001) in the tacrolimus treatment group
than in the TCS group. Another study by Rei-
tamo et al. [78] compared 3 weeks of therapy
with HCB, 1% to tacrolimus, 0.03% or 0.1% and
reported significantly greater rates of AS burn-
ing [Table 3; HCB, 12.9%; TAC (0.03%), 45.1%;
TAC (0.1%), 59.2%; p < 0.05 for TAC treatments
vs HCB] and pruritus [Table 3; HCB, 9.7%; TAC
(0.03%), 20.2%; TAC (0.1%), 15.2%; p < 0.05
for TAC treatments vs HCB] in tacrolimus-trea-
ted patients. Tolerability issues decreased in
prevalence over time in both studies. The
highest rates of AS burning and pruritus events
were observed on days 1-4 in the 3-week study,
and the highest AS burning rates were observed
during the first week of the 6-month study.

Two studies compared short-term (3—-6 weeks)
treatment with fluticasone ointment, 0.005% to
tacrolimus (0.03% or 0.1%), and reported an
overall pattern of more tolerability issues in
tacrolimus than in fluticasone treatment
groups. Doss et al. [79] reported a higher rate of
AS skin burning sensation in tacrolimus-treated
patients (TAC 0.03%, 7.6%; fluticasone, 2.5%)
that contributed to a significant difference in
frequency of unspecified AS AEs (TAC 0.03%,
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18.0%; fluticasone, 11.3%; p = 0.038) between
the two treatment arms during the first 3 weeks
of the study. Another study by Doss et al. [80]
reported rates of AS burning and pruritus
specific to facial and nonfacial areas (see Table 3
for full list) that were numerically higher in the
tacrolimus, 0.1% group than in the fluticasone
group for facial areas but not significantly
different.

Bieber et al. [77] compared 3 weeks of treat-
ment with MPA ointment, 0.1% to tacrolimus,
0.03% in children with severe or very severe
acute AD flares, showing a numerically higher
incidence of AEs in the tacrolimus group (4.4%)
than in the MPA group (0%), with the tacroli-
mus-treated patients reporting these events as
pruritus, erythema, skin burning, and hot
flushes.

Taken together, studies directly comparing
TCIs with TCSs suggest that AS tolerability
issues are more common with TCI treatment
than with TCS treatment but tend to decrease
over time. This may be related to improved skin
barrier function resulting in lower skin pene-
tration with continued use [81]. However,
definitive conclusions are limited by differences
in study design and reporting of events. Fur-
thermore, literature reporting comparisons of
pimecrolimus to TCS therapy is very limited.

TOLERABILITY OF CRISABOROLE

In two identically designed, 4-week phase 3
trials (studies AD-301 and AD-302) of crisabor-
ole ointment, 2% in AD patients at least 2 years
of age with mild to moderate AD, most treat-
ment-related AEs involved AS pain (defined as
burning or stinging), which was reported in
4.4% of crisaborole-treated patients and 1.2% of
vehicle-treated patients (Table 4; pooled data,
p =0.001) [21]. Most patients (76.7%) experi-
encing AS pain reported the AE on the first day
of treatment, and most (77.6%) reported reso-
lution within 1 day of onset. In a 48-week open-
label, single-arm safety extension trial (study
AD-303), treatment-related AS pain was repor-
ted in 2.3% of crisaborole-treated patients
(n = 12; onset in AD-301/AD-302, n = 6; onset
in AD-303, n=6) [22]. AS pain events in

crisaborole-treated patients enrolled in AD-303
had a median duration of 5days, and 33%
resolved within 1 day of onset.

POTENTIAL STRATEGIES

FOR MANAGING TOLERABILITY
ISSUES ASSOCIATED WITH TOPICAL
TREATMENTS FOR AD

AS tolerability issues were observed for all three
drug classes in this analysis, underscoring the
need for mitigation strategies in affected patients.
Accordingly, American Academy of Dermatology
(AAD) and American Academy of Allergy, Asthma
& Immunology (AAAAI) guidelines recommend
patient counseling, whereby physicians advise
patients to anticipate transient burning and
stinging with TCI application [10, 11]. AAD,
AAAAI, and European Academy of Dermatology
and Venereology (EADV) guidelines also recom-
mend integration of regular emollient use into
AD treatment plans to maintain skin barrier
function, alleviate symptoms of AD, and reduce
irritation [10-12]. Emollients improve signs and
symptoms of AD while demonstrating good tol-
erability [82]. However, skin stinging/burning and
pruritus have been reported in trials of some
emollient formulations [15-18]; therefore, the
optimal moisturizer should be devoid of ingredi-
ents that are irritating or sensitizing to the patient
[83]. In the case of an acute AD flare, AAD [10]
and EADV [12] guidelines suggest preceding TCI
treatment with TCS treatment to restore skin
barrier function so that large molecules (larger
than 500 Daltons such as pimecrolimus and
tacrolimus) cannot easily penetrate the skin (i.e.,
the 500-Dalton rule) [84], thereby minimizing
TCl-associated AS tolerability issues [10, 12].
Additional published recommendations
suggest administering oral aspirin [85]. A small
retrospective study reported that 500 mg oral
aspirin taken 1 h before initial tacrolimus reap-
plication reduced to mild (n = 3) or prevented
(n = 3) burning as assessed during follow-up
interviews by six adult patients who had dis-
continued tacrolimus because of severe burning
[85]. Potential mediators of the anti-burning
effect of aspirin are inhibition of
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cyclooxygenase and downstream prostaglandin
synthesis and inhibition of the TRPV1 heat/
pain receptor [86], which is activated following
exposure to tacrolimus in an in vitro porcine
model [87].

CONCLUSIONS

Baseline skin pain is common in AD patients,
and application of topical therapies can result in
AS tolerability issues. In this review of studies
evaluating AS reactions to prescription topical
therapies, AS tolerability issues, including
burning, stinging, and pruritus, occurred at
highest frequency in TCIs, followed by crisa-
borole and TCSs. Comparing these findings
merits caution because of differences in study
design that complicate direct comparisons of
tolerability. Prevalence rates of AS tolerability
issues ranged broadly for individual drug clas-
ses, and rates in head-to-head comparisons were
often quite different than those in studies
investigating a single drug class, a pattern that
was especially evident for TCSs. Studies inclu-
ded in this analysis often did not provide
detailed information about AS specificity,
severity, duration, and direct relation to treat-
ment of tolerability issues. There are no com-
pleted head-to-head studies comparing
crisaborole with TCIs or TCSs; therefore,
informed comparisons of AS tolerability cannot
be made. Useful strategies for mitigating AS
tolerability issues include patient counseling to
anticipate AS tolerability issues and regular use
of emollients. Further research is needed to
understand mechanisms of AS reactions and
patient baseline pain/sensitivity. This mecha-
nistic research may inform formulations with
improved tolerability or more efficient, person-
alized selection of topical products best suited
to a patient’s skin sensitivity and AD severity.
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