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ABSTRACT

Introduction: Hidradenitis suppurativa (HS)
is a chronic inflammatory disease characterised
by painful skin lesions which negatively impact
patients’ physical and mental wellbeing. The HS
Symptom Daily Diary (HSSDD) and HS Symp-
tom Questionnaire (HSSQ) are patient-reported
outcome (PRO) tools capturing patient-perceived
severity of HS symptoms. Here, we report the
psychometric properties of HSSDD and HSSQ
along with score interpretation thresholds.

Methods: Pooled data from patients with mod-
erate to severe HS in two phase 3 studies (BE
HEARD I II) were analysed. Test-retest reliability
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was evaluated using intraclass correlation
coefficients (ICCs). Convergent validity was
assessed between the HSSDD (N=934) and HSSQ
(N=1007) compared with relevant PROs and cli-
nician-reported outcomes (ClinROs) at baseline
and Week (Wk)16. Known-groups validity was
assessed, comparing HSSDD and HSSQ scores
between participant subgroups pre-defined using
PRO/ClinRO measures (Patient Global Impres-
sion [PGI] of HS severity, Hurley stage, Interna-
tional HS Severity Score System). Responsive-
ness was evaluated by correlating changes from
baseline to Wk16 in HSSDD and HSSQ scores
with changes in PGI scales. Clinically meaning-
ful within-patient improvement thresholds were
estimated using anchor- and distribution-based
analyses. Symptom/impact severity thresholds
were estimated using receiver operating charac-
teristic curve analyses.
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Results: At Wk16, HSSDD and HSSQ comple-
tion rates were 70.1% and 90.2%, respectively.
Test-retest reliability analyses demonstrated good
score reproducibility (ICC: HSSDD: 0.80-0.86;
HSSQ: 0.73-0.82). Correlations between HSSDD
and HSSQ scores and other PROs/ClinROs were
generally consistent with predefined hypotheses,
indicating good convergent validity. HSSDD and
HSSQ scores discriminated between pre-defined
subgroups, confirming known-groups validity.
Sixteen-wk changes from baseline in HSSDD

and HSSQ scores and anchors were moderately to
strongly correlated (>0.30), establishing respon-
siveness. Interpretation thresholds for both
HSSDD and HSSQ were estimated.

Conclusion: HSSDD and HSSQ item scores
demonstrated good psychometric performance
in participants with moderate to severe HS. The
clinically meaningful severity thresholds defined
here could be used to assess treatment efficacy.
Clinical Trial registration: NCT04242446;
NCT04242498.
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PLAIN LANGUAGE SUMMARY

Hidradenitis suppurativa (HS) is a chronic skin
condition that causes lesions and painful lumps
under the skin. HS can affect patients’ lives by
causing pain, emotional distress and difficulty
completing daily activities. Currently, there are
few medications to treat HS. To understand the
impact and effectiveness of new treatments, it
is important to look beyond clinical outcomes
and capture patient experience. To measure the
patient’s perspective and more specifically symp-
tom experience, self-completed questionnaires
such as the HS Symptom Daily Diary (HSSDD)
and HS Symptom Questionnaire (HSSQ) were
developed. The HSSDD and HSSQ determine
patients’ perspective on the severity of their HS
symptoms (pain, itch, smell or odour and drain-
age or oozing). Two phase 3 trials used HSSDD
and HSSQ to investigate patients’ perspective on
the severity of their symptoms. We conducted a
series of statistical analyses to assess the validity,
reliability and robustness of both questionnaires.
We found that HSSDD and HSSQ could assess
patients’ experience of symptoms. We showed
that both questionnaires were sensitive enough
to reveal changes over time. Furthermore, both
questionnaires were able to distinguish between
patient groups with different levels of HS symp-
tom severity. We also established thresholds
that will help clinicians determine whether an
improvement in a patient’s HSSDD/HSSQ scores
are meaningful to the patient. The results from
this study show HSSDD and HSSQ are reliable
patient-completed questionnaires that could be
useful in informing treatment choices.

Hidradenitis
outcomes;

Keywords: Bimekizumab;
suppurativa; Patient-reported
Psychometric validation; Symptoms

Key Summary Points

Why carry out this study?

The Hidradenitis Suppurativa Symptom Daily
Diary (HSSDD) and HS Symptom Question-
naire (HSSQ) are patient-reported outcome
(PRO) measures that have been specifically
developed to capture patient-perceived sever-
ity of core HS symptoms (pain, itch, smell or
odour and drainage or oozing) over the last
24 h (HSSDD) or 7 days (HSSQ).

It is essential to evaluate the psychometric
properties of an outcome measure to ensure
it is fit for purpose in the context of use to
assess the efficacy of a treatment in patients
with moderate to severe HS.

It is also important to determine clinically
meaningful within-patient change and sever-
ity thresholds for that outcome measure to
help interpret scores.

What was learned from the study?

The results from this study show that both
HSSDD and HSSQ are valid, reliable and
responsive (i.e. fit for purpose) PRO measures
for HS symptoms. The study has also defined
clinically meaningful within-patient thresh-
olds that can assist with interpreting the
scores derived from these measures.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/m9.
figshare.28228928.
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INTRODUCTION

Hidradenitis suppurativa (HS), which affects
approximately 0.4-1.0% of the population
globally, is a chronic, relapsing and debilitating
inflammatory skin disease [1]. Characterised by
painful inflammatory nodules, abscesses and
draining tunnels, HS is associated with a signifi-
cant detrimental impact on patients’ quality of
life (QoL) [2-4]. In particular, symptoms such as
chronic pain, itch, smell or malodour and sup-
puration can negatively impact patients’ physi-
cal, mental and social wellbeing [3-7].

Pain impacts a patient’s daily life, bringing
discomfort, immobility, difficulty sleeping,
depressed mood, irritability, social isolation and
decreased work productivity [8]. Itch and odour
can also strongly impair patients’ health-related
QoL (HRQoL) [9].

Changes in patients’ experiences of HS core
symptoms, along with changes in physical, emo-
tional and social functioning, are key factors in
the holistic evaluation of efficacy of treatments
for moderate to severe HS. An HS-specific core
outcome set of domains (i.e. agreed minimum
set of outcomes to measure in all clinical trials)
has been established by the Hidradenitis Suppu-
raTiva cORe outcomes set International Collabo-
ration (HiSTORIC) using a Delphi process involv-
ing both patients and health care providers [10].
This includes the concurrent measurement of
five domains agreed upon by both patients and
health care providers: pain, physical signs, HS-
specific QOL, global assessment and progression
of course. A sixth domain, symptoms, cover-
ing drainage and fatigue, was added because it
received strong support from the patient stake-
holder group. Whilst patient-reported outcome
(PRO) measures that are skin disease specific (e.g.
Dermatology Life Quality Index [DLQI]) or HS
specific (e.g. Hidradenitis Suppurativa Quality
of Life Questionnaire [HiSQOL)) exist, the items
covered by these PROs are geared towards cap-
turing the impact of the condition on patients’
HRQoL [11] and may not capture the severity
level of HS-specific symptoms.

The HS Symptom Daily Diary (HSSDD) and HS
Symptom Questionnaire (HSSQ) are PRO tools
that have been specifically developed to capture

patient-perceived severity of core HS symptoms
(pain, itch, smell or odour and drainage or ooz-
ing) over the last 24 h (HSSDD) or 7 days (HSSQ).
These measures were developed based on an
initial literature review that captured the core
symptoms associated with HS, interviews with
two clinicians with expertise in HS and a review
of existing clinical outcome assessment (COA)
measures from published and on-going trials.
Items were generated to adequately capture the
given symptom-related concepts and to ensure
they were clearly defined, had clinical relevance
and were appropriate for use in the context of
pivotal clinical trials for the treatment and man-
agement of patients with moderate to severe HS.
Cognitive debriefing interviews with 20 partici-
pants diagnosed with moderate to severe HS were
conducted to confirm the relevance of the symp-
toms covered by the HSSDD and HSSQ and to
determine the understandability and/or usability
of the measures [12].

As a next step, it is essential to evaluate the
psychometric properties of a measure to ensure
it is fit for purpose in context of use to assess the
efficacy of a treatment in patients with moder-
ate to severe HS [13-15]. It is also important to
determine clinically meaningful within-patient
change and severity thresholds for the measure
to help interpret scores and changes in scores
[13-15].

In this article, we present the results of the
assessment of the psychometric properties and
derivation of interpretation thresholds of the
HSSDD and HSSQ item scores using pooled
blinded data from two phase 3 trials (BE HEARD
I and II) evaluating bimekizumab efficacy and
safety in moderate to severe HS.

METHODS

BE HEARD I and II Study Design and
Patients

This psychometric analysis was conducted
on blinded data, pooled from two identi-
cally designed phase 3 trials, BE HEARD I
(NCT04242446) and II (NCT04242498) [16, 17].
The trials included an initial (Weeks 0-16) and
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Table 1 Demographics and baseline disease characteristics of patients

Characteristic HSSDD analysis set HSSQ analysis set
(N=934) (N=1007)

Age, years, mean (SD) 37.1(12.2) 36.7 (12.2)

Female, 7 (%) 525 (56.2%) 569 (56.5%)

Race, n (%)

White 722 (77.3%) 771 (76.6%)
Black or African American 88 (9.4%) 103 (10.2%)
Asian 37 (4.0%) 41 (4.1%)
Other or mixed® 44 (4.7%) 46 (4.6%)
Missing 43 (4.6%) 42 (4.2%)
Region, n (%)

North America 350 (37.5%) 382 (37.9%)
Western Europe 271 (29.0%) 290 (28.8%)
Central and Eastern Europe 243 (26.0%) 260 (25.8%)
Asia and Australia 70 (7.5%) 75 (7.5%)
BMI

<25kg/m* 140 (15.0%) 155 (15.4%)
25 to < 30 kg/m? 236 (25.3%) 253 (25.1%)
230 kg/m* 555 (59.4%) 596 (59.2%)
Missing 3(0.3%) 3(0.3%)
Duration of disease, years, mean (SD) 8.0(7.8) 7.9(7.8)
Hurley nge,b 7 (%)

1 524 (56.1%) 561 (55.7%)
11 409 (43.8%) 446 (44.3%)

Symptom item scores, mean (SD)

Worst skin pain 5.5(2.5) N/A®
Average skin pain 4.8 (2.5) N/A®
Skin pain N/A® 5.8 (2.4)
Smell or odour 44 (3.0) 4.6 (3.0)
Irch 47(2.7) 5.0 (2.8)
Drainage or oozing 4.5(2.8) 5.0 (2.8)

Proportions may not add up to 100% due to rounding

BMT body mass index, HSSDD Hidradenitis Suppurativa Symptom Daily Diary, HSSQ Hidradenitis Suppurativa Symptom
Questionnaire, kg kilograms, N/A not applicable, SD standard deviation

2Qther or mixed category includes American Indian/Alaska Native and Native Hawaiian/other Pacific patients
gory p

bOnly patients with Hurley stage II and III were included at baseline, as per the BE HEARD I and II inclusion and exclusion
criteria

“HSSDD assesses worst skin pain and average skin pain, while HSSQ assesses skin pain
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maintenance (Weeks 16-48) treatment period.
Adult patients with moderate to severe HS were
randomised to receive (initial/maintenance)
bimekizumab 320 mg every 2 weeks (Q2W)/
Q2W, bimekizumab Q2W/every 4 weeks (Q4W),
bimekizumab Q4W/Q4W or placebo/bimeki-
zumab Q2W. Full inclusion/exclusion criteria
have been previously published [18].

Moderate to severe disease was defined as>5
inflammatory lesions (abscesses and/or inflam-
matory nodules) affecting>2 distinct anatomic
areas, one of which was Hurley Stage II or III (at
both screening and baseline visits). Patients had
a diagnosis of HS based on clinical history and
physical examination for>6 months prior to the
baseline visit.

HSSDD and HSSQ

The HSSDD consists of five items that assess worst
skin pain, average skin pain, smell or odour, itch
at its worst and drainage or oozing from HS
lesions, experienced in the past 24 h. Each symp-
tom item is rated on an 11-point numeric rating
scale (NRS; from O [‘no symptom’] to 10 [‘symp-
tom as bad as you can imagine’]). Each HSSDD
item score is derived as the weekly average of the
daily scores from a given week (if>4 non-missing
daily values are available, otherwise the item score
is reported as missing). Higher scores indicate a
higher level of symptomology.

The HSSQ consists of four items that assess
overall skin pain, itch, smell or odour and drain-
age or oozing from HS lesions experienced in
the past 7 days. Each symptom item is rated on
an 11-point NRS, similar to the scale described
above for HSSDD. Higher scores indicate a
higher level of symptomology.

In BE HEARD I and II, the HSSDD was com-
pleted daily from screening to Week 16, and the
HSSQ was completed at baseline, Week 16 and
every other week to Week 48. The HSSDD and
HSSQ were completed using electronic devices.

Other Assessments

Psychometric analysis utilised Hurley Stage (Stage
IT or III only included in the clinical studies) and

HS lesion-based assessments, including the Inter-
national Hidradenitis Suppurativa Severity Score
System (IHS4) and HS Physician’s Global Assess-
ment (HS PGA), which assessed disease sever-
ity and activity from the clinician perspective.
Patient global impression of HS severity (PGI-S-
HS) and patient global impression of change in
HS (PGI-C-HS) were used to measure patient per-
ception of HS severity and its change over time.
In addition, two measures were used that focused
on patient perception of skin pain (patient global
impression of severity of skin pain [PGI-S-SP] and
patient global impression of change in severity
of skin pain [PGI-C-SP]). The HiSQOL [19] and
DLQI [11] are PRO measures used to capture HS-
specific and skin-disease specific HRQoL, respec-
tively, throughout the trials.

Psychometric Analyses

Psychometric analyses were conducted on the
blinded HSSDD analysis set and the blinded
HSSQ analysis set separately. The analysis sets
for both measures were defined as all ran-
domised study patients from both BE HEARD
trials who had >1 non-missing weekly symptom
item score of the HSSDD/HSSQ at any scheduled
assessment visit.

Simulation analyses were conducted to
assess the appropriateness of the current
weekly scoring rule used to derive the weekly
symptom item scores of the HSSDD (i.e.>4
out of 7 daily scores non-missing for a given
week). This involved examining whether the
variability of weekly symptom item scores of
the HSSDD based on all missing-day scenar-
ios (i.e. 1, 2, 3, 4, 5 or 6 days missing) would
significantly differ from that based on the no
missing-day rule (i.e. 7 out of 7 daily scores
non-missing).

To assess convergent validity, Pearson’s and
Spearman’s rank correlation coefficients and
corresponding p values were calculated to assess
the strength of associations between HSSDD
and HSSQ item scores assessing similar (patient-
reported DLQI and HiSQOL) and different
(clinician-rated IHS4) concepts at baseline and
Week 16. The correlation coefficient was used to
interpret the strength of the correlation between
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Table 2 Convergent validity for HSSDD and HSSQ at baseline and Week 16

. IHS4 DLQI Total HiSQOL Total
Spearman s correlation, r Baseline Week 16 Baseline Week 16 Baseline Week 16
n 846 654 833 652 834 652
Worst skin pain 0.38 0.52 0.56 0.55 0.62
g Average skin pain 0.35 0.51 0.54 0.54 0.60
2 Smell or odour 0.30 0.41 0.45 0.44 0.52 0.53
Itch at its worst 0.30 0.45 0.45 0.52 0.51
Drainage or oozing 0.34 0.48 0.46 0.47 0.54 0.56
n 997 904 994 908 996 908
o Skin pain 0.37 0.59 0.64 0.64
&  Smell or odour 0.30 0.42 0.48 0.54 0.57 0.62
< Itch 0.31 0.49 0.55 0.57 0.59
Drainage or oozing 0.35 0.49 0.49 0.58 0.58 0.67

Orange text indicates a weak correlation (7 < 0.30), blue text indicates a moderate correlation (0.30 <7< 0.70), and green text

indicates a strong correlation (0.70 <7< 0.90); p < 0.001 for all

DLQI Dermatology Life Quality Instrument, HiSQOL Hidradenitis Suppurativa Quality of Life questionnaire, HSSDD
Hidradenitis Suppurativa Symptom Daily Diary, HSSQ Hidradenitis Suppurativa Symptom Questionnaire, IHS4 Interna-

tional HS Severity Score System

two variables as weak (r<0.3), moderate (r>0.3
t0<0.7), strong (r=0.7 to<0.9) or very strong
(r=0.9) [20].

The ability of HSSDD and HSSQ to distin-
guish between groups known to be clinically
different (i.e. known-groups validity) was
assessed by analysis of variance (ANOVA),
comparing mean HSSDD and HSSQ symptom
item scores among patient subgroups with dif-
ferent clinical status defined by Hurley stage,
IHS4, HS PGA, PGI-S-SP and PGI-S-HS at base-
line and Week 16.

Test-retest reliability was evaluated using
intraclass correlation coefficients (ICC), calcu-
lated for each item scores for HSSDD and HSSQ
using a two-way mixed effect ANOVA model
with week as a fixed effect. Test-retest reliability
analysis was conducted in the subgroup of sta-
ble patients defined for HSSDD as those with no
change in PGI-S-SP score between baseline and
Week 4 when assessing the worst and average
skin pain items. When assessing the other symp-
tom item scores, stable patients were defined
for HSSDD as those with no change in PGI-S-
HS score between baseline and Week 4. Stable
patients were defined for HSSQ as those with no
change in IHS4 level (mild, moderate, severe)
between Week 32 and Week 36. The PGI-S-SP

and PGI-S-HS were not used for HSSQ, as they
were not assessed at Week 36.

Responsiveness was assessed by correlat-
ing changes from baseline to Week 16 in both
HSSDD and HSSQ item scores with changes in
PGI scales (for both measures this includes PGI-
S-HS and PGI-S-SP, and PGI-C-HS and PGI-C-SP)
within that same time interval, using Spear-
man’s rank correlation coefficient. A threshold
of 0.30 Spearman’s rank correlation was consid-
ered to demonstrate acceptable sensitivity to
change over time.

Interpretation Thresholds

Following FDA guidance, proposed thresholds
for clinically meaningful within-patient change
were determined and assessed by triangulating
threshold estimates from anchor- and distribu-
tion-based analysis, with anchor-based results as
primary and distribution-based results as sup-
porting evidence [13-15]. In the anchor-based
analyses, using PGI-S-HS or PGI-S-SP, as well
as the PGI-C-HS and PGI-C-SP, patients were
classified into response groups based on the
level of change on the PGI scales. A two-level
improvement for PGI-S-HS/PGI-S-SP defined a
patient as ‘much better’. Descriptive statistics
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Table 3 Test-retest reliability for HSSDD total score
between baseline and Week 4 and HSSQ total score
between Week 32 and Week 36

ICC
HSSDD n 934
(Baseline vs Week 4)* Worst skin pain 0.83
Average skin pain 0.84
Smell or odour 0.85
Itch at its worst 0.80
Drainage or oozing  0.84
HSSQ n 1007
(Week 32 vs Week 36)°
Skin pain 0.73
Smell or odour 0.82
Itch 0.80

Drainage or oozing  0.76

“n=260 for change from baseline to Week 4; by =475 for
change from Week 32 to Week 36

HSSDD Hidradenitis Suppurativa Symptom Daily Diary,
HSSQ Hidradenitis Suppurativa Symptom Questionnaire,

ICC intraclass correlation coeflicients

were calculated for each item score changes
from baseline to Week 16 within these response
groups. Effect sizes were calculated as the mean
change from baseline to Week 16 divided by the
overall baseline standard deviation (SD). Empiri-
cal cumulative distribution function (eCDF) and
probability density function (PDF) curves of
changes in item scores from baseline to Week 16
were plotted separately for each response group
within each of the selected anchors to further
guide the selection of the thresholds. Supportive
distribution-based analyses (one standard error
of measurement and half of the baseline SD)
were also conducted.

Cut-off thresholds for different levels of sever-
ity were derived for each symptom item scores
using the severity levels for the PGI-S-HS or
PGI-S-SP (none, mild, moderate, severe or very
severe) as anchors. Four separate receiver-oper-
ating characteristic (ROC) analyses per target
item were employed to determine severity cut-
off thresholds and meaningful score categories
for the symptom item using the PGI-S-HS as an
anchor (PGI-S-SP for pain items). The optimal
cut-off threshold for a given severity level was
estimated from the highest Youden Index of the
ROC curve, using data pooled across all available
visits between baseline and Week 48.

Ethical Approval

The study protocol, amendments and patient
informed consent were reviewed by a national,
regional or Independent Ethics Committee (IEC)
or Institutional Review Board (IRB). This study
was conducted in accordance with the current
version of the applicable regulatory and Inter-
national Conference on Harmonisation (ICH)-
Good Clinical Practice (GCP) requirements, the
ethical principles that have their origin in the
principles of the Declaration of Helsinki, and the
local laws of the countries involved.

Role of the Funding Source

UCB contributed to study design, participated
in data collection, completed the data analysis
and participated in data interpretation. UCB par-
ticipated in writing, review and approval of the
manuscript. All authors had full access to the
data, reviewed and approved the final version,
and were responsible for the decision to sub-
mit for publication. A medical writing agency,
employed by UCB, assisted with manuscript
preparation under the authors’ direction.
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Table 4 Correlation between changes in HSSDD and HSSQ item scores and PGI scales from baseline to Week 16 (respon-

siveness)
External Anchors
Spearman s correlation, r PGI-S-SP PGI-C-SP PGI-S-HS PGI-C-HS
n 603 613 602 613
Worst skin pain 0.63 0.51 0.57 0.50
Average skin pain 0.62 0.48 0.58 0.46
HSSDD
Smell or odour 0.44 0.37 0.40 0.37
Itch at its worst 0.36 0.34 0.36 0.36
Drainage or oozing 0.50 0.40 0.47 0.41
n 896 898 894 898
Skin pain 0.53 0.68 0.52
HSSQ Smell or odour 0.46 0.39 0.43 0.39
Itch 0.43 0.40 0.43 0.40
Drainage or oozing 0.52 0.42 0.51 0.43

Orange text indicates a weak correlation (7 < 0.30), blue text indicates a moderate correlation (0.30 <7< 0.70), and green text

indicates a strong correlation (0.70 <7< 0.90); p < 0.001 for all

HSSDD Hidradenitis Suppurativa Symptom Daily Diary, HSSQ Hidradenitis Suppurativa Symptom Questionnaire, PGI-
S-HS/SP Patient Global Impression of HS Severity/Skin Pain, PGI-C-HS/SP Patient Global Impression of Change in HS/

Skin Pain

RESULTS

Patient Disposition and Baseline
Characteristics

Baseline characteristics were taken from 1010
patients enrolled in the two phase 3 trials. In
total, 934 patients were included in the HSSDD
analysis set and 1007 patients were included in
the HSSQ analysis set. Mean (SD) age was 37.1
(12.2) years in the HSSDD analysis set and 36.7
(12.2) years in the HSSQ analysis set at baseline,
with most patients being female (56.2% and
56.5%) and White (77.3% and 76.6%; Table 1).
At baseline, 59.4% and 59.2% of patients had
a BMI of >30 kg/m? (considered obese) [21].
In the HSSDD and HSSQ analysis sets, patients
had a mean (SD) HS disease duration of 8.0 (7.8)
years and 7.9 (7.8) years, respectively. Patients
categorised as Hurley stage II were 56.1% and
55.7%; Hurley stage III were 43.8% and 44.3%
(Table 1).

At baseline, HSSDD and HSSQ completion
rates were 90.7% (n=847/934) and 99.0%
(n=997/1,007), respectively. At Week 16, the
completion rates were 70.1% (n=655/934) and
90.2% (n=908/1,007), respectively. For HSSDD,
the baseline mean (SD) item scores for worst skin
pain and average skin pain were 5.5 (2.5) and 4.8
(2.5). For HSSQ, the mean (SD) skin pain item
score was 5.8 (2.4). The mean (SD) scores for the
remaining HSSDD and HSSQ items are given in
Table 1.

Floor and ceiling effects were minimal at base-
line for the HSSDD item scores, with percentage
of study patients with a score of O ranging from
1.5% (worst skin pain) to 8.4% (smell or odour)
and percentage of study patients with a score of
10 ranging from 1.9% (average skin pain and
itch at its worst) to 2.7% (drainage or oozing).
Similarly, floor and ceiling effects were mini-
mal at baseline for the HSSQ item scores, with
percentage of study patients with a symptom
item score of 0 ranging from 1.6% (skin pain) to
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Table 5 Anchor-based clinically meaningful ~within-
patient change threshold—observed changes from baseline
at Week 16 by PGI-S one- and two-level improvement

PGI-S-SP/PGI-S-HS?

Median change from base-

line to Week 16 () improvement from base-
line to Week 16
One-level  Two-level
improve- improve-
ment ment
HSSDD Worst skin pain -2.17 (223) -3.86 (91)
Average skin pain -~ —2.00 (223) -3.29 (91)
Smell or odour -1.11(231) -2.00(97)
Itch at its worst -1.29 (231) -2.00(97)
Drainage or oozing —1.43 (231) -2.71(97)
HSSQ " Skin pain ~2.00(329) -5.00
(149)
Smell or odour —-1.00 (336) —3.00
(143)
Iech ~1.00 (336) —3.00
(143)

Drainage or oozing —2.00 (336) —4.00 (143)

*PGI-S-SP used for pain items; PGI-S-HS used for all
other items

HSSDD Hidradenitis Suppurativa Symptom Daily Diary,
HSSQ Hidradenitis Suppurativa Symptom Questionnaire,
PGI-S-HS/SP Patient Global Impression of HS Severity/
Skin Pain, PGI-C-HS/SP Patient Global Impression of
Change in HS/Skin Pain

9.7% (smell or odour) and percentage of study
patients with a score of 10 ranging from 4.4%
(smell or odour) to 5.7% (drainage and oozing).

Confirmation of the Scoring Rule of the
HSSDD

The simulation analysis results showed that
for each HSSDD symptom item, across all pre-
specified assessment timepoints and overall,
the standard deviation of the weekly symptom
item score increased as the maximum allowed
number of missing days within a given week

increased. Still, there were no significant differ-
ences in standard deviations of weekly symp-
tom item scores observed when comparing the
current scoring rule with the zero-day missing
scenario across different timepoints (baseline,
Weeks 2, 4, 6, 8, 10, 12, 14 and 16). Thus, it
was confirmed that the current weekly scoring
rule (=4 out of 7 daily scores non-missing for
a given week) was appropriate. A less stringent
rule (e.g.23 out of 7 daily scores non-missing
for a given week) may even be employed and
would be unlikely to impact results (Supplemen-
tary Table 1).

Construct Validity

At baseline all convergent correlations
between HSSDD/HSSQ and outcome meas-
ures were positive for both HSSDD and HSSQ,
with moderate correlations observed between
DLQI total score and all HSSDD and HSSQ
symptom item scores (Table 2). For HSSDD, a
weak correlation was observed between 1HS4
scores and the worst skin pain (r=0.25), aver-
age skin pain (r=0.26) and itch at its worst
(r=0.20) items. For HSSQ, a weak correla-
tion was observed between IHS4 scores and
the skin pain (r=0.25) and itch at its worst
(r=0.18) items. All correlations were moder-
ate between HiSQOL total score and HSSDD
and HSSQ symptom item scores. Correlations
with other measures were generally stronger at
Week 16 than at baseline for HSSDD and HSSQ
item scores (Table 2).

At Week 16, both HSSDD and HSSQ symp-
tom items were able to discriminate between HS
subgroups as defined by Hurley stage, demon-
strating good known-groups validity (Fig. 1A,
B). As Hurley stage increased (indicating higher
disease severity), a corresponding increase in
mean symptom scores across all HSSDD and
HSSQ items was observed at Week 16 (Fig. 1A, B).
Similar findings were found using other anchors
to define patient subgroups. Mean HSSDD and
HSSQ symptom item scores in groups with
higher severity according to IHS4 (Fig. 1C, D),
PGI-S-HS (Supplementary Fig. 1A-B) and HS
PGA (Supplementary Fig. 1C-D) were gener-
ally higher than in groups with lower severity.
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A. Worst skin pain

—— No change: 0 (N=203; Median: -0.43)
—o— 2-level improvement (N=91; Median: -3.86)

—a— 1-level improvement (N=223; Median: -2.17)
—o— 3-level improvement (N=19; Median: -5.29)

B. Average skin pain

—— No change: 0 (N=203; Median: -0.57)
—o— 2-level improvement (N=91; Median: ~3.29)
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C. Smell or odour
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—o— 3-level improvement (N=

: Median: -4.50)

g 1004 '
7y
g 90 /?
2
g 80 Z/f
2
2 704 7
S 60
o
& S0
<
g 40 4
g 304 ’\‘
o
2z 201
o
S 104
£ oobo
S T T T T T T
-10 -8 -6 -4 -2 0 2 4 6 8 10
Improvement Change from baseline in HSSDD
Nochange(N=195,%) 00 00 05 46 190 682 959 100 100 100 100
Tlevelimprovement (N=231,%) 00 00 35 100 346 801 974 100 100 100 100
2-level improvement (N=97,%) 0.0 21 134 309 536 928 969 990 100 100 100
3-level improvement (N=17.%) 0.0 18 294 529 765 941 100 100 100 100 100

E. Drainage or oozing

—— No change: 0 (N=195; Median: -0.57)
—o— 2-level improvement (N=97; Median: 2.71)

—a— 1-level improvement (N=223; Median: -
—o— 3-level improvement (N=19; Median: -4.74)

2.00)

g 1004 Lo
b o
£ 90 }« fl
2
o 804
2
:-? 704
o 604
@
:«'39 50
c
g 40 4
2 304
o
2 204
o
S 104 /
g ol O
s} T T T T T T T T T T
-10 -8 -6 -4 -2 0 2 4 6 8 10
Improvement Change from baseline in HSSDD
Nochange(N=203,%) 00 00 00 10 167 714 961 100 100 100 100
Tevelimprovement (N=223,%) 0.0 00 45 193 520 919 991 996 100 100 100
2level improvement (N=91,%) 0.0 00 121 374 791 967 100 100 100 100 100
3level improvement (N=19,%) 0.0 53 263 684 895 100 100 100 100 100 100

D. Itch at its worst

—»— No change: 0 (N=195; Median: -0.38)
—ua— 2-level improvement (N=97; Median: 2.00)

—4— 1-level improvement (N=231; Median: -1.29)
—o— 3-level improvement (N=17; Median: -4.50)

£ 1004
£ 904
ko
2 804
2
5 704
S 60
&
< 504
<
g 404
2 304
o
2 204
=1
5 d
S 104 !
E ;
s} I T T T T T T T T T
-10 -6 -4 -2 0 2 4 6 8 10
Improvement Change from baseline in HSSDD
Nochange (N=195,%) 0.0 00 05 46 185 631 928 990 100 100 100
1-evelimprovement (N=231,%) 00 ~ 0.4 35 104 338 801 957 983 100 100 100
2-level improvement (N=97, %) 0.0 21 134 289 515 87.6 96.9 99.0 99.0 100 100
3-level improvement (N=17, %) 0.0 5.9 235 58.8 88.2 88.2 941 94.1 100 100 100

—— 1-level improvement (N=231; Median: =1.43)
—o— 3-level improvement (N=17; Median: -4.98)

£ 1004 9 W
£ 901 pjf
2
§ 804 ‘
E 70 4
o 60
o
& S0
c
g 40 1
g 304
v
2z 204 /
<
S 10
£ o
S 04
o T T T T T T T T T T T
-10 -8 -6 -4 -2 0 2 4 6 8 10
Improvement Change from baseline in HSSDD
Nochange(N=195,%) 00 00 10 51 195 692 959 100 100 100 100
Idevelimprovement (N=231,%) 00 00 26 121 398 866 983 100 100 100 100
2level improvement (N=97,%) 0.0 31 134 371 680 990 100 100 100 100 100
Jlevel mprovement (N=17,%) 00 59 294 706 941 100 100 100 100 100 100

Fig.2 Empirical cumulative distribution function curves
of changes from baseline to Week 16 on the HSSDD:
worst skin pain (A), average skin pain (B), smell or
odour (C), itch at its worst (D) and drainage or oozing
(E) items by change in levels of PGI-S-SP/HS response
category (none, mild, moderate, severe, very severe;

N=934). PGI-S-SP was used as the anchor for the worst

and average skin pain items;
anchor for the other items.

PGI-S-HS was used as the
¢CDF empirical cumulative

distribution function, HSSDD Hidradenitis Suppura-
tiva Symptom Daily Diary, PGI-S-SP/HS Patient Global
Impression of Skin Pain/Hidradenitis Suppurativa Severity
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A. Skin pain

—»— No change: 0 (N=277; Median: ~1.00)
—o— 2-level improvement (N=149; Median: =5.00)

—— 1-level improvement (N=329; Median: -2.00)
—o— 3-level improvement (N=32; Median: -7.00)
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—o— 3-level improvement (N=32; Median: -5.00)
—— 4-level improvement (N=2; Median: -4.00)
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Fig.3 Empirical cumulative distribution function curves
of changes from baseline to Week 16 on the HSSQ: skin
pain (A), smell or odour, (B) itch (C) and drainage or ooz-
ing (D) items by change in levels of PGI-S-SP/HS response
category (none, mild, moderate, severe, very severe;

N=1007). PGI-S-SP was used as the anchor for skin pain

Baseline results were very consistent, although
it should be noted that less variation in the
anchors was observed at baseline as expected
due to inclusion and exclusion criteria (data not
shown).

Test-Retest Reliability

When test-retest reliability was assessed,
observed ICC values were 0.80-0.85 between
baseline and Week 4 across HSSDD items, and
0.73-0.82 between Week 32 and Week 36 across
HSSQ items (Table 3). All scores showed accept-
able test-retest reliability (ICC>0.70) [22].

B. Smell or odour

—x— No change: 0 (N=287; Median: ~0.00)
—o— 2-level improvement (N=143; Median: ~3.00)

—ea— 1-level improvement (N=336; Median: ~1.00)
—o— 3-level improvement (N=32; Median: ~5.00)
—a— d-level improvement (N=2; Median: -4.00)
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D. Drainage or oozing

—»— No change: 0 (N=287; Median: =1.00)
—o— 2-level improvement (N=143; Median: -4.00)

—+— 1-level improvement (N=336; Median: -2.00)
—o— 3-level improvement (N=32; Median: -5.00)
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item; PGI-S-HS was used as the anchor for the other items.
¢CDF empirical cumulative distribution function, HSSQ
Hidradenitis Suppurativa Symptom Questionnaire, PGI-S-
SP/HS Patient Global Impression of Skin Pain/Hidradeni-
tis Suppurativa Severity

Responsiveness

All correlation coefficients between changes in
HSSDD and HSSQ item scores and changes in
PGI-S-SP, PGI-S-HS, PGI-C-SP and PGI-C-HS were
positive, as expected, with all p values<0.001,
and exceeded the threshold of 0.30 to demon-
strate acceptable sensitivity (Table 4) [23]. Addi-
tionally, many correlation coefficients, particu-
larly with skin pain items (PGI-S-SP and HSSQ
skin pain), exceeded 0.50, indicating moderate
correlations.
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Table 6 Severity thresholds for HSSDD and HSSQ

None Mild Moderate Severe Very severe

HSSDD

Worst skin pain <1.67 > 1.67 to <4.00 >4.00 to < 5.50 25.50t0<7.17 >7.17
Average skin pain < 1.40 >1.40t0<3.29 >3.29 t0<4.50 >4.50to <5.67 >5.67
Smell or odour < 1.00 >1.00 to <2.83 >2.83t0<4.50 4.50t0<5.25 >5.25
Itch at its worst <225 22.25t0<3.40 >3.40 to <4.40 >4.40 to <4.57 >4.57
Drainage or oozing <1.00 >1.00 to < 3.00 >3.00 to <4.71 >4.71t0<6.00 >6.00
HSSQ

Skin pain <1.00 >1.00 to < 3.00 >3.00 to < 6.00 >6.00 to <7.00 >7.00
Smell or odour <1.00 >1.00 to < 2.00 >2.00 to <5.00 >5.00 to < 6.00 >6.00
Itch <1.00 >1.00 to < 3.00 >3.00 to <4.00 >4.00 to < 5.00 >5.00
Drainage or oozing <1.00 >1.00 to < 3.00 >3.00 to < 4.00 >4.00 to <7.00 >7.00

HSSDD Hidradenitis Suppurativa Symptom Daily Diary, HSSQ Hidradenitis Suppurativa Symptom Questionnaire

Interpretation Thresholds

Change in HSSDD and HSSQ symptom item
scores for patients with a one- and two-level
improvement on the PGI-S-HS or PGI-S-SP from
baseline to Week 16 are shown in Table 5. A
two-level improvement from baseline to Week
16 on the PGI-S-HS/PGI-S-SP was considered to
represent a clinically meaningful within-patient
improvement. Some study participants with a
one-level improvement on the PGI-S-HS/PGI-S-
SP, particularly those who responded very severe
at baseline, reported at least some level of wors-
ening on the HSSDD/HSSQ items, implying that
one level of improvement on the PGI-S-HS/PGI-
S-SP is not clinically meaningful.

eCDF curves supported the use of estimates
from the group with two levels of improvement
on the PGI-S-HS or PGI-S-SP as an anchor to
derive the thresholds due to the larger degree of
separation between no change and two levels of
improvement compared to no change and one
level (Figs. 2 [HSSDD] and 3 [HSSQ)]).

PGI-C-HS/PGI-C-SP, considered as a support-
ive anchor only as it requires a patient to recall
their status from baseline, provided further evi-
dence on the selection of the thresholds (data
not shown).

Triangulation of the various estimates from
the anchor-based approaches indicated that the
clinically meaningful within-patient improve-
ment thresholds should be a 3- to 4-point
decrease for worst and average skin pain item
scores and a 2- to 3-point decrease for smell or
odour, itch at its worst, and draining or oozing
item scores. In HSSQ, a 4- to 5-point decrease for
the skin pain, 3- to 4-point decrease for smell or
odour and draining or oozing item scores and
3-point decrease for itch item scores was iden-
tified as clinically meaningful within-patient
improvement thresholds.

Severity thresholds were identified for both
HSSDD and HSSQ item scores from ROC anal-
yses using PGI-S-SP and PGI-S-HS as anchors.
Identified cut-off values for disease severity of
none, mild, moderate, severe and very severe are
presented in Table 6.
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DISCUSSION

These analyses aimed to assess the psychomet-
ric properties and derive interpretation thresh-
olds of the HSSDD and HSSQ, two HS symptom
measures, using pooled, blinded data from two
phase 3 trials (BE HEARD I and II) evaluating the
efficacy and safety of bimekizumab in patients
with moderate to severe HS. While high com-
pletion rates were observed for both HSSDD
and HSSQ, higher rates were observed for HSSQ
compared with HSSDD, reflecting the difference
between on-site (HSSQ) and at-home (HSSDD)
administration of the measures.

Overall, both HSSDD and HSSQ symp-
tom item scores demonstrated good reliabil-
ity, validity and responsiveness in a sample
of patients with moderate to severe HS. Both
HSSDD and HSSQ were shown to have strong
construct validity. All convergent validity coz-
relations were in the pre-specified direction
and strength at baseline and Week 16 for [HS4
(r values at Week 16: HSSDD, 0.30-0.48; HSSQ,
0.31-0.49) and DLQI total score (r values at
Week 16: HSSDD, 0.44-0.56; HSSQ, 0.54-0.64).
The slightly stronger correlations observed for
DLQI (patient-assessed) compared with the IHS4
(investigator-assessed) underscore the discrepan-
cies between clinician-reported outcomes and
PROs that have been reported in the literature
across disease areas [24-27].

Known-groups validity assessment found
HSSDD and HSSQ item scores discriminated
successfully between subgroups as defined by
Hurley stage, PGI-S-HS, HS PGA and IHS4 meas-
ures at baseline and Week 16. Mean HSSDD and
HSSQ item scores in groups with more severe
Hurley stage, PGI-S-HS, IHS4 and HS PGA were
generally higher.

Test-retest reliability analyses demonstrated
good item score reproducibility for both HSSDD
and HSSQ item scores with ICC values in all
cases exceeding the pre-specified threshold of
acceptability (0.70). Additionally, changes from
baseline to Week 16 in HSSDD and HSSQ item
scores and PGI scale anchors were moderately to
strongly correlated (>0.30), establishing satisfac-
tory responsiveness of both measures.

This analysis defined clinically meaningful
within-patient improvement thresholds using
anchor-based analyses. The findings from the
eCDF curves supported the use of estimates from
the group with two levels of improvement on
the PGI-S. For HSSDD, a 3- to 4-point decrease
was identified as clinically meaningful within-
patient improvement thresholds for worst and
average skin pain item scores, 2- to 3-point
decrease for smell or odour, itch at its worst
and draining or oozing item scores. For HSSQ,
a 4- to S-point decrease was identified as clini-
cally meaningful within-patient improvement
thresholds for skin pain item score; 3- to 4-point
decrease for smell or odour and draining or ooz-
ing item scores; and 3-point decrease for itch.
Differences in thresholds capturing similar con-
cepts across the two measures may be the results
of slight variations in the recall periods (24 h
versus 7 days) and in the concepts (worst skin
pain/average skin pain vs skin pain; itch at its
worst vs itch) in HSSDD and HSSQ, respectively.

The HiSTORIC initiative recently released
their recommendation on the suitable use of
the HiSQOL to assess patients’ HRQoL in rou-
tine clinical practice [28]. The HiSQOL also has
a symptoms domain and captures the impact of
each symptom (pain, itch, drainage, odour) on
patients’ HRQoL. On the other hand, the HSSDD
and HSSQ measure the level of severity of those
four symptoms. HiSQOL and both the HSSDD
and HSSQ, which are reliable and valid fit-for-
purpose PRO measures, should thus be seen as
complementary measures addressing multiple
domains of the core outcomes set: HS-specific
QOL, pain and symptoms.

Limitations

Validity assessments in this study were limited
to the global regions involved in the BE HEARD
studies; therefore, cultural validity could not be
assessed. As the BE HEARD I and II studies were
phase 3 trials which primarily aimed to evalu-
ate the efficacy and safety of bimekizumab, the
studies were not designed to assess the psycho-
metric validity of HSSDD or HSSQ or to derive
thresholds to define clinically meaningful
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improvements. Furthermore, the BE HEARD
studies enrolled patients with moderate to
severe HS; psychometric assessments at Week
16 included patients who had reached a milder
disease severity as measured by Hurley stage, to
some extent providing evidence that the meas-
ures performed well across the disease severity
spectrum. Further research into milder disease is
needed to confirm the performance of the two
symptom measures across the full spectrum of
HS severity.

CONCLUSION

Using a substantial, representative sample of
patients with moderate to severe HS in the phase
3 BE HEARD I and II trials, this study demon-
strated that both HSSDD and HSSQ are fit-for-
purpose PRO measures. Furthermore, this study
supports the use of these measures to assess
the impact of treatment interventions on key
HS symptoms and inform physician treatment
decisions in the management of patients with
moderate to severe HS.
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