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Abstract

Background Cholestatic pruritus is common in primary biliary cholangitis (PBC), often leading to sleep disturbances
and substantially impairing health-related quality of life (HRQol). Fatigue, also frequent in PBC, can be exacerbated by
sleep interference due to nighttime pruritus. Quantitative numerical rating scales (NRS) are appropriate for assessing
unidimensional patient-reported outcome (PRO) concepts and are easily interpreted. The PBC-40 is a disease-specific,
patient-derived 40-item tool that assesses HRQoL in patients with PBC. To assess pruritus severity in clinical trials,
rigorous validation of PROs in the target patient population is required. This study aimed to validate the NRS items for
worst itch (WI-NRS), pruritus-related sleep interference (Sleep Interference NRS), and fatigue (Fatigue NRS), plus the
PBC-40 (modified with a 7-day recall), among patients with PBC and pruritus.

Methodology Data were analyzed from the Phase 2b GLIMMER trial (NCT02966834) of linerixibat and a separate
observational study in patients with PBC and pruritus. Pruritus severity was assessed using the 0-10 WI-NRS.
Psychometric properties of the WI-NRS, Sleep Interference NRS, Fatigue NRS, and PBC-40 (7-day recall) were evaluated.
Additional PRO data were used to support validation analyses. Multiple psychometric methods were used to validate
the NRS items and PBC-40 (7-day recall).

Results Data for 288 patients (n=147 GLIMMER; n=141 observational study) with PBC experiencing pruritus were
included. The internal consistency of PBC-40 (7-day recall) was acceptable to excellent and confirmatory factor
analysis confirmed its domain structure. All PBC-40 domains showed acceptable test-retest reliability (intraclass
correlation coefficients [ICCs]: 0.72-0.90). The WI-NRS showed acceptable test-retest reliability (ICCs: 0.73-0.81
[GLIMMER]; ICC: 0.78 [observational study]). Test-retest reliability was also acceptable for the Sleep Interference (ICC:
0.85 [GLIMMER]; ICC: 0.77 [observational study]) and Fatigue (ICC: 0.88 [GLIMMER]; ICC: 0.78 [observational study]) NRS
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items. Convergent, discriminant, and known-groups validity were confirmed for all three NRS items and the PBC-40.
Additionally, the NRS and PBC-40 Itch domain demonstrated responsiveness by reflecting change in other PROs over

time.

Conclusions The data support the psychometric reliability, validity, and responsiveness of WI-NRS, pruritus-related
Sleep Interference NRS, and Fatigue NRS, and PBC-40 (7-day recall) in patients with PBC experiencing pruritus.

Keywords 5-D itch scale, Itch, Patient-reported outcomes, PBC-40, Primary biliary cholangitis, Cholestatic pruritus,
Psychometric validation, Numerical rating scale, Fatigue, Sleep interference

Plain English summary

Primary biliary cholangitis (PBC) is a rare liver disease in
which flow of bile (a fluid from the liver involved in diges-
tion) is disturbed. Itching (also known as pruritus), sleep
disturbance, and fatigue are common problems of PBC
that can dramatically reduce a person’s quality of life.
Questionnaires and numbered scales, known as numeri-
cal rating scales, can be used to measure symptoms of
PBC. To ensure they accurately capture symptom sever-
ity and impacts on quality of life, they need to be thor-
oughly tested in the group of people they will be used in.
This process is known as psychometric validation.

This study aimed to validate, in people with PBC, three
numerical rating scale questions (ranging from 0 to 10)
measuring itch, sleep interference related to itch, and
fatigue, plus a modified version of a questionnaire known
as the PBC-40 (designed to measure quality of life in
people with PBC). Results for these measures from two
studies (one clinical and one survey) were analyzed and
compared with the findings from other questionnaires
used in these studies.

The authors concluded that the three numerical rating
scale questions and the modified PBC-40 questionnaire
accurately measure symptom severity, including itch and
its impact on sleep, fatigue, and quality of life in people
with PBC and pruritus. This supports the use of these
measures in clinical trials for PBC, and if used regularly
in clinical practice, may facilitate the management of
itch in people with PBC by enhancing communication
between patients and medical care providers.

Background

Primary biliary cholangitis (PBC) is a rare, chronic, auto-
immune cholestatic liver disease [1]. Cholestatic pruritus
(itch) is common in PBC, affecting up to 89% of patients
at some point during the course of their disease [2-6].
Pruritus substantially impairs health-related quality of
life (HRQoL) in patients with PBC, and often leads to
sleep disturbance [2, 4, 7]. However, despite its frequency
and impact, pruritus is often not documented in medi-
cal records [6]. Fatigue is also common in PBC [8]. This
symptom can be exacerbated by many factors, including
sleep interference due to nighttime pruritus [3, 6, 9].

A variety of response scales have been used in patient-
reported outcome (PRO) measures, such as the Lik-
ert response scale, numerical rating scale (NRS), verbal
rating scale (VRS), and visual analog scale (VAS) [10].
Some response scales may be more suitable than others
depending on the question being asked and the planned
analysis and use of the data. The NRS, VAS, and VRS are
response scales that have been used historically to assess
pruritus severity in a variety of patient groups, including
those with advanced chronic kidney disease [11], atopic
dermatitis [12, 13], and prurigo nodularis [14]. The 0-10
NRS is an especially appropriate scale for assessing uni-
dimensional symptom concepts such as pain or pruritus,
as it is widely used in clinical practice and research and is
easily interpreted by respondents [15]. Furthermore, the
US Food and Drug Administration (FDA) is often ame-
nable to the use of NRS as endpoint measures to support
labeling claims [16—18]. The Worst Itch NRS (WI-NRS)
is a single-item PRO measure in which patients indicate
the intensity of the worst itching they experienced over
a specified period of time on a scale of 0 (no itching) to
10 (worst imaginable itching) [7, 19]. This NRS has been
used in clinical trials to assess itch in PBC, as well as in
other cholestatic liver conditions associated with pruri-
tus [19-27]. The WI-NRS aligns well with the Brief Pain
Inventory (BPI). The BPI is a PRO instrument that has
been widely and successfully used as a measure of pain
intensity in clinical trials and uses a 0—10 NRS to assess
average pain as well as worst pain [28].

The PBC-40 is a disease-specific tool designed to assess
HRQoL in patients with PBC [29-31] and is extensively
used in clinical [7, 32] and nonclinical research in PBC
[6, 33]. It comprises 40 question items grouped into six
distinct PBC-specific health domains of Symptoms, Itch,
Fatigue, and Cognitive, Social, and Emotional function-
ing [29-31]. This questionnaire was originally validated
using a 4-week recall period where it showed good psy-
chometric properties, and a high level of relevance to
PBC [29, 30]. The tool has been developed and validated
in patients both with and without pruritus [29, 30]. Qual-
itative assessment of an adapted PBC-40 instrument with
a 7-day recall has previously been conducted in patients
with itching associated with PBC as part of an initial
validation step [30], though additional quantitative and
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psychometric assessments of the instrument are still nec-
essary for full validation.

Based on current peer-reviewed literature and to the
best of our knowledge, there is limited research pub-
lished to date that validates PRO instruments in patients
with cholestatic pruritus and PBC. Rigorous develop-
ment and psychometric validation of PRO instruments
in the target patient population is essential, particularly
to confirm their ability to quantify change in the context
of therapeutic intervention. The objective of this study
was to conduct a psychometric validation of several PRO
measures. These included three NRS items: Worst Itch,
pruritus-related Sleep Interference, and Fatigue (hereaf-
ter referred to as WI-NRS, Sleep Interference NRS, and
Fatigue NRS) and the PBC-40 modified with a 7-day
recall (hereafter referred to as PBC-40 [7-day recall]).

Methods

Study design and patient population

This analysis was based on data from the Phase 2b GLIM-
MER trial (NCT02966834; GSK study 201000), and a sep-
arate observational study (GSK study 212144) in patients
with PBC.

Details of the GLIMMER study design have been pub-
lished elsewhere [19]. The study ran from January 11,
2017, to April 15, 2020. In brief, GLIMMER was a global,
randomized, placebo-controlled study of linerixibat in
patients aged 18—80 years with clinically confirmed PBC
and moderate-to-severe pruritus. The study comprised
screening, a 4-week placebo run-in, a 12-week double-
blind treatment period (baseline/Week 4 to Week 16),
followed by a 4-week single-blind placebo period (Week
16 to Week 20) and follow-up period (Week 20 to Week
24). Participants were eligible if they had rated their pru-
ritus severity as >4 on a 0—10 itch NRS for the majority of
the time during the 8 weeks prior to screening. Following
the placebo run-in, the protocol permitted patients with
a WI-NRS score (weekly itch score) >3 to be randomized
to either linerixibat or placebo at baseline (Week 4). Con-
sequently, 24% of the population entered the 12-week
treatment period with pruritus severity close to, but not
quite moderate (WI-NRS >3 to <4) [19].

For the observational study, data were collected from
a sample of patients who self-reported a clinical diag-
nosis of PBC, both with and without current pruritus.
Recruitment was completed with the support of a market
research vendor who had access to a large online commu-
nity of patients with PBC identified for research panels
in the United States, the United Kingdom, and Canada.
While all patients had previously experienced pruritus,
efforts were made to ensure approximately 70% of the
sample currently had pruritus. Participants completed a
daily web-survey over 8 consecutive days.
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Assessments and analyses

Psychometric properties of the WI-NRS, Sleep Interfer-
ence NRS, Fatigue NRS, and the PBC-40 (7-day recall)
were assessed using data pooled across treatment groups
from the GLIMMER study and supporting data from the
observational study. In GLIMMER, all analyses were con-
ducted on the intent-to-treat population who had avail-
able PRO assessments at baseline; both treatment (all
doses) and placebo arms were pooled for the analyses.

Symptoms were recorded by participants in an eDi-
ary questionnaire twice daily (morning and evening)
from Day 1 to Week 20 in the GLIMMER study and from
Day 1 to Day 8 in the observational study. In both stud-
ies, participants recorded the severity of their worst itch
using a 0-10 NRS, where 0=no itching and 10=worst
imaginable itching. The worst of these two daily scores
was documented as the worst daily itch score. The weekly
itch score (previously referred to as mean worst daily itch
[19]) was calculated from the average worst daily itch
scores over a 7-day period. Two additional 0-10 NRS
items were used once daily to document pruritus-related
Sleep Interference (0=did not interfere; 10 =completely
interfered) and Fatigue (0 = no fatigue; 10 = worst possible
fatigue). The Sleep Interference NRS was assessed in the
morning (with patients reflecting on their sleep from the
night before), while the Fatigue NRS was assessed in the
evening (with patients reflecting on their fatigue for that
day). Weekly sleep and fatigue scores were calculated as
the average of daily scores over a 7-day period.

In GLIMMER, the PBC-40 (7-day recall) was admin-
istered monthly at each study visit, from Visit 2 (Day 1)
to Visit 7 (Week 20), for the entire study period; in the
observational study, participants completed the PBC-40
(7-day recall) at Days 1 and 8.

Additional PROs, including the 5-dimension (5-D)
itch scale [34], EQ-5D [35], Patient Global Impression
of Severity (PGI-S), and Patient Global Impression of
Change (PGI-C)—the latter two being specific to itch and
developed specifically for the linerixibat program—were
used to support validation analyses. PGI-C included a
follow-up question on meaningfulness of change where
participants reported either Yes or No to whether they
found their change in itch to be meaningful. A brief
description of each of these instruments and schedule of
their use is described in Supplementary Tables 1 and 2.

Psychometric analyses

Validation of the NRS items and PBC-40 (7-day recall)
was carried out using a variety of psychometric meth-
ods. First, internal consistency reliability of the PBC-40
(7-day recall) was examined to understand the extent to
which individual items within the measure were related
to each other and with the scale as a whole. This measure
of reliability was examined using Cronbach’s coefficient
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alpha, with values>0.70 generally considered accept-
able for aggregate data [36]. Second, confirmatory factor
analysis of data from the observational study evaluated
dimensionality and existing structure of the PBC-40
(7-day recall) using Day 1 data to test the Fatigue, Emo-
tional, Social, Cognitive, Symptoms, and Itch domains.
Fit statistics (root mean square error of approxima-
tion [RMSEA], and comparative fit index [CFI]) were
examined to assess model goodness-of-fit. RMSEA val-
ues <0.08 and CFI>0.90 denoted good model fit [37-39].
Third, test—retest reliability of the NRS items and PBC-
40 (7-day recall), was evaluated to examine their stabil-
ity and reproducibility between two time points within
a stable population. Participants who selected the same
PGI-S response between the test and retest time points
were defined as stable and included in the analysis. This
involved using paired t-tests and intraclass correlation
coefficients (ICC), where ICC values>0.70 are generally
considered acceptable for establishing test-retest reli-
ability. Additionally, construct validity (including con-
vergent, discriminant, and known-groups validity) was
assessed against other PRO measures. Convergent valid-
ity included demonstrating that different measures of the
same or similar concepts correlated with one another.
Divergent validity analysis confirmed that measures or
items assessing dissimilar concepts did not substantially
correlate with one another. Spearman rank-order corre-
lations were used for convergent/discriminant validity.
The strength of the correlations for convergent/divergent
validity analyses were described as small if<0.3, moder-
ate if 0.3-0.6, and large if > 0.6 for both positive and nega-
tive correlations. Known-groups validity measured the
extent to which scores from an instrument were distin-
guishable between groups of subjects who differed by a
relevant clinical indicator or other parameter. Analysis of
variance (ANOVA) (adjusted for multiple comparisons
based on Tukey method) was used for known-groups
validity, with the F-statistic considered significant below
a critical value of 0.05. Finally, the ability of the PROs to
detect change over time (i.e. their responsiveness) was
analysed by reviewing the association between change
from baseline to Week 16 in the NRS items and PBC-40
(7-day recall) with PGI-C categories and change from
baseline in PGI-S, using data from GLIMMER. Analysis
of covariance (ANCOVA) and paired t-tests were used to
test differences in mean scores and compare effect size
statistics.

Results

Sample description

Patient demographics and clinical characteristics for both
studies are presented in Table 1. Patients in GLIMMER
(N=147) had a mean (standard deviation [SD]) age of
55.8 (11.0) years, 70% were white, and 94% were female.
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Mean (SD) duration of PBC and pruritus was 8.1 (6.7)
years and 8.1 (7.9) years, respectively [19]. At baseline,
the mean (SD) WI-NRS (weekly itch score; scale 0—10)
was 5.5 (1.8). In the observational study (N=141), the
majority of participants were older than 35 years (n=131,
93%), white (87%), and female (93%). All participants had
PBC for longer than 1 year, with most of them experienc-
ing pruritus for more than 1 year (n=112, 79%), and 19
(13%) of them having pruritus for more than 10 years. At
the time of enrollment (screening), 69% were currently
experiencing pruritus with a mean (SD) WI-NRS (scale
0-10) of 4.7 (2.8). Furthermore, participants in the obser-
vational study were asked to rate the severity of their itch
at the start of the study (Day 1). Participants rated their
overall pruritus severity as very mild/mild (47%), moder-
ate-to-severe (50%), and 3% reported having none.

Confirmatory factor analysis

In the observational study, confirmatory factor analysis
confirmed the PBC-40 (7-day recall) domain structure
with factor coefficients all being >0.39 and adequate fit
statistics (RMSEA =0.059, CFI=0.966) (Supplementary
Table 3).

Internal consistency reliability

In GLIMMER, the internal consistency reliability of PBC-
40 (7-day recall) was acceptable to excellent (Cronbach’s
alpha 0.76-0.97) at baseline except for the Symptoms
domain which had a slightly lower Cronbach’s alpha
(0.67) than other domains (Supplementary Table 4).
Similarly, in the observational study, internal consistency
reliability of PBC-40 (7-day recall) was excellent (overall
Cronbach’s alpha=0.95) and was acceptable to excellent
for all six domains at Day 1 (Cronbach’s alpha 0.73-0.95)
(Supplementary Table 4).

Test-retest reliability

The WI-NRS showed acceptable test—retest reliability
in GLIMMER between Days 2-8 and Days 9-15, and
between Day 2 and baseline/Week 4 in stable participants
(ICCs: 0.73-0.81) and in the observational study between
Day 1 and Day 8 in a sample of stable participants (ICC:
0.78) (Supplementary Tables 5 and 6). The test-retest
reliability was also acceptable for the Sleep Interference
(ICC: 0.85) and Fatigue (ICC: 0.88) NRS items between
Day 2 and 1 week later in GLIMMER (Supplemen-
tary Table 5), and similarly in the observational study
between Day 1 and Day 8 in a sample of stable partici-
pants (Sleep Interference NRS, ICC: 0.77; Fatigue NRS,
ICC: 0.78; Supplementary Table 6). All PBC-40 (7-day
recall) domains showed acceptable test—retest reliability
between Days -21 to -7 and Day 1 in stable participants
in GLIMMER (ICCs: 0.72—0.87) and in the observational
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Table 1 Patient demographics and clinical characteristics for both GLIMMER? and observational study®
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GLIMMER Observational study
(N=147) (N=141)

Female, n (%) 138 (94) 131(93)
Age, mean (SD), years 55.8(11.0) -
Older than aged 35 years, n (%) - 131 (93)
Race, n (%)

White 103 (70) 122 (87)

Asian 38 (26) 4(2.8)

Japanese 38 (26)

Other/not captured 6 (4) 15(11)
ALP x ULN

Mean (SD) 16(01.4) -

Median (IQR) 1.1(04,11.5) -
Duration of PBC, mean (SD), years 8.1(6.7) -
Diagnosis of PBC> 12 months, n (%) 141 (100)
Duration of pruritus, mean (SD), years® 8.1(7.9) -
Experienced pruritus for over 1 year, n (%) 112 (79)
Experienced pruritus for over 10 years, n (%) 19(13)
Severity of pruritus at baseline, n (%)

Mild (< 4) 35 (24) -

Moderate (=4-<7) 76 (52) -

Severe (=7-10) 36 (24) -

Severity of pruritus during the past week, mean (SD)* 44(2.7)
Severity of pruritus on Day 1, n (%)

Very mild - 20(14)

Mild - 46 (33)

Moderate - 56 (40)

Severe - 11(8)

Very severe - 4(3)

None - 4(3)
WI-NRS at baseline, mean (SD)f 55(1.8) -
WI-NRS at screening, mean (SD) 47(2.8)
Receiving UDCA, n (%) 137 (93) 137 (97)
Receiving obeticholic acid, n (%) - 17(12)
Receiving other treatments that may impact pruritus

Rifampin 2 7 (5)

Fibrates (bezafibrate, fenofibrate) 3(2) 7(5)

Sertraline 4(3) 6(4)

Gabapentin 1(5) 6 (4)

54

Cholestyramine or other resin

=

2Safety population, Week 4 (baseline) [19]
PAll patients, Day 1

Pruritus duration was determined from date of onset of pruritus to date of screening

dpatients with NRS =4 most of the time during the 8 weeks before screening were included in the study; however, short periods of NRS <4 were acceptable, so long

as the worst daily itch score was >4 for at least half the days, as recalled by the participant
€On a scale from 0 to 10 where 0=no itching at all to 10=worst imaginable itching

fWeekly itch score: the average of worst daily itch scores over a 7-day period, previously referred to as mean worst daily itch score [19]

ALP, Alkaline phosphatase; IQR, Interquartile range; NRS, Numerical rating scale; PBC, Primary biliary cholangitis; SD, Standard deviation; UDCA, Ursodeoxycholic

acid; ULN, Upper limit of normal; WI-NRS, Worst Itch NRS
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Table 2 Convergent validity of the NRS items at baseline in
GLIMMER and the observational study

'a

WI-NRS (GLIMMER)®

5-D Itch scale Degree score 0.61%***

PBC-40 Itch domain score 0.50%***

5-D Itch scale total score 0.59%***
WI-NRS (observational study)®

5-D Itch scale total score 0.77%%*x

PBC-40 Itch domain score 0.79%***
Sleep Interference NRS (GLIMMER)

5-D Itch scale Sleep item score 0.58****
Sleep Interference NRS (observational study)d

PBC-40 Sleep item 8 score 0.79%***
Fatigue NRS (GLIMMER)

PBC-40 Fatigue domain score 0.69%***

BDI-II loss of energy item score 0.46%***

BDI-Il tiredness or fatigue item score 0.571xx**
Fatigue NRS (observational study)®

PBC-40 Fatigue domain score 0.68%***

Significance levels of Spearman rank-order correlations, all ****p <0.0001
bWeekly itch score

“Worst daily itch score

dDaily sleep score

€Daily fatigue score

5-D, 5-dimension; BDI-Il, Beck Depression Inventory - Il; NRS, Numerical rating
scale; PBC-40, Primary Biliary Cholangitis — 40 items; WI-NRS, Worst Itch NRS

Table 3 Discriminant validity of WI-NRS at baseline in GLIMMER?

Domain score / Score description N P

BDI-Il total score 147 0.26**
PBC-40 Emotional domain score 147 0.22%*
PBC-40 Social domain score 147 0.30%**
PBC-40 Cognitive domain score 147 0.32%%**
PBC-40 Symptoms domain score 147 0.37%**
EQ-5D Utility score 146 —0.37%xxx
EQ-5D VAS score 146 -0.21*

*Weekly itch score

bSignificance levels of Spearman rank-order correlations, p-values are: *p < 0.05,
**p<0.01, ***p <0.001, ****p <0.0001

5-D, 5-dimension; BDI-Il, Beck Depression Inventory - Il; NRS, Numerical rating
scale; PBC-40, Primary Biliary Cholangitis — 40 items; VAS, Visual analog scale;
WI-NRS, Worst Itch NRS

study between Day 1 and Day 8 in a sample of stable par-
ticipants (ICCs: 0.85—0.90) (Supplementary Table 7).

Construct validity

Convergent/discriminant validity

In GLIMMER, convergent validity of all three NRS items
was confirmed based on moderate—large correlations
with scores of similar concepts from other measures.
For example, correlations were observed between WI-
NRS weekly itch score and 5-D Itch scale Degree item
score, PBC-40 (7-day recall) Itch domain score and 5-D
Itch scale total score, Sleep Interference NRS and 5-D
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Itch scale Sleep item score, and Fatigue NRS and PBC-
40 (7-day recall) Fatigue domain score and BDI-II loss of
energy and tiredness/fatigue item scores (r=0.46—0.69;
all p<0.0001) (Table 2). The WI-NRS showed good dis-
criminant validity based on low to slightly moderate cor-
relations (r = |0.21| to |0.37|) with scores of dissimilar
measures or concepts such as BDI-II total score, PBC-
40 (7-day recall) Emotional, Social, Cognitive, or Symp-
toms domain scores and EQ-5D utility and VAS scores
(Table 3).

Convergent validity of all three NRS items in the
observational study was evidenced by large, positive cor-
relations with scores of similar concepts from other mea-
sures (r>0.68, all p<0.0001) (Table 2). The WI-NRS daily
itch score showed convergent validity with the 5-D Itch
scale total score and PBC-40 (7-day recall) Itch domain
score, and Sleep Interference NRS with PBC-40 (7-day
recall) Sleep item 8 score, and Fatigue NRS with PBC-40
(7-day recall) Fatigue domain score. Convergent validity
of PBC-40 (7-day recall) was demonstrated across simi-
lar measures for the Itch, Fatigue, Cognitive, and Emo-
tional domains based on large correlations with scores
of similar concepts from other measures; for example,
5-D Itch scale total score and WI-NRS weekly itch score
in relation to the PBC-40 Itch domain (all »>0.50 with
»<0.0001) in GLIMMER (Supplementary Table 8). Simi-
larly, in the observational study, convergent validity of
PBC-40 (7-day recall) was supported for the Itch, Fatigue,
Cognitive, Social, and Emotional domains based on large
correlations with scores of similar concepts from other
measures (all ¥>0.61 with p<0.0001). The only excep-
tion was a smaller but significant correlation between
the PBC-40 (7-day recall) Fatigue domain and the Sleep
Interference NRS item (r=0.27, p<0.01) (Supplementary
Table 8).

Known-groups validity

Known-groups validity was confirmed in GLIMMER; all
NRS items discriminated between levels of severity in the
expected direction across relevant measures including
known groups based on the PGI-S, 5-D Itch scale Degree
item (for WI-NRS weekly itch score), 5-D Itch scale Sleep
item (for Sleep Interference NRS), and BDI-II tiredness/
fatigue item and PBC-40 Fatigue domain (for Fatigue
NRS) (Fig. 1). These overall comparisons were signifi-
cant (all p<0.0001). Similarly, in the observational study,
known-groups validity of the NRS items was confirmed
based on groups defined by the PGI-S (all p <0.001) (Sup-
plementary Table 9).

Known-groups validity for the PBC-40 (7-day recall)
was confirmed. At Week 16 in GLIMMER, all PBC-
40 (7-day recall) domains discriminated well between
patients in the expected direction according to groups
defined by an item related to tiredness interference with
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— II; NRS, Numerical rating scale; PBC-40, Primary Biliary Cholangitis — 40 items; PGI-S, Patient Global Impression of Severity; WI-NRS, Worst Itch Numerical

Rating Scale



Gelhorn et al. Orphanet Journal of Rare Diseases (2025) 20:390 Page 8 of 12
Table 4 Responsiveness of the NRS items and the PBC-40 ltch domain in GLIMMER
N Baseline Week 16, Change, mean Effect SRMP Paired t-test F Value
mean (SD) mean (SD) (SD) Size® (p-value)® (p-
(Week 16 value)d
- baseline)
WI-NRS
PGI-C+ meaningful question 19.93
(Yes/No)®f (<0.0001)
Very much improved +Yes 55 5401.7) 1.6(1.6) -38(2.1) -2.2 -18 —13.6 (<0.0001)
Moderately improved + Yes 30 57(1.8) 3.6(1.5) -2.2(1.9) -1.2 -1.2 —6.36 (<0.0001)
Minimally improved +Yes 14 55(2.1) 49(1.9) -0.6(2.3) -0.3 -0.3 —0.98 (0.3429)
Sleep Interference NRS
PGI-C+ meaningful question 16.68
(Yes/No)® (<0.0001)
Very much improved +Yes 55 3.6(2.3) 0.8 (1.5) -2.8(2.0) -13 -14 —104 (<0.00071)
Moderately improved +Yes 30 46(24) 26(1.9 -20(2.1) -09 -10 —5.34 (<0.0001)
Minimally improved +Yes 14 4.5 (3.0) 33(24) -1.2(1.9) -04 -0.6 —2.37(0.0337)
Fatigue NRS
PBC-40 Fatigue domain - Change 897
category? (<0.0001)
Improved 67 4.7(1.9) 3.1(1.9) -16(1.9) -0.9 -08 —6.86 (<0.0001)
Unchanged 15 54(3.2) 45 (34) -09(1.4) -0.3 -0.7 —2.61(0.0206)
Worsened 52 58(27) 53(29) -0.5(1.4) -0.2 -03 —2.39(0.0204)
PBC-40 Itch domain score
PGI-C+ meaningful question 16.26
(Yes/No)® (<0.0001)
Very much improved +Yes 56 9.1 (3.1) 462.7) -45(2.9) =15 -16 —11.7 (<0.0001)
Moderately improved +Yes 30 9.7 (3.0) 76 (3.0) -20(3.1) -0.7 -0.7 —3.63(0.0011)
Minimally improved +Yes 14 9.1 (3.1) 74(2.5) -16(1.9) -0.5 -0.8 —3.16 (0.0075)

Note: For PGI-C (raw categories) + meaningful question (Yes/No): WI-NRS: n=8 patients selected “moderately improved + No” and n=8 patients selected “minimally
improved +No;” Sleep Interference NRS: n=8 patients selected “moderately improved+No” and n=8 patients selected “minimally improved +No;” Fatigue NRS:
n=_8 patients selected “moderately improved + No” and n=8 patients selected “minimally improved + No.” The other groups with n=0 were not included in this table

Meaningful question: participants were asked whether the change reported was meaningful or not (Yes/No)

#Mean difference between the baseline and Week 16 score divided by SD of the baseline score

PMean difference between the baseline and Week 16 weekly score divided by SD of the change from baseline score

“Paired t-test is for the differences in means between the baseline and the follow-up time point

dANCOVA adjusted for baseline score was used

¢“No change + Yes” (n=1) was removed from the analysis due to a small sample size

fryiery Much Worse” (n=1), “Very Much Worse + Yes” (n=1), “Worsened + Yes” (n=1) were removed from the analysis due to a small sample size
9“Improved” (score change <0), “unchanged” (score change=0), “worsened” (score change >0)

ANCOVA, Analysis of covariance; NRS, Numerical rating scale; PBC-40, Primary Biliary Cholangitis 40 items; PGI-C, Patient Global Impression of Change; SD, Standard
deviation; SRM, Standardized response mean; WI-NRS, Worst Itch NRS

daily activities and the EQ-5D VAS (all p<0.01) (Supple-  Responsiveness

mentary Fig. 1). Trends in means for each group were
consistently in the expected direction.

Known-groups validity for PBC-40 (7-day recall) was
also confirmed in the observational study. At Day 1, all
PBC-40 (7-day recall) domains discriminated between
patients in the expected direction according to groups
defined by PGI-S with the Itch, Fatigue, Social, and Emo-
tional domains being highly discriminant (p<0.001).
When examining groups by the General Health item of
the PBC-40 (7-day recall), five domains (Fatigue, Emo-
tional, Social, Cognitive, and Symptoms) were able to dif-
ferentiate between levels of health (p <0.001).

NRS items in GLIMMER demonstrated an ability to
detect change over time by reflecting changes in other
PRO measures in the expected direction (Table 4).
Among patients who indicated the changes on the PGI-C
were meaningful to them, both the WI-NRS (p <0.0001)
and the Sleep Interference NRS (p<0.0001) showed
significant differences in the mean changes by PGI-C
response group, in the anticipated direction. Further-
more, responsiveness of the Fatigue NRS was confirmed
through examining the association between change from
baseline to Week 16 in the weekly Fatigue NRS score and
different levels of change in the PBC-40 Fatigue domain
score (p<0.0001). Similarly, the PBC-40 (7-day recall)
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Itch domain was supported by all levels of change from
baseline in the PGI-C and PGI-S in the expected direc-
tion (both p<0.0001) in GLIMMER (Table 4 and Supple-
mentary Table 10).

Discussion

Using data from the GLIMMER study, a placebo-con-
trolled Phase 2b trial of linerixibat in patients with PBC
experiencing moderate-to-severe pruritus, and data
from a separate observational study in patients with PBC
and a history of pruritus, this analysis psychometrically
validated several NRS items relevant to assessing sever-
ity and impact of itch in PBC (WI-NRS, Sleep Interfer-
ence NRS, and Fatigue NRS), as well as the 7-day recall
version of the PBC-40 adapted from the original 4-week
recall version. This validation has been carried out
according to FDA standards and scientific best practices.
To our knowledge, this study is the first to fully validate
NRS items related to itch severity, pruritus-related sleep
interference, and fatigue in a large PBC population with
cholestatic pruritus, a symptom that is common in PBC
and can substantially impact HRQoL, frequently leading
to sleep disturbance and fatigue [2, 7, 9]. The test-retest
reliability was acceptable for the Worst Itch, Sleep Inter-
ference, and Fatigue NRS items and convergent validity
and responsiveness were confirmed for all three NRS
items. The known-groups validity analysis showed that
all NRS items discriminated against levels of severity in
the expected direction across relevant measures. These
results expand on previous work establishing the use of
itch NRS measures in other pruritic conditions such as
atopic dermatitis [40, 41], prurigo nodularis—associated
pruritus [42], and chronic kidney disease—associated
pruritus [43].

All PBC-40 (7-day recall) domains showed acceptable
test—retest reliability, and convergent validity was sup-
ported for PBC-40 (7-day recall) Itch, Fatigue, Cogni-
tive, Social, and Emotional domains. The known-groups
validity analysis showed that all PBC-40 (7-day recall)
domains discriminated between levels of severity in the
expected direction across relevant measures. The PBC-40
(7-day recall) Itch domain was responsive to changes in
other measures over time. Internal consistency reliability
was acceptable to excellent for all PBC-40 (7-day recall)
domains.

These results support the validity of the WI-NRS, Sleep
Interference NRS, and Fatigue NRS items and confirm
the reliability and validity of these items as measures of
pruritus, sleep interference, and fatigue severity among
patients with PBC and pruritus. This analysis also sup-
ports the use of the modified, 7-day recall version of the
PBC-40 to measure impacts of pruritus among patients
with PBC. The use of a questionnaire with a shortened
recall period might lead to less recall bias, could be easier
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for patients to report on, and may be useful in clinical
settings.

The Phase 2b GLIMMER trial, the Phase 3 GLISTEN
(NCT04950127), and the long-term safety and toler-
ability (NCT04167358) studies of linerixibat in patients
with PBC and pruritus all utilize these validated PRO
measures [19, 44, 45]. Using brief, simple PRO measures,
such as the NRS items, is important within interventional
trials of potential new treatments for PBC-related pru-
ritus to determine treatment-related changes. Further-
more, both the NRS and PBC-40 (7-day recall) can be
adapted for use in a clinical care setting. Such use could
improve evaluation of PBC-related pruritus and might
help healthcare professionals track and assess its sever-
ity and impact on their patients over time. Routine use
of these tools may also lead to a better understanding of
the disease burden of PBC and facilitate patient-centered
care and more effective management of the bothersome
symptoms associated with PBC.

Limitations
The observational study had a number of limitations. For
example, it recruited participants based on self-reported
PBC rather than requiring a physician diagnosis as in
GLIMMER; however, this is strengthened by nearly all
patients (97%) receiving prescription first-line therapy
for the treatment of PBC. Participants also did not need
to be experiencing pruritus at the time of study enroll-
ment, so may have been relying on recall of prior expe-
riences when completing the evaluations. However, it is
noteworthy that nearly 70% of participants were expe-
riencing pruritus at screening, with only 3% rating their
overall pruritus severity as none at the start of the study
(Day 1). Including a subset of patients not currently expe-
riencing pruritus in the observational study, alongside
those with the targeted symptom (itch) may be an advan-
tage, as it allows for the evaluation of item-level and
scale performance of WI-NRS among a group of patients
diagnosed with the overall parent condition (PBC), who
might approximate the experiences and PRO responses
of those for whom pruritus is resolved through treat-
ment. Given the natural variability of the itch symptom,
it is also possible that participants who were not experi-
encing pruritus at the time of enrollment (screening) may
have gone on to experience pruritus at some point during
the 8-day observational study. Furthermore, participants
in the observational study were asked to rate the severity
of their itch on Day 1 and this shows that a range of itch
severity was experienced by the study sample at study
start. Finally, recruitment was conducted through mar-
ket research, which may have introduced some selection
bias.

It should also be noted that the results are not necessar-
ily representative of all patients with PBC and pruritus.
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Furthermore, there is no established gold standard for
objectively measuring pruritus to evaluate the accuracy
of WI-NRS in assessing pruritus. However, convergent
validity analysis demonstrated that changes in WI-NRS
correlated with the observed change in 5-D Itch, a reli-
able measure of itching which has been validated in
patients with chronic pruritus. Lastly, validation of the
Worst Itch, Sleep Interference, and Fatigue NRS items
and PBC-40 (7-day recall) was carried out in a cohort of
patients with PBC and pruritus primarily of moderate-
to-severe intensity. Around one-quarter of patients ran-
domized to treatment in GLIMMER had pruritus that
did not quite reach moderate intensity according to the
WI-NRS at baseline (Week 4), suggesting potential appli-
cation even to patients with milder pruritus. However,
future analyses could explore the validity and utility of
the NRS and PBC-40 (7-day recall) measures specifically
in patients with mild pruritus in PBC.

Conclusions

Results from these studies support the reliability, valid-
ity, and responsiveness of the NRS items for Worst Itch,
pruritus-related Sleep Interference, and Fatigue as well
as the modified PBC-40 (7-day recall version) in patients
with PBC with moderate-to-severe pruritus. Therefore,
the use of these PROs as assessments for patient-centric
trial endpoints is appropriate in clinical trials such as the
Phase 3 GLISTEN trial to investigate linerixibat for the
treatment of pruritus in patients with PBC. Since pruri-
tus in PBC is a symptom experience that is best reported
directly by patients, using these tools in an interventional
study will enable potential treatment benefits of inves-
tigational products to be assessed in a valid and reliable
way. Routine use of these validated PRO measures in
clinical practice may also enhance patient care in PBC.
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