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ABSTRACT

Introduction: Skin pain (described as discom-
fort or soreness) is increasingly recognized as a
symptom of atopic dermatitis which impacts
patient quality of life. This analysis examined
the effect of baricitinib on skin pain in atopic
dermatitis in three phase 3 studies (BREEZE-
AD1, -AD2, and -AD7).
Methods: Patients were randomly assigned
2:1:1:1 to receive once-daily placebo, baricitinib

1 mg, 2 mg, or 4 mg in BREEZE-AD1 (N = 624)
and -AD2 (N = 615) and 1:1:1 to receive once-
daily placebo, baricitinib 2 mg, or 4 mg, with
topical corticosteroids, in BREEZE-AD7
(N = 329) for 16 weeks. Patients recorded their
skin pain severity using the Skin Pain Numerical
Rating Scale (NRS) via an electronic daily diary.
Data were analyzed by study as least squares
mean change from baseline in daily scores for
the randomly assigned patients using mixed
model repeated measures analysis. Analysis of
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Skin Pain NRS response was done using logistic
regression using non-responder imputation.
Results: Baricitinib produced significant per-
centage change from baseline compared with
placebo in patient-reported skin pain severity
by day 2 in BREEZE-AD1 (baricitinib 4 mg
- 11.9%, p\0.001; baricitinib 2 mg - 6.4%,
p = 0.016; baricitinib 1 mg - 6.2%, p = 0.016), -
AD2 (baricitinib 4 mg - 12.6%, p\ 0.001;
baricitinib 2 mg - 5.6%, p = 0.036; baricitinib
1 mg - 6.9%, p = 0.011), and -AD7 (baricitinib
4 mg - 6.9%, p = 0.04; baricitinib 2 mg - 7.9%,
p = 0.018). A greater proportion of patients
treated with baricitinib reported at least a
4-point reduction in Skin Pain NRS score at
week 16 (Skin Pain NRS responders) in BREEZE-
AD1 (baricitinib 4 mg 25.3%, p\ 0.001), -AD2
(baricitinib 4 mg 20.0%, p\ 0.001; baricitinib
2 mg 19.0%, p\0.001), and -AD7 (baricitinib
4 mg 48.8%, p\0.001; baricitinib 2 mg 45.2%,
p = 0.004) compared to placebo. A significantly
higher proportion of Skin Pain NRS responders
also achieved at least a 4-point improvement in
Dermatology Life Quality Index at week 16
when compared with Skin Pain NRS non-re-
sponders in BREEZE-AD1 (89.2%, p\ 0.0001), -
AD2 (92.5%, p\0.0001), and -AD7 (88.3%,
p\0.0001).
Conclusion: Baricitinib improved patient-re-
ported skin pain severity as early as day 2.
ClinicalTrials.gov identifiers: BREEZE-AD1,
NCT03334396; BREEZE-AD2, NCT03334422;
BREEZE-AD7, NCT03733301.

Keywords: Atopic dermatitis; Baricitinib;
Patient-reported outcomes; Skin pain

Key Summary Points

Why carry out this study?

Skin pain (which is described by patients
using terms such as discomfort or
soreness) is an important symptom in
atopic dermatitis (AD) which is not widely
recognized by dermatologists or treatment
guidelines, despite being one of the most
frequently reported symptoms of AD after
itch.

Skin pain can have a substantial impact on
patient quality of life but may not be
adequately addressed by current
treatments.

This work examined the effect of
baricitinib on skin pain severity in AD in
three phase 3 studies (BREEZE-AD1, -AD2,
and -AD7).

What was learned from the study?

Treatment with baricitinib resulted in
rapid improvement in patient-reported
skin pain severity in AD as early as the first
day after first dose administration, i.e.,
day 2.

Patients who achieved meaningful
improvements in skin pain also
demonstrated improvements in
Dermatology Life Quality Index,
indicating an association between skin
pain and quality of life.

Daily assessment of patient symptoms
allows for early detection of treatment
effects.

INTRODUCTION

Atopic dermatitis (AD) is a common chronic,
relapsing, inflammatory skin disease which is
characterized by itch (pruritus), erythema, dry
and lichenified skin, and papules accompanied
by increased risk of cutaneous infection [1–3]. A
recent study estimated that the prevalence of
AD in adults ranges from 2.1% to 4.9% globally
[1]; however many people who meet diagnostic
criteria for AD may not be formally diagnosed
or treated [3]. AD causes a significant burden for
patients by impacting mood, sleep, and work
productivity, and reducing quality of life, both
physical and emotional. Current treatment
includes maintenance therapy focusing on the
restoration of disrupted barrier function using
emollients, the avoidance of triggers, and reac-
tive or proactive use of topical corticosteroids

1600 Dermatol Ther (Heidelb) (2021) 11:1599–1611



(TCS) and topical calcineurin inhibitors (TCI)
[2, 4]. Moderate-to-severe AD may be treated
with immunomodulatory agents such as
cyclosporine, methotrexate, or azathioprine.
Dupilumab and baricitinib are new treatments
that can be used for long-term treatment of
moderate-to-severe AD [5, 6].

Skin pain (which is described by patients
using terms such as discomfort or soreness) is an
important symptom in AD which until recently
was not widely recognized by dermatologists or
treatment guidelines [7], despite being one of
the most frequently reported symptoms of AD
after itch [8]. Skin pain can be linked to the
severity of AD and itching [9], but it may also be
experienced independent of itch and the
itch–scratch cycle [10, 11]. There is evidence to
suggest that skin pain is a distinct symptom in
AD. Patients with AD show exaggerated
responses to both itch- and pain-evoking stim-
uli in lesional and non-lesional skin [12]; the
overlap of sensory neurons for itch and pain
means that peripheral sensitization associated
with itch may also increase sensitivity to pain
[7]. The body area affected also influences the
level of pain, as higher skin pain scores have
been reported in plantar, chest, and palmar
areas [13]. Surveys of patients with AD tend to
describe their skin pain using neuropathic
terms, such as burning, stinging, stabbing, or
pinprick-like [7, 9, 14]. Additionally, skin pain,
which may not be adequately addressed by
current treatments, can have a substantial
impact on the quality of life (QoL) of patients
[9].

Baricitinib is an oral selective inhibitor of
Janus kinase (JAK)1 and JAK2 which is indicated
in the European Union and Japan, and being
evaluated in the USA and other countries, for
the treatment of moderate-to-severe AD in adult
patients who are candidates for systemic ther-
apy. The phase 3 randomized, controlled
monotherapy studies of baricitinib, BREEZE-
AD1 and BREEZE-AD2, and the combination
study of baricitinib with TCS, BREEZE-AD7,
have shown that baricitinib improved signs and
symptoms of AD, and was well tolerated [6, 15].

Baricitinib has been shown to have a rapid
effect on patient-reported outcomes (PROs)
such as itch and sleep [16]. This analysis shows
that a rapid improvement can also be achieved
in skin pain and associated QoL measures
reported through patient diaries in the studies
BREEZE-AD1, BREEZE-AD2, and BREEZE-AD7.

METHODS

Study Design

The study designs, patients, assessments, ran-
domization and masking methods, procedures,
and outcomes for BREEZE-AD1, BREEZE-AD2,
and BREEZE-AD7 have been published previ-
ously [6, 15].

Briefly, all three studies included patients
with moderate-to-severe AD who had inade-
quate responses to existing topical therapies. In
BREEZE-AD1 (N = 624) and BREEZE-AD2
(N = 615), patients were randomly assigned
2:1:1:1 to placebo, baricitinib 1 mg, 2 mg, or
4 mg once-daily for 16 weeks. In BREEZE-AD7
(N = 329), patients were randomly assigned
1:1:1 to placebo, baricitinib 2 mg, or 4 mg once-
daily for 16-weeks and background low-to-
moderate potency TCS were allowed for active
lesions.

The studies were approved by all institutions
involved. Details of the institutions and their
ethics committees have been published previ-
ously [6, 15]. The studies were performed in
accordance with the Helsinki Declaration of
1964, and its later amendments. All subjects
provided informed consent to participate in the
study.

Patient-Reported Outcomes

An electronic daily diary was used to record
patient symptoms over the previous 24 h.
Patients completed the Skin Pain Numerical
Rating Scale (NRS), describing their worst skin
pain (e.g., discomfort or soreness) in the past
24 h, where 0 = no pain and 10 = worst pain
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imaginable [14]. QoL was measured using the
Dermatology Life Quality Index (DLQI), a
10-item questionnaire covering six domains
with scores ranging from 0 to 30 (higher scores

indicating greater impairment of QoL) [17],
where patients recorded impact over the previ-
ous week.

Fig. 1 Least squares mean change from baseline in Skin
Pain NRS during 16 weeks of treatment in BREEZE-AD1
(a), BREEZE-AD2 (b), and BREEZE-AD7 (c). *p B 0.05
compared with placebo; **p B 0.01 compared with

placebo; ***p\ 0.001 compared with placebo. Bari baric-
itinib, LSM least squares mean, NRS numerical rating
scale, PBO placebo, SE standard error, TCS topical
corticosteroids

Dermatol Ther (Heidelb) (2021) 11:1599–1611 1603



Statistical Analysis

In this planned exploratory analysis, skin pain
data were analyzed by study to compare treat-
ment difference with least squares means (LSM)
of change from baseline in Skin Pain NRS scores
for weeks 1–16, in which the baseline value was
the mean of the seven daily assessments prior to
the first dose of study drug. The daily diary Skin
Pain NRS scores were used to calculate weekly
averages. Mixed model repeated measures
(MMRM) analysis was used to analyze change
from baseline values. This model used a
restricted maximum likelihood estimation, and
included treatment, region, baseline disease
severity (Validated Investigator Global Assess-
ment for Atopic Dermatitis, vIGA-AD), visit,
and treatment-by-visit interaction as fixed cat-
egorical effects, and baseline and baseline-by-
visit interaction as fixed continuous effects. For
daily diary skin pain assessments, the model for
analyses up to week 16 included all weekly
assessments. Logistic regression was used to
analyze the non-responder imputation (NRI)
data, with region, baseline disease severity
(vIGA-AD), baseline value, and treatment group
in the model. Data after any rescue therapy or
discontinuation were considered missing from
the analysis. Patients who had achieved at least
a 4-point improvement in Skin Pain NRS at
week 16 were considered to be Skin Pain NRS
responders.

The LSM percentage change from baseline in
Skin Pain NRS was calculated for daily scores in
the first week of treatment (day 1–day 7). The
treatment comparisons reported as LSM per-
centage change from baseline were derived as
follows: (LSM change from baseline obtained
from the MMRM analysis/overall mean at
baseline) 9 100. p values for treatment com-
parisons were not controlled by multiplicity.

All data were analyzed with SAS Version 9.4.

RESULTS

A total of 624, 615, and 329 patients were ran-
domly assigned in BREEZE-AD1, BREEZE-AD2,
and BREEZE-AD7, respectively. The baseline
demographics and disease characteristics were

balanced among treatment groups in all three
studies (Table 1).

After 1 week of treatment with baricitinib, all
treatment groups in BREEZE-AD1 (baricitinib
1 mg LSM difference - 0.5, p\0.001; barici-
tinib 2 mg LSM difference - 0.5, p\ 0.001;
baricitinib 4 mg LSM difference - 1.0,
p\0.001), BREEZE-AD2 (baricitinib 1 mg LSM
difference - 0.5, p\ 0.001; baricitinib 2 mg
LSM difference - 0.8, p\0.001; baricitinib
4 mg LSM difference - 1.0, p\0.001), and
BREEZE-AD7 (baricitinib 2 mg LSM difference
- 0.6, p = 0.002; baricitinib 4 mg LSM differ-
ence - 0.8, p\0.001) reported significant
changes from baseline in Skin Pain NRS when
compared with placebo (Fig. 1a, b, c, respec-
tively). This significant improvement in Skin
Pain NRS was maintained across the 16-week
treatment period for patients who received
baricitinib 1 mg and baricitinib 4 mg in
BREEZE-AD1, and patients who received barici-
tinib 2 mg and baricitinib 4 mg in BREEZE-AD2
and BREEZE-AD7. BREEZE-AD7 showed greater
changes from baseline for all treatment groups,
including placebo, owing to the concomitant
use of TCS during the trial.

When assessing the percentage change from
baseline in daily Skin Pain NRS scores during
the first week of treatment, a significant change
was seen as early as the first day after first dose
administration (day 2) for some treatment
groups versus placebo in BREEZE-AD1 (barici-
tinib 4 mg LSM percentage change difference
- 11.9%, p\0.001; baricitinib 2 mg - 6.4%,
p = 0.016; baricitinib 1 mg - 6.2%, p = 0.016),
BREEZE-AD2 (baricitinib 4 mg LSM percentage
change difference - 12.6%, p\0.001; barici-
tinib 2 mg - 5.6%, p = 0.036; baricitinib 1 mg
- 6.9%, p = 0.011), and BREEZE-AD7 (barici-
tinib 4 mg LSM percentage change difference
- 6.9, p = 0.04; baricitinib 2 mg LSM percentage
change difference - 7.9, p = 0.018) (Fig. 2a, b, c,
respectively).

A significantly greater proportion of patients
treated with baricitinib achieved a clinically
meaningful response of at least a 4-point
improvement in Skin Pain NRS compared to
those in the placebo groups in BREEZE-AD1,
BREEZE-AD2, and BREEZE-AD7. After 1 week of
treatment, the baricitinib 4 mg group in
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BREEZE-AD1 (3.3%, p = 0.043), BREEZE-AD2
(5.3%, p = 0.028), and BREEZE-AD7 (11.6%,

p = 0.027) showed significantly higher propor-
tion of patients achieving at least a 4-point

Fig. 2 Least squares mean percentage change from
baseline in Skin Pain NRS during the first week of
treatment in BREEZE-AD1 (a), BREEZE-AD2 (b), and
BREEZE-AD7 (c). *p B 0.05 compared with placebo;
**p B 0.01 compared with placebo; ***p\ 0.001

compared with placebo; arrows indicate the first day of
treatment administration. Bari baricitinib, LSM least
squares mean, NRS numerical rating scale, PBO placebo,
TCS topical corticosteroids
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improvement in Skin Pain NRS versus placebo
(Fig. 3a, b, c, respectively). This improvement in
skin pain severity increases with longer treat-
ment duration, reaching a plateau at approxi-
mately week 5 in BREEZE-AD1, week 4 in
BREEZE-AD2, and week 3 in BREEZE-AD7 for

the baricitinib 4 mg groups. A statistically sig-
nificant proportion of patients achieving
response was observed throughout the majority
of the treatment duration by patients receiving
baricitinib 4 mg in BREEZE-AD1, baricitinib
2 mg and 4 mg in BREEZE-AD2, and baricitinib

Fig. 3 Percent response of patients achieving at least a
4-point improvement from baseline in Skin Pain NRS
during 16 weeks of treatment in BREEZE-AD1 (a),
BREEZE-AD2 (b), and BREEZE-AD7 (c). *p B 0.05

compared with placebo; **p B 0.01 compared with
placebo; ***p\ 0.001 compared with placebo. Bari baric-
itinib, CI confidence interval, NRS numerical rating scale,
PBO placebo, TCS topical corticosteroids
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2 mg and 4 mg in BREEZE-AD7 when compared
with placebo. At week 16, 25.3% of patients
(baricitinib 4 mg; p\0.001) in BREEZE-AD1,
20.0% (baricitinib 4 mg; p\0.001) and 19.0%
(baricitinib 2 mg; p\0.001) of patients in
BREEZE-AD2, and 48.8% (baricitinib 4 mg;
p\0.001) and 45.2% (baricitinib 2 mg;
p = 0.004) of patients in BREEZE-AD7 had
achieved at least a 4-point improvement in Skin
Pain NRS and were considered to be Skin Pain
NRS responders.

For Skin Pain NRS responders, a significantly
larger proportion of patients also achieved at
least a 4-point improvement in DLQI score at
week 16, when compared to the proportion of
Skin Pain NRS non-responders (patients who
achieved less than a 4-point improvement in
Skin Pain NRS at week 16) who achieved at least
a 4-point improvement in DLQI in BREEZE-AD1
(89.2% vs 17.4%, p\ 0.0001; Fig. 4a), BREEZE-
AD2 (92.5% vs 11.8%, p\0.0001; Fig. 4b), and
BREEZE-AD7 (88.3% vs 46.8%, p\ 0.0001;
Fig. 4c). This indicates that improvement in
skin pain was associated with a positive impact
on patient QoL.

DISCUSSION

This analysis of patient-reported data in
BREEZE-AD1, BREEZE-AD2, and BREEZE-AD7
showed that treatment with baricitinib resulted
in rapid improvement in skin pain, with results
seen as early as the first day after first dose
administration (day 2). The effect of baricitinib
on skin pain was observed throughout the
16-week treatment period in these trials, and a
significantly greater proportion of patients
treated with baricitinib achieved clinically
meaningful improvements in Skin Pain NRS
when compared to the placebo groups.

Patients who achieved meaningful improve-
ments in skin pain also demonstrated
improvements in DLQI score, indicating an
association between skin pain and QoL in this
analysis alongside other factors such as itch and
sleep. However, the numbers of patients

Fig. 4 Patients achieving at least a 4-point improvement
in DLQI among Skin Pain NRS responders (at least a
4-point improvement in Skin Pain NRS) vs non-respon-
ders (less than a 4-point improvement in Skin Pain NRS)
at week 16 in BREEZE-AD1 (a), BREEZE-AD2 (b), and
BREEZE-AD7 (c). ***p\ 0.0001. CI confidence interval,
DLQI Dermatology Life Quality Index, NRS numerical
rating scale
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achieving the status of Skin Pain NRS responder
in BREEZE-AD1 and BREEZE-AD2 were quite
small, at N = 65 and N = 53, respectively. This
may have an impact on the analysis. Owing to
the concomitant use of TCS in BREEZE-AD7, a
larger proportion of patients achieved the Skin
Pain NRS response end point compared with the
BREEZE-AD1 and BREEZE-AD2 trials (N = 103),
and a larger proportion of Skin Pain NRS non-
responders achieved at least a 4-point
improvement in DLQI score. Despite differences
in absolute Skin Pain NRS response rates,
drug–placebo differences were similar across
studies.

These data further support previous findings
that baricitinib provides rapid and durable relief
for patients with AD [6, 15]. A recent report has
also shown rapid improvements in itch severity
and sleep disturbance after treatment with
baricitinib [16]. Similar to the improvements in
skin pain, a significant reduction in itch severity
is observed on the first day after first dose
administration (day 2), as well as improvements
seen in patients’ ability to fall asleep, waking
due to itch, and ability to return to sleep after
being woken by itch. This analysis, along with
previously published work [18], also shows that
daily assessment of patient symptoms allows for
early detection of treatment effects.

The implications of this work are important
for patients because of the impact that the
symptom of skin pain in AD has on QoL,
interfering with mental health, sleep, socializ-
ing and leisure activities, and daily living
[9, 19]. Skin pain is common in AD, with up to
61% of patients reporting that they experience
this symptom and 14% describing the pain as
severe or very severe [9, 10]. The mean Skin Pain
NRS score in BREEZE-AD1, BREEZE-AD2, and
BREEZE-AD7 ranged from 5.5 to 6.8 among the
different treatment groups [6, 15]. Although
patients with moderate and severe AD report
higher levels of skin pain than the general
population irrespective of disease control, these
patients do not appear to use analgesic medi-
cation to relieve this pain [13, 20]. Therefore,
systemic medications for the treatment of AD
such as baricitinib may fulfill an unmet need of
these patients suffering from skin pain.

Currently, there is no formal guidance on
the treatment of skin pain in patients with AD
as this symptom is often insufficiently
acknowledged by treating physicians because
of its perceived association with itch [9].
Emollients have not been shown to have any
direct action on skin pain but may have a
protective effect against the formation of
painful lesions by reducing the number of
flares [21], whereas TCI may induce pain
hypersensitivity resulting in a burning sensa-
tion on application [22]. However, many of the
treatments for AD which have been shown to
have efficacy against itch have been poorly
studied for their effect on skin pain [23], and
some patients still experience skin pain despite
otherwise controlled disease [20]. A recent
position paper has proposed a new treatment
algorithm for the management of both itch
and skin pain in patients with AD, where
common analgesics, gabapentinoids, antide-
pressants, JAK inhibitors, topical phosphodi-
esterase 4 inhibitors, and l-opioids could be
considered to treat skin pain which persists
following initial AD treatments [23].

Cytokines such as thymic stromal lym-
phopoietin (TSLP), interleukin (IL)-4, IL-31, and
IL-13 have been implicated in itch in AD via the
histamine-independent pathway. These cytoki-
nes can stimulate the transmission of pruritic
signals along C-fibers by binding to the appro-
priate receptor on peripheral nerve endings,
causing electrical signaling, Ca2? influx, and
activation of JAK-signal transducer and activa-
tion of transcription (STAT) signaling pathways
[24, 25]. JAK-STAT signaling results in the pro-
motion of gene expression associated with
impaired keratinocyte differentiation and pru-
ritus, and chronic pruritus causes activation of
STAT3 in astrocytes of the spinal dorsal horn
[24, 25]. Baricitinib, by blocking the activity of
JAK1 and JAK2, can prevent the pruritogenic
signals of the IL-31 pathway by preventing the
phosphorylation of STAT proteins and their
downstream effects [25]. As the sensory neurons
for itch overlap with those of pain [7], the
mechanism by which baricitinib controls itch
in AD may also explain the effect on skin pain
in these patients.
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Limitations of this work are that it was an
exploratory analysis, the specific anatomical
locations where the skin pain originated were
not identified, and that symptoms reported by
study participants may not have been reported
consistently. Therefore, the data should be
interpreted with caution.

CONCLUSIONS

Baricitinib monotherapy showed a rapid onset
of action, within days of the first dose, for the
clinically burdensome symptom of skin pain in
patients with moderate-to-severe AD. This effect
on skin pain may also influence patient QoL, as
demonstrated by improvements in DLQI in the
skin pain responder group. This analysis further
supports the use of baricitinib in the treatment
of AD.

ACKNOWLEDGEMENTS

We thank the patients, their families, the study
sites, and the study personnel who participated
in the BREEZE-AD1, BREEZE-AD2, and BREEZE-
AD7 studies.

Funding. This study was sponsored by Eli
Lilly and Company, under license from Incyte
Corporation. The journal’s Rapid Service Fee
was funded by Eli Lilly and Company.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author’s Contributions. Amy DeLozier and
Marta Casillas conceived and designed the
study and analysis. Timo Buhl and Pablo Fer-
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