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ABSTRACT

In clinical trials, itch and sleep disturbances associated with atopic dermatitis (AD) are typically assessed
using subjective patient-reported outcomes (PROs). This study explored the clinical validity of algorithms
that derive digital scratch and sleep outcomes from actigraphy data in patients with AD. Algorithms that
had previously shown good agreement with video annotation/polysomnography (“gold standard”) data
were applied to actigraphy data from 664 adults with moderate-to-severe AD in two phase lll
monotherapy studies of baricitinib (BREEZE-AD1 and -AD2). The algorithm-determined percentage of
the “total sleep opportunity” (period spent sleeping/attempting to sleep) spent asleep was moderately
correlated with nocturnal scratch (r=-0.45), with scratch explaining ~25% of sleep variation. Patients in
the lowest quartile for mean hourly nocturnal scratch duration spent 23% more of their total sleep
opportunity asleep, and 107 fewer minutes/night awake after initially falling asleep, than those in the
highest quartile. Digital outcomes and PROs for itch/scratch and sleep disturbance were weakly
correlated (r<0.30). Both PROs and digital endpoints significantly improved with baricitinib 4 mg
whereas placebo treatment led to improvements in PROs but no improvement of digital outcomes.
Findings from this evolving technology indicate that objective digital endpoints can provide clinically
relevant insights that complement PROs.

(195 words)



Introduction

Patients with atopic dermatitis (AD) commonly experience intense itching at night, which leads to
nocturnal scratch, frequent awakenings and poor sleep quality’2. The combination of itch, scratch, pain,
and sleep disturbance creates a profound symptom burden that has a detrimental effect on multiple
domains of patient quality of life3™. Identifying and reducing nocturnal scratch is crucial for improving
sleep and overall wellbeing in patients with AD.

Patient-reported outcomes (PROs) are frequently used to assess nocturnal scratch and sleep in patients
with AD. PROs provide value in clinical research studies because they offer a patient-centric perspective
on disease severity and symptom burden®. However, the subjective nature of PROs introduces several
potential limitations and biases across a range of disease conditions. These include patients’ tendency to
overestimate treatment effects®; fluctuations in patients’ mood and expectations®; problems with
respondent burden and missing data’; language barriers®; patient recall bias, noise, and errors®; and the
potential for item bias®. In relation to AD specifically, many patients are unaware that they are itching
and scratching during their sleep?, and this limits the reliability and utility of PROs for the assessment of
nocturnal itch and scratch.

Digital assessments may avoid many of the limitations of PROs and have the potential to provide
complementary valuable information that may contribute to an understanding of the overall disease
course. Specifically, within the context of AD, digital outcomes offer an objective, passive, continuous
(and typically noninvasive) means of quantifying both the amount of nocturnal scratching (an indirect
correlate of itch in pruritic dermatoses'!) and sleep quality. High-resolution digital wrist actigraphy
(three-dimensional accelerometer sensors sampled at 220 Hz) is a promising method of collecting such
data, and several studies have demonstrated good agreement between nocturnal scratch and sleep
outcomes derived from actigraphy data and both video recordings of patients’ activities and
polysomnography data'*®°, It should be noted that digital actigraphy devices—as used in the current
study—are considerably more accurate than those based on older analog technology (e.g., Schulman et
al.’® as cited in Neishabouri et al.?’).

To ensure that raw digital actigraphy data are translated into meaningful endpoints, the algorithm used
to interpret the data must be able to discriminate among different patient activities with high accuracy,
sensitivity, specificity, precision, and F1 score (a measure that encompasses both sensitivity and
precision) in real-world situations®®. To this end, the algorithm developed by Ji et al.}? addressed some of
the challenges that had remained unmet by groups working in this area. These include limitations
caused by imbalanced data in the existing literature, failure to capture finger scratches, and limited
generalizability to real-world applications. Using actigraphy, highly predictive topological features, and a
model-ensembling approach (i.e., combining multiple individual models to create a single, better,
predictive model), Ji et al.? developed a method of measuring nocturnal scratch duration and intensity
that showed good agreement with manually annotated videos, along with the following performance
parameters: area under the curve, 0.77; accuracy, 0.76; positive predictive value, 0.35; and negative
predictive value, 0.90.

In the post hoc analysis reported herein, we used data from two independent phase lll clinical trials
(BREEZE-AD1 [NCT03334396]% and BREEZE-AD2 [NCT03334422]%) to further explore clinical validation
of the scratch detection algorithm developed by Ji et al.1? A publicly available sleep detection algorithm*



was used to analyze the sleep-related outcomes. The current study had several aims: to evaluate the

relationship between actigraphy-derived digital outcome measures of nocturnal scratching and sleep

disturbances, to compare these findings with those from PROs that evaluate similar endpoints, and to
provide information about the clinical utility of the scratch algorithm employed.



Results
Analysis cohort

Of the 1239 patients enrolled in the BREEZE-AD1 and -AD2 studies, actigraphy data from >1 day were
available for correlation analyses from 1143 (92%). Of these, 664 (54% of the total clinical trial cohort)
had sufficient data for inclusion in the “change from baseline” analyses (see the Methods section for
inclusion criteria).

Demographics of study participants
Table 1

shows the baseline demographic and clinical characteristics of the main study population (both trials
combined) and the participants with actigraphy data who were included in the “change from baseline”
analyses. These two populations were generally similar in terms of demographic and disease severity
characteristics, although the proportion of patients of Asian race was numerically higher in participants
with actigraphy data.

Relationship between scratch and sleep (digital outcomes)

Digital outcomes for scratch and sleep were derived from 1143 patients. Nocturnal scratch and
nighttime sleep were moderately correlated, with Pearson’s correlation coefficient (r) values (positive or
negative) for correlations between the two scratch outcome measures (hourly scratch duration
[absolute value] and scratch intensity) and two of the sleep outcome measures (percent time asleep and
wakefulness after sleep onset; WASQ) ranging from 0.40 to 0.46 (Figure 1). (Digital outcomes are
defined in the Methods section.)

Scratch Intensity
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Duration -0.45 0.41 B 10
0.5
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Fig. 1 | Correlations between digital scratch and digital sleep outcomes. Pearson’s correlation
coefficients for all possible pairs of digital scratch and sleep outcomes (hourly scratch duration, scratch
intensity, percent time asleep, and wakefulness after sleep onset) color coded by magnitude and
direction.

Dividing the scratch duration data from 1143 patients into quartiles and comparing these with the digital
sleep outcomes showed that the percent time asleep was, on average, 23.1% (as an absolute measure)
higher in patients with hourly scratch duration in the lowest quartile (Q1) than in those in the highest
quartile (Q4) (Table 2). Patients in Q1 also spent an average of 107.4 fewer minutes awake after sleep
onset (WASO) than those in Q4.

Using data from 1143 patients, linear regression models of hourly scratch duration (absolute mean
values) on percent time asleep and WASO had r? values of 0.25 and 0.24, respectively (Figure 2),
indicating that approximately 25% of the variation in sleep was explained by scratch duration.
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Fig. 2 | Linear regression of digital scratch duration on digital sleep outcomes. Results of linear
regression of hourly scratch duration (absolute values) on percent time asleep and wakefulness after
sleep onset.

Relationship between digital outcomes and patient- and clinician-reported clinical and quality-of-life
outcomes

Correlations between the digital and clinical/quality-of-life outcomes (which include both patient- and
clinician-reported outcomes derived from 1143 patients) were weak (Figure 3). Correlations between
clinical/quality-of-life outcomes and WASO (0.13-0.24), absolute values of hourly scratch duration
(0.17-0.30), and scratch intensity (0.22-0.31) were weakly positive, indicating that higher values of
these digital outcome measures corresponded to more severe disease states. In contrast, the percent
time asleep findings showed a weak negative correlation with clinical outcomes/quality of life (-0.15 to -
0.28), suggesting that an increased percentage of the total sleep opportunity (TSO) spent asleep was
associated with less severe disease states.
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Fig. 3 | Correlations between digital scratch and sleep outcomes and clinical assessments. Spearman’s correlation coefficients for all possible
pairs of patient- and clinician-reported outcome measures and digital scratch and sleep outcome measures (absolute hourly scratch duration,
scratch intensity, percent time asleep, and wakefulness after sleep onset), color coded by magnitude and direction. ADSS2, Atopic Dermatitis
Symptom Score item 2; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; NRS, Numerical Rating Scale; POEM, Patient
Oriented Eczema Measure; PRO, patient-reported outcome; SCORAD, SCORing Atopic Dermatitis; vIGA-AD, validated Investigator Global
Assessment — Atopic Dermatitis; WASO, wakefulness after sleep onset.



Treatment effect estimation with digital endpoints and clinical outcomes

Table 3 shows the values of digital scratch (hourly scratch duration and scratch intensity) and sleep
(WASO and percent time asleep) outcomes for the placebo and baricitinib 4 mg treatment groups who
participated in actigraphy data collection at baseline and week 4 (N at baseline: placebo, 309; baricitinib
4 mg, 146; N at week 4: placebo, 111; baricitinib 4 mg, 86). At week 4, patients receiving baricitinib 4 mg
showed significant improvements versus placebo in all four outcomes: hourly scratch duration, scratch
intensity, and WASO were lower by, respectively, a mean * standard error of 21.6 £ 5.8 seconds, 0.17 +
0.04 Hz, and 10.8 * 4.5 minutes, and percent time asleep was higher by 3.3 £ 0.9% (p<0.05 for all).

In terms of demonstrating a significant difference between baricitinib 4 mg and placebo in change from
baseline at week 4, the mixed-models repeated measures (MMRM) analysis (Figure 4) showed
consistency between all the “matched” digital and clinical outcomes for the baricitinib 4 mg treatment
arm and for the two paired scratch outcomes in the baricitinib 2 mg treatment arm. However, unlike
clinical assessments, significant improvements in digital outcomes were generally not observed in the
baricitinib 1 mg treatment arm, and there was no evidence of a placebo effect.
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Fig. 4 | Comparison of treatment effect estimation using digital and traditional clinical outcomes.
Least square means (+ standard error) of the change from baseline in BREEZE-AD1 and BREEZE-AD?2
(combined) at weeks 1 through 4, without multiplicity adjustments, for traditional clinical outcomes
(upper panel) and digital outcomes (lower panel) for the placebo and active treatment arms. The data
shown relate only to study participants who participated in actigraphy data collection. The data were
assessed using mixed-models repeated measures analysis incorporating treatment, geographic region,
baseline validated Investigator Global Assessment — Atopic Dermatitis, visit, treatment-by-visit
interaction, value at baseline, and baseline-by-visit interaction as fixed effects, and subject and subject-
by-visit interaction as random effects. P values represent statistical significance vs. placebo. ADSS2,
Atopic Dermatitis Symptom Score item 2; BARI, baricitinib; EASI, Eczema Area and Severity Index; NRS,
Numerical Rating Scale; PBO, placebo; SCORAD, SCORing Atopic Dermatitis; WASO, wakefulness after
sleep onset.



Discussion

Objectively and continuously quantifying both the magnitude (duration and intensity) of nocturnal
scratching and the resulting nighttime sleep disturbance in patients with pruritic conditions, including
AD, would provide meaningful data to augment the information currently provided by PROs41821 Ag 3
result, the use of wearable devices to measure scratch during sleep has been the subject of considerable
research®, However, the actigraphy data reported to date are limited in extent and involve relatively
small numbers of subjects!®?223,

Digital health technologies enable remote, patient-centered data collection and provide real-time
insights in clinical settings. As their adoption grows in daily life and clinical care, the need for evidence
supporting their use in capturing clinical trial endpoints is also increasing. A framework for reusing
existing verification, analytical, and clinical validation data for established digital health technologies
was proposed, the aim of which is to maximize the value of prior work?*.

We leveraged our previous work in the development of algorithms for nocturnal scratch and a
previously published algorithm for sleep!* using a wrist-worn digital actigraphy device?. For clinical
validation, these algorithms were applied to the data collected from two large randomized controlled
clinical trials that evaluated the efficacy and safety of an oral selective Janus kinase (JAK) 1/JAK 2
inhibitor in adult patients with AD?>. These trials offered an opportunity to analyze both pre- and post-
treatment data from a large cohort of patients with AD. The objective of the current analysis was to
explore the relationship between nocturnal scratching and sleep using digital outcome measures and to
examine how these digital metrics correlate with traditional patient- and clinician-reported outcomes.

The accuracy of any digitally measured outcome is substantially dependent on the algorithm used in its
derivation. In the setting of AD, of fundamental importance is the algorithm’s ability to detect skin
contact movements induced by itching. These can include scratching, picking, and rubbing, including
rubbing the pruritic site with a leg/foot or, when the patient is in bed, on part of the bed or
bedding??126, Although some of these movements will not be detected by any wrist-worn actigraphy
device?®, actigraphy remains an important and relatively well-studied methodology in this field®®, The
algorithms used in the current study were carefully chosen based on their confirmed analytical and
clinical validity. The nocturnal scratching algorithm utilized a combination of predictive models and
topological features to enhance the accuracy of scratch detection, particularly in measuring duration
and intensity?2. The algorithm was validated using video recordings as ground truth (gold standard). The
sleep algorithm applied in this report used accelerometer and temperature data captured by wrist-worn
wearable devices for monitoring sleep®. The developers of the algorithm used a multi-step approach—
first detecting intended sleep periods, then classifying the sleep—wake state!*. Digital measures of sleep
guantity showed high correlation with corresponding reference measures of sleep quantity obtained
from polysomnography*, which is the gold standard in sleep assessment?’. This prior validation work
provides strong support for the validity of the digital data presented in this study and supports their
value as a true reflection of the patient’s actual experience without the risk of the multiple forms of bias
that are associated with PROs?,

Baseline data served an important role in allowing us to examine the relationship between digital
outcomes and their associations with both patient- and clinician-reported outcomes and in evaluating
the effect of treatment on the digital outcomes. Baseline values were calculated as the mean of the
values from the 7 days for which data were available within the 14-day window prior to the first study



drug administration. Subjects with fewer than 7 days of data from either wrist within the 14-day window
were excluded from the analysis. Digital nocturnal scratch and sleep measures showed moderate
correlations, with r values between 0.40 and 0.46 (positive or negative) for hourly scratch duration and
scratch intensity versus percent time asleep or WASO. Compared with patients in the highest quartile,
those in the lowest quartile for hourly scratch duration had a mean percent time asleep that was 23.1%
(as an absolute measure) higher and a mean number of minutes awake after sleep onset that was 107.4
minutes lower. This analysis also demonstrated that approximately 25% of the variation in sleep could
be explained by scratch duration. These findings highlight the significant burden that nocturnal
scratching places on sleep outcomes in patients with moderate to severe AD.

Digital and clinician-/patient-reported outcomes were correlated, showing weak associations. Higher
WASO, hourly scratch duration, and scratch intensity weakly correlated positively with clinician-reported
assessments of disease severity (r: 0.20-0.31), patient-reported assessments of itch and sleep (r: 0.13—
0.30), and patient-reported assessments of quality of life (r: 0.13-0.27), whereas percent time asleep
showed weak negative correlations with these outcomes (clinician-reported assessments of disease
severity [r: -0.24 to -0.28], patient-reported assessments of itch and sleep [r: -0.16 to -0.25], and patient-
reported assessments of quality of life [r: -0.15 to -0.18]). Comparisons between the digital and
traditional outcomes in the current study mirror those from previous investigations, with both Yang et
al.®® and Murray and Rees'® reporting low correlations between digital actigraphy-based evaluation of
scratch and subjective (visual analog scale) measures of itch in patients with pruritic conditions. In the
current study, the weak correlations between the digital and subjective outcomes (Figure 3) support
some degree of consistency between these endpoints. However, several factors may explain why digital
measures of scratching and PROs in AD do not always strongly correlate. First, PROs are subjective and
can be influenced by the recall period® or mood®, whereas digital tools capture real-time, objective
data, often over different timeframes. In addition, PROs that focus on itch may capture impacts of itch
beyond physical scratching, such as frustration or sleep disruption®®. Itch itself is complex and shaped by
various personal and psychological factors, including variation in patients’ experience and interpretation
of itch, so scratching may not always reflect actual itch severity®®. Finally, digital sensors may miss subtle
scratching or misclassify movements, leading to gaps in data®.

To further explore the apparent weak correlations between the digital endpoints and PROs, we
compared baseline digital sleep and scratch outcomes (upper vs. lower tertiles) with PRO-based severity
categories in the 664 patients included in the MMRM analysis (see Supplementary table). Patients with
better objective sleep (higher percent time asleep and lower WASO) were more likely to fall into the
least severe sleep-loss category. This concordance was most evident for SCORAD sleep loss, the most
evenly distributed PRO, and suggested that some patients with objectively poor sleep were not captured
by the PRO categories. These findings indicate that the digital endpoints provide complementary
information beyond PROs rather than simply replicating them. Digital scratch endpoints and itch PROs
showed a similar pattern.

Taken together, data from the current study and those published previously indicate that both
subjective (PRO) and objective assessment of itch/scratch have value. However, the limitations of
PROs—particularly in pediatric patients or when used to record nighttime itch, where recollection can
be particularly problematic3'—support the value of objective measures of scratch for both improving
our understanding of itch and evaluating the efficacy of treatments.



Actigraphy data from the BREEZE-AD1 and -AD2 studies enabled validation of scratch and sleep
algorithms in a large trial. After 4 weeks of treatment with baricitinib 4 mg, patients showed mean
reductions in hourly scratch duration, WASO, and scratch intensity and a mean increase in percent time
asleep—all of which would be expected to align with a positive effect of treatment on quality of life3234,
The improvements in these outcomes were all significant when compared with placebo, with mean
placebo-adjusted decreases from baseline in the baricitinib-treated group of 21.6 seconds in hourly
scratch duration, 10.8 minutes in WASQ, and 0.17 Hz in scratch intensity and an increase versus placebo
of 3.3% in percent time asleep. The baricitinib 2 mg group had similar digital nocturnal scratch
outcomes. Although PROs indicated benefits for itch and sleep in the baricitinib 1 mg group, digital
endpoints did not show significant changes. Notably, digital outcomes gave no suggestion of a placebo
response, whereas PROs suggested some benefit of placebo. Although this observation should be
interpreted with caution, it may highlight the ability of digital devices to isolate true treatment effects.

This study has several limitations. First, wrist-based detection only captures some scratching types,
missing non-hand and finger-only scratches®®. Adding a gyroscope may improve accuracy for certain
subjects, but its effectiveness varies'??? and research with combined sensors has shown mixed results??.
Additionally, these studies measured scratch rather than itch—the assumption that scratch is a reliable
proxy for itch remains questionable® and warrants further investigation. Device number and placement
may also affect the data, with prior work reporting better performance if data are captured from both
hands?2. In the current study, the use of actigraphy devices on both wrists was optional. The sample size,
although relatively large (n=664) when compared with the smaller cohorts in other studies'**8, could still
limit generalizability. It should also be noted that these 664 patients comprised only 54% of the total
clinical trial cohort and that there was a bias towards the involvement of Asian patients. The study
cohort thus represents a self-selected subgroup which could potentially differ systematically from those
who did not opt in to the actigraphy trial. This was not explored in the analysis. In addition, there was
substantial attrition between baseline and week 4, a factor that could potentially be associated with bias
within the dataset and that will have influenced the statistical power of the analyses. Further to this
point, it should be noted that no multiplicity correction was incorporated into the analyses performed in
this study. An additional potential limitation is that only 4 of 16 treatment weeks involved actigraphy,
limiting our ability to detect treatment effects: in BREEZE-AD1 and -AD2, the proportion of patients
achieving the primary efficacy endpoint (validated Investigator Global Assessment of Atopic Dermatitis
[VIGA-AD] score of 0 or 1) generally increased, for all baricitinib doses, between weeks 4 and 16%, and it
is assumed that the digital data would show a corresponding increase in effect over this time period.
Finally, the digital data showed some variability, a factor that will limit the likelihood of achieving
statistical significance. This variability is related to the finer granularity of digital versus patient-reported
outcomes in detecting patients’ sleep and scratch patterns.

To our knowledge, this is the largest randomized, placebo-controlled dataset to evaluate actigraphy-
measured digital nocturnal scratch and sleep outcomes in patients with moderate to severe AD. The
study corroborates previous reports on the low correlation between objective digital outcomes and
subjective patient-reported outcomes. This highlights the need for multimodal assessment strategies
that integrate objective data with subjective experiences to better understand and manage pruritic
conditions such as AD. Along with others, this study demonstrates that actigraphy could become a
meaningful tool for characterizing nocturnal scratch in patients with AD, with potential utility for clinical
research, regulatory purposes, and potential real-world utilization. However, before this potential can
be fulfilled, additional evaluation of the psychometric properties of the tools and validation of digital
endpoints is necessary. This could be achieved in future clinical trials by incorporating mandatory
wearing of actigraphy devices and inclusion of digital outcomes as part of the pre-specified data analysis
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plan. Replication of validation of digital outcomes across different placebo-controlled studies in a range
of target patient populations with disease that ranges in severity from mild to severe would also be
helpful. If clinical use is to be pursued, assessment of feasibility will also be important. Studies such as
the one reported here that compare actigraphy-based and PRO data will continue to shed light on the
relative merits of these different methods of assessing the severity of disease, the relationship between
itch and scratch, the impact of AD on sleep quality, and the effects of interventions on symptoms that
are important determinants of quality of life.
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Methods

Detailed descriptions of the design, inclusion and exclusion criteria, and methodology of BREEZE-AD1
(NCT03334396)*° and BREEZE-AD2 (NCT03334422)% were reported previously?. Briefly, these two
clinical trials were identically designed 16-week, randomized, double-blind, parallel-group, placebo-
controlled trials that recruited patients aged 218 years with moderate-to-severe AD (vIGA-AD score 23;
Eczema Area and Severity Index [EASI] score 216; 210% body surface area involvement). Patients were
randomized in a 2:1:1:1 ratio to receive once-daily placebo or 1 mg, 2 mg, or 4 mg of the oral selective
JAK 1 and JAK 2 inhibitor, baricitinib. Prior to randomization, topical and systemic treatments for AD
were discontinued for at least 2 and 4 weeks, respectively.

Both trials were conducted in accordance with the Declaration of Helsinki and Good Clinical Practice
guidelines and were approved by the institutional review board or ethics committee at each
participating site. All eligible patients provided written informed consent®. Details of clinician-reported
outcomes and PROs were described in detail in previous reports?>*, The aim of this post hoc analysis
was to evaluate the performance of actigraphy-derived digital outcome measures that focus on
nocturnal scratching and sleep disturbances (i.e., to undertake their clinical validation) and to compare
them with PRO measures that evaluate related endpoints.

Digital outcomes: Data collection

Digital data were collected from the patients enrolled in BREEZE-AD1% and BREEZE-AD2%* who
consented to actigraphy data collection and who wore GENEActive actigraphy devices (Activinsights,
Kimbolton, Cambridgeshire, England). These devices collect ambient temperature (°C) and raw
acceleration data in x, y, and z directions at a sampling frequency of 20 Hz. In both trials, actigraphy data
collection commenced 2 weeks before randomization and continued up to study week 4 (Figure 5).

Patients consenting
Patients  to actigraphy data
randomized  collection (not
(total cohort)  randomized)

N N
g 493 ———— 259 — Placebo QD
BREEZE-AD1: N=624 E 252 ——— 140 — Baricitinib 1 mg QD
BREEZE-AD2: N=615 E 246 ———— 132 — | Baricitinib 2 mg QD
&:" 248 ——— 133 — Baricitinib 4 mg QD
o Screening and washout =t

Actigraphy data collection gt
Primary BREEZE-AD1
and -AD2 endpoint
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Fig. 5 | Design of the BREEZE-AD1 and BREEZE-AD2 studies showing the period of actigraphy data
collection. QD, once daily; W, week.

Wearing an actigraphy device was optional during BREEZE-AD1 and BREEZE-AD?2. Subjects who chose to
participate were provided with two devices and were instructed to wear one on at least one wrist during
the night. Only data from subjects who wore at least one actigraphy device were included in the
analysis. If the subject wore a device on both wrists, data from both devices were used in the analysis.
Overnight periods when the device was not worn were treated as missing and excluded from the
analysis without imputation. Treatment effects that required baseline values were only estimated for
subjects for whom baseline data were available.

Digital outcomes extraction

The assessed digital endpoints related to scratch duration and intensity and to time spent asleep and
awake during the night. The initial step in assessing the digital endpoints was therefore to identify the
TSO window. This was defined as the period during which subjects were either sleeping or attempting to
sleep. In this manuscript, the term “night” refers specifically to the period of the TSO window.

TSO was derived using open-source packages®®, with “non-wear” periods removed before its derivation.
Actigraphy device non-wear periods were identified based on meeting at least one of the following
criteria:

1) >10 consecutive minutes without any movement!? and temperature <25°C**
2) =30 consecutive minutes with temperature <25°C
3) 240 consecutive minutes without any movement.

For each subject and each night, the timeseries within the TSO period was segmented into 3-second
windows and a pre-trained machine learning model was applied to classify each window as either
“scratch” or “no scratch”!2. These 3-second windows were then aggregated to determine the hourly
scratch duration and scratch intensity endpoints. Similarly, a publicly available sleep detection heuristic
algorithm was employed to classify each 1-minute window as either “sleep” or “non-sleep”**. This
classification was based on accelerometer data and a hand motion-based sleep algorithm. If a patient
experienced multiple sleep periods within a 24-hour period, the algorithm designated the longest of
these periods as their time asleep. Use of this algorithm allowed calculation of the percent time asleep
and WASO outcomes (Table 4).

Hourly scratch duration was calculated by summing the scratch durations for each night within the TSO
window and dividing by the total number of hours in the TSO window. The resulting hourly scratch
duration values could range from 0 to 3600 seconds. To address this large range, the data were
transformed to an ordinal scale ranging from 1 to 10, based on percentiles of the original baseline data.
This transformation preserved the ability to reflect disease severity while reducing the range of the data.
Table 4 shows the digital endpoints extracted and their interpretations. All endpoints were calculated as
mean values within each night’s TSO, over 7 days within the 14-day baseline period, and over four
consecutive 7-day periods within the on-treatment period.

Digital outcomes: Definition of baseline and on-treatment measures
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For all digital outcomes, baseline values were computed as the mean of the values from the 7 days for
which actigraphy data were available, within the 14-day window before the first study drug
administration, that were closest to the date of the first drug administration. These 7 days could be
consecutive or non-consecutive. Subjects with fewer than 7 days of data from either wrist within the 14-
day window were excluded from the analysis. On-treatment values were reported at weeks 1, 2, 3, and
4 after initiation of treatment (i.e., 7, 14, 21, and 28 days after treatment initiation). Each of these values
was computed as the mean of the values obtained in the 7 days prior. Within any 1 week, these values
could be derived from 4-7 nights of data collection. If a patient had fewer than 4 nights of data for any
digital outcome during any on-treatment week, their data for that outcome were removed from the
analysis.

Patient- and clinician-reported outcomes: Definition of baseline and on-treatment measures

The definitions of baseline and on-treatment measures were consistent with the original study analysis
plan. The baseline values for each patient’s daily diary PRO assessments (ltch Numerical Rating Scale
[NRS], skin pain NRS, and Atopic Dermatitis Symptom Score [ADSS]) were—ideally—the means of the
assessments in the 7 days before the date of first study drug administration. For patients with fewer
than four recorded values for any individual outcome during this 7-day period, the baseline period was
extended up to 14 days before study drug administration, and the four most recent assessments were
used in calculation of the mean. Patients with fewer than four assessments in the 14-day pre-drug
administration period were recorded as having no baseline value for that outcome. In the post-baseline
period, the mean of all non-missing assessments made during each of weeks 1, 2, 3, and 4 after
initiation of treatment were accepted for analysis, with no lower limit on the number of assessments
required for the recording of a value within a week.

Clinician- and patient-assessed outcome measures of disease and symptom severity (Dermatology Life
Quality Index, EASI, Patient-Oriented Eczema Measure [POEM], SCORing Atopic Dermatitis [SCORAD],
vIGA-AD) were scored at screening, baseline (i.e., on the day of treatment initiation), and at the end of
on-treatment weeks 1, 2, and 4%°.

Statistical analysis

All analyses were performed using Python version 3.6+ and R version 4.5.1. Data relating to patient
demographics and disease characteristics were analyzed using descriptive statistics. Statistical analysis
of the digital endpoint data concentrated on three key areas: the relationship between scratch behavior
and sleep as assessed using digital outcome measures; the association between digital outcome
measures and traditional clinical assessments; and the clinical significance of digital outcomes. Where
correlation analyses were performed, Pearson’s correlation was used when all the data were numeric
and Spearman’s correlation when some of the measures were ordinal. Digital data from each patient-
day were only included in the analysis if the TSO from which they were derived was at least 3 hours in
duration on that day.

To examine the relationship between scratching behavior and sleep, pairwise Pearson’s correlations
between digital scratch outcome measures (hourly scratch duration [absolute values] and scratch
intensity) and digital sleep outcome measures (percent time asleep and WASO) were calculated.
Subsequently, the hourly scratch duration data (absolute values) were divided into quartiles and the
mean = standard deviation percent time asleep and WASO within each quartile was calculated. This
approach allowed for a direct comparison of sleep quality across patients with different scratch
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durations. To further elucidate the extent to which variations in sleep could be attributed to scratching
duration, linear regression analysis was employed, with percent time asleep and WASO as response
variables and hourly scratch duration (absolute values) as the covariate.

To understand the relationship between digital and clinical assessments, pairwise Spearman’s
correlations were calculated between all possible pairs of the following outcomes using data from the
participants who underwent actigraphy:

e Digital outcome measures: percent time asleep, WASO, hourly scratch duration (absolute
values), scratch intensity

e PROs: Dermatology Life Quality Index, POEM, SCORAD sleep loss, Itch NRS, ADSS item 2 (number
of nighttime awakenings due to itch)

e Clinician-reported outcome measures: vVIGA-AD, EASI total score.

Baseline data were included in all the analyses described above. However, the absence of baseline data
for any individual patient did not preclude use of their on-treatment data.

Finally, to evaluate the treatment effects as estimated by the digital assessments, a methodology akin to
that used in the original study by Simpson et al.* was adopted. Specifically, a mixed-models repeated
measures analysis was employed, using data only from participants who underwent actigraphy. The
model incorporated treatment, geographic region, baseline vIGA-AD, visit, treatment-by-visit
interaction, value at baseline, and baseline-by-visit interaction as fixed effects and subject and subject-
by-visit interaction as random effects®. This analysis evaluated change from baseline in the clinical
assessments that aligned most closely in evaluation purpose with the digital outcome measures (change
from baseline in ADSS item 2 [number of nighttime awakenings due to itch] and SCORAD sleep loss, and
percentage change from baseline in Itch NRS, and EASI total score) and the digital outcome measures
used in the previous analyses (percentage change from baseline in scratch intensity and change from
baseline in percent time asleep, WASO, and hourly scratch duration [ordinal values]). Ordinal (rather
than absolute) values of hourly scratch duration were used because these data showed lower variability
and hence a better ratio of signal (treatment-associated change in scratch duration) to noise. When
shown graphically, the percent time asleep data were inverted. Statistical significance was ascribed if
p<0.05.No correction was made for multiplicity.
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Table 1 | Patient demographics and disease characteristics at baseline

Characteristics BREEZE-AD1 and -AD2 combined Participants with actigraphy data collected who were
included in the “change from baseline” analyses

PBO Bari 1 mg Bari 2 mg Bari 4 mg PBO Bari 1 mg Bari 2 mg Bari 4 mg
(N=493)" (N=252)" (N=246) (N=248) (N=259) (N=140) (N=132) (N=133)

Age, years 354+12.8 I 343+114 I 35.2+134 I 355+13.6 | 345+11.8 I 33.5+11.2 I 36.1+12.9 I 35.4+13.8
Female sex 191 (38.7) 94 (37.3) 99 (40.2) 83 (33.5) 103 (40.0) 49 (35.3) 55 (41.7) 44 (33.1)

Race | |

White | 316 (64.4) 159 (63.1) 160 (65.0) 152 (61.5) | 154 (59.5) 82 (58.6) 84 (63.6) 83 (62.4)
Asian | 145 (29.5) 76 (30.2) 72 (29.3) 79 (32.0) | 93 (35.9) 50 (35.7) 47 (35.6) 46 (34.6)

DEiEn SinEE A eleEress; 25.6+14.8 2524140 246+142 23.7+149 | 249+133 23.4+135 256+139 23.0+13.9

Moderate (7.1-21.0)

years
Weight, kg | 72.6 £15.6 74.4+169 733£16.3 73.5+16.1 | 71.9+16.3 73.8+17.3 71.6£15.0 73.5+16.1
BMI, kg/m? | 25.0+4.4 253+49 253+51 2514423 | 249+45  249+50 247442  251+4.4
Geographical region | |

EU | 257 (52.1) 131 (52.0) 127 (51.6) 132 (53.2) | 128 (49.4) 68 (48.6) 67 (50.8) 68 (51.1)

Japan | 90(183) 45(17.9) 43 (17.5) 45(18.1) | 58(22.4) 29 (20.7) 31(23.5) 27 (20.3)

Other | 146 (29.6) 76 (30.1) 76 (30.9) 71(28.7) | 73 (28.2) 43 (30.7) 34 (25.8) 38 (28.6)
VIGA-AD | |

Score of 3 | 267 (54.2) 135 (53.8) 132 (53.7) 134 (54.0) | 145 (56.0) 84 (60.0) 75 (56.8) 76 (57.1)

Score of 4 | 226 (45.8) 116 (46.2)  114(463) 114 (46.0) | 114 (44.0) 56 (40.0) 57 (43.2) 57 (42.9)
EASI | |

All patients | 32.3+129 31.0+124 32.8+14.1 32.5+£12.7 | 32.4+£13.2 29.9+12.2 32.7£14.0 31.9+12.5

|

115 (23.3) 68 (27.0) 55 (22.4) 56 (22.6) | 56 (21.6) 41 (29.3) 30(22.7) 33 (24.8)

20




Severe (21.1-50.0) | 319 (64.7) 162 (64.3) 155 (63.0) 164 (66.1) | 170 (65.6) 89 (63.6) 84 (63.6)

Very severe (50.1-72.0) | 59 (12.0) 21(8.3) 36 (14.6) 28 (11.3) | 33(12.7) 10 (7.1) 18 (13.6)
SCORAD | |

All patients 67.9+13.3 66.5+13.7 68.6 £13.1 68.0+13.2 67.2£13.2 65.2£13.6 67.6£13.6

Moderate (25-50) 47 (9.5) 32(12.7) 18 (7.3) 21 (8.5) 25(9.7) 20(14.3) 12 (9.1)

Severe (>50) 445(90.3)  219(86.9)  228(92.7) 227 (91.5) | 234(90.3) 120 (85.7) 120 (90.9)
Body surface area affected, % 5241224 50.9+21.8 52.2+24.2 53.0+£21.6 52.5+22.6 49.0+20.9 52.0+23.2
Itch NRS | 6.81t2.1 6.2+2.1 6.5+2.2 6.5+2.1 | 6.7+2.1 6.0+2.1 6.4+2.1
Skin Pain NRS | 6.1+25 56125 6.0+2.6 59+25 | 6.0+2.5 53+25 59+24
ADSS item 2 | 26+4.0 20128 22135 26+4.1 | 25+4.1 19+3.1 21+3.6

86 (64.7)
14 (10.5)

67.3+12.4
12 (9.0)

121 (91.0)

52.3+£22.3

6.5+2.2
59+2.6
2.3+3.8

Data are provided as mean * standard deviation or n (%) unless otherwise stated.

Severity data missing at baseline for EASI (one patient in the baricitinib 1 mg-treated group) and SCORAD (one patient each in the placebo- and
baricitinib 1 mg-treated groups).

For all the disease characteristic outcomes reported, a higher score indicates greater disease severity. vVIGA-AD measures the Investigator’s
Global Assessment of disease severity based on a static 5-point scale from 0 (clear skin) to 4 (severe disease). EASI assesses the extent (area) and
severity of disease; scores range from 0 to 72 (severity categories per Leshem et al.®). Itch NRS ranges from 0 (no itch) to 10 (worst itch
imaginable). Skin Pain NRS ranges from 0 (no skin pain) to 10 (worst skin pain imaginable). ADSS item 2 assesses the frequency of night-time
awakenings due to itch the previous night on a scale of 0-29. SCORAD is a combined score of investigator-reported disease severity, affected
body surface area, and patient-reported symptoms of itch and sleep dysfunction; scores range from 0 to 103 (severity categories per Oranje et
al.®).

AD, atopic dermatitis; ADSS, Atopic Dermatitis Sleep Scale; Bari, baricitinib; BMI, body mass index; EASI, Eczema Area and Severity Index; EU,

European Union; NRS, Numerical Rating Scale; PBO, placebo; SCORAD, SCORing Atopic Dermatitis; viIGA-AD, validated Investigator’s Global
Assessment of Atopic Dermatitis.
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Table 2 | Hourly scratch duration (quartiles) vs. digital sleep data

Hourly scratch Mean hourly scratch Percent time asleep WASO (min)
duration quartile duration (sec)

Q1 [<25%] 20.1+5.6 88.2+9.5 44.8 +38.7
Q2 [25%™, 50t 37.8+£5.5 80.6+12.0 76.4 £50.7
Q3 [50t, 75t 63.5+10.2 74.8+12.8 102.9 £57.9
Q4 [>75"] 167.2+131.4 65.1+14.5 152.2 +£82.1

All data are presented as mean + standard deviation.

min, minutes; Q, quartile; sec, seconds; WASO, wakefulness after sleep onset.
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Table 3 | Digital sleep and scratch outcomes for placebo- and baricitinib 4 mg-treated patients at
baseline and week 4

Outcome

HSD

(sec’)

SI
(Hz')

WASO

(min")

PTA
(%)

Placebo
Baseline
Week 4

Week 4: Change
from baseline,
mean + SE

Week 4: Percentage
change from
baseline, mean

67.6+45.1
71.0+53.7

12.2+3.8

18.0

0.95+0.23
0.92+0.25
0.00+0.01

0.23

97.2+52.6
88.3+554

-0.5+£3.1

76.3+12.9
77.9+14.3

-0.1+£0.7

Baricitinib 4 mg
Baseline
Week 4

Week 4: Change

67.1+41.3
56.7 £39.7
-94+44

1.00£0.33
0.86 £0.27

-0.17 £0.03

101.3 +55.0
88.5+55.0
-14.2+4.7

74.9+13.6
78.6+12.7

43+0.9

from baseline,
mean * SE

Week 4: Percentage -14.0 -17.24 -14.0 5.7
change from
baseline, mean

Between-group
difference in change
from baseline at
week 4

Baricitinib 4 mg — -21.6 + 5.8%** -0.17 £ 0.04*** -10.8 £ 4.5* 3.3+ 0.9%**

placebo, mean * SE®

Difference in mean -32.0 -17.47 -13.5 5.9
percentage change,
baricitinib — placebo

Data are presented as mean * standard deviation unless otherwise indicated.

* p<0.05 vs. placebo; *** p<0.001 vs. placebo.

" Units relate to absolute values at baseline, week 4, and change from baseline data only.

§ SI, WASO, and PTA data derived from MMRM analysis; HSD mean and SE values based on aggregated
mean, p-value derived from MMRM analysis.

HSD, hourly scratch duration; MMRM, mixed-models repeated measures; PTA, percent time asleep; SD,
standard deviation; SE, standard error; SI, scratch intensity; WASO, wakefulness after sleep onset.
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Table 4. Digital outcomes

Outcome

Interpretation

Hourly scratch duration (seconds)

Hourly scratch duration (ordinal)
Scratch intensity (Hz)
Percent time asleep

Wakefulness after sleep onset
(minutes)

Mean scratch duration per hour during the TSO

Ordinal measure (range 1-10); transformed from original
value based on percentile within the baseline data

Mean dominant frequency of hand movement in all scratch
events during the TSO

Percent of TSO spent asleep

Total number of minutes awake during the TSO after
initially falling asleep

TSO, total sleep opportunity.
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