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Background Moderate-to-severe atopic dermatitis (AD) is a chronic disease charac-
terized by intense, persistent and debilitating itch, resulting in sleep deprivation,
signs of anxiety and depression, impaired quality of life and reduced productiv-
ity. The Peak Pruritus Numerical Rating Scale (NRS) was developed and validated
as a single-item, patient-reported outcome (PRO) of itch severity.

Objectives To describe the content validity and psychometric assessment (test-—retest
reliability, construct validity, known-groups validity, sensitivity to change) of the
Peak Pruritus NRS, and to derive empirically a responder definition to identify
adults with a meaningful change in itch.

Methods Content validity was assessed through in-depth patient interviews. Psy-
chometric assessments used data from phase IIb and phase III dupilumab clinical
trials and included test-retest reliability, construct validity, known-groups validity
and sensitivity to change in patients with moderate-to-severe AD.

Results Interview participants indicated that the Peak Pruritus NRS was a relevant,
clear and comprehensive assessment of itch severity. Peak Pruritus NRS scores
showed large, positive correlations with existing PRO measures of itch, and weak
or moderate correlations with clinician-reported measures assessing objective
signs of AD. Peak Pruritus NRS score improvements were highly correlated with
improvements in other itch PROs, and moderately correlated with improvements
in clinician-reported measures assessing objective signs of AD. The most appro-
priate threshold for defining a clinically relevant, within-person response was
> 2—4-point change in the Peak Pruritus NRS.

Conclusions The Peak Pruritus NRS is a well-defined, reliable, sensitive and valid

scale for evaluating worst itch intensity in adults with moderate-to-severe AD.

What’s already known about this topic?

® Moderate-to-severe atopic dermatitis is characterized by persistent and debilitating
itch, which can greatly impair quality of life.

e A validated, brief patient-reported outcome measure is needed to quantify the
intensity of itch accurately and reliably in patients with atopic dermatitis in clinical
trials.
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What does this study add?

e The Peak Pruritus Numerical Rating Scale (NRS) is a well-defined, reliable, fit-for-
purpose measure to evaluate patient-reported intensity of worst itch in the previous
24 h for adults with moderate-to-severe atopic dermatitis.

e C(Clinical response is indicated by a > 2—4-point change from baseline in Peak
Pruritus NRS score.

What are the clinical implications of this work?

e This study provides practising clinicians and clinical trialists with a validated
patient-reported outcome measure to assess itch, a hallmark symptom of atopic
dermatitis and a crucial marker of treatment benefit.

Moderate-to-severe atopic dermatitis (AD) is a chronic disease
with significant patient burden that is underappreciated as a
public health concern.'™ AD is characterized by intense, per-
sistent and debilitating itch (pruritus), which can result in
marked sleep deprivation, symptoms of anxiety and depres-
sion, impaired health-related quality of life and reduced daily
productivity.> ® Ttch can be a constant presence in patients’
lives in terms of both duration and intensity. Almost two-
thirds (62-9%) of patients with moderate-to-severe AD report
itching 12 h a day or more, while a similar proportion
(60-5%) rate their itch as severe or unbearable.’ Itch and its
downstream effects are responsible for much of the disease
burden borne by patients with moderate-to-severe AD.* As a
result, itch has a profound negative impact on the lives of
these patients.5 Hence, reducing the itch—scratch cycle is an
important treatment goal for patients with moderate-to-severe
AD*® and forms a key aspect of reducing the overall severity
of AD.

As the subjective nature of itch perception precludes a uni-
versal clinical profile,” the presence and intensity of itch are
most accurately reported by patients directly. A special work-
ing group of the International Forum for the Study of Itch
identified a need for an itch questionnaire applicable to ran-
domized controlled trials that can support comparisons of itch
parameters.” The Peak Pruritus Numerical Rating Scale (NRS)
was developed to assess one parameter or dimension of itch
(i.e. itch severity) in clinical trials of drugs in development
for patients with moderate-to-severe AD. Itch intensity has
been endorsed by the global Harmonising Outcome Measures
for Eczema (HOME) initiative as a core symptom of AD, and
is recommended for repeated measurement.'”'" One of the
goals of the HOME initiative is the standardization of outcome
instruments, thus enabling trials to be compared and com-
bined in meta-analyses. To this end, evidence of a reliable and
valid assessment of itch in patients with AD would help fur-
ther the goals of the HOME initiative.

This article describes the content validation and psychomet-
ric assessment of the Peak Pruritus NRS in patients with mod-
erate-to-severe AD. Psychometric assessment included test—
retest reliability, construct validity, known-groups validity and
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sensitivity to change. Finally, we describe the empirical deriva-
tion of a responder definition for the Peak Pruritus NRS to
identify patients who have experienced a meaningful change

.4 12,13
in itch.”

Materials and methods

Peak Pruritus Numerical Rating Scale

The Peak Pruritus NRS is a single self-reported item designed
to measure peak pruritus, or ‘worst’ itch, over the previous
24 h based on the following question: ‘On a scale of 0 to 10,
with 0 being “no itch” and 10 being “worst itch imagin-
able”, how would you rate your itch at the worst moment
during the previous 24 hours?’

The item was developed with input from clinical dermatol-
ogy experts and confirmed by patients with AD on the basis
' Although others have
developed similar items, > this, to our knowledge, is the

of ease of use and understanding.

first comprehensive report summarizing the reliability, valid-
ity, responsiveness and threshold of meaningful within-person
change (i.e. response definition) in a single-item global assess-
ment of peak pruritus. The validation of the Peak Pruritus NRS
followed three steps: (i) evaluation of content validity via
qualitative interviews, (ii) preliminary assessment of psycho-
metric measurement properties and (iii) confirmation of psy-

chometric measurement properties.

Evaluating the content validity of the Peak Pruritus
Numerical Rating Scale

Content validation was conducted through qualitative analysis
of in-depth one-to-one patient interviews to test the relevance,
wording, applicability, usability, recall period and response
options of the Peak Pruritus NRS in patients with moderate-
to-severe AD. Interview participants had to be at least 18 years
of age, have physician-reported diagnosis of AD, have had AD
for at least 3 years, have had moderate-to-severe itching
related to AD in the past month, and not have participated in
a related clinical trial or focus group in the past 6 months.

© 2019 The Authors. British Journal of Dermatology
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Moderate-to-severe itching related to AD in the past was mea-
sured by response to the survey questions (i) ‘At its worst,
would you describe the dermatitis-related itching as mild,
moderate, severe or extremely severe?’ (participants must
answer ‘moderate’, ‘severe’ or ‘extremely severe’ to qualify)
and (ii) ‘When was your last itching episode, as related to
atopic dermatitis: in the past 2 weeks, past month, past 2
months or more than 2 months ago?’ (participants must
answer ‘in the past 2 weeks’ or ‘in the past month’ to
qualify).

We aimed to recruit a sample of patients with diversity of
sex, race, ethnicity and level of education. Interviews included
concept elicitation about AD symptoms and cognitive debrief-
ing regarding the Peak Pruritus NRS. All interviews were con-
ducted in English by the same pair of skilled, experienced
interviewers following a semistructured interview guide, and
verbatim responses were transcribed. Patients provided signed
written informed consent, and all study materials were
reviewed and approved by the institutional review board of
RTI International (Raleigh, NC, U.S.A.).

Evaluating the psychometric measurement properties of
the Peak Pruritus Numerical Rating Scale

Psychometric assessments were conducted in line with the
US. Food and Drug Administration (FDA) guidance on
patient-reported outcomes (PROs).'® Data were drawn from a
randomized, placebo-controlled, double-blinded multicentre
phase IIb  clinical trial  (ClinicalTrial.gov  Identifier:
NCT01859988)19 and two identically designed, randomized,
placebo-controlled, double-blinded multicentre phase III clini-
cal trials of dupilumab for moderate-to-severe AD (SOLO 1:

NCT02277743; SOLO 2: NCT02277769).” Preliminary psy-
chometric assessments were conducted in the phase IIb clinical
trial, with confirmatory analyses conducted using pooled data
from the two phase III clinical trials.

In all trials, Peak Pruritus NRS was administered via an
Interactive Voice Response System and completed daily from
baseline through week 16. The analysis population for the
psychometric work consisted of all randomized patients who
received at least one dose of study medication and had at least
one postbaseline Peak Pruritus NRS measurement in the treat-
ment period. Given the day-to-day fluctuation in worst itch
scores, daily scores were averaged over 1-week intervals from
baseline through week 16 to obtain weekly scores. Baseline
scores were calculated using the average of the daily scores
from the 7 days immediately preceding randomization. A
minimum of four scores in the preceding 7 days was required
to calculate the baseline score.

Psychometric evaluation included assessment of test—retest
reliability, construct validity, known-groups validity and sensi-
tivity to change of the Peak Pruritus NRS. Both PRO and clini-
cian-reported outcome (ClinRO) measures were used for the
psychometric assessment of Peak Pruritus NRS (Tables 1 and
2). PRO measures included the Pruritus Categorical Scale
(PCS),21 Average Pruritus NRS,%? itch visual analogue scale
(VAS) of Scoring Atopic Dermatitis (SCORAD),”® the itch item
of the Dermatology Life Quality Index (DLQI)** and a global
measure of disease status that we have termed the Patient Glo-
bal Assessment of Disease Status (PGADS). ClinRO measures
included the Eczema Area and Severity Index (EASI) and the
Investigator’s Global Assessment (IGA).”* *¢

Test—retest reliability of the Peak Pruritus NRS was evaluated
using intraclass correlation coefficients (ICCs) of week 15

Table 1 Patient- and clinician-reported outcome measures used in Peak Pruritus (worst itch) Numerical Rating Scale (NRS) validation assessments:

construct and known-groups validity

Type of
outcome
Outcome measure

measure  Response scale

Recall period  Analysis

Construct validity

Average Pruritus NRS  PRO Average itch on an 11-point scale: 0-10 24 h Correlational analysis between
SCORAD itch VAS PRO Average itch with a range of 0-10 Last 3 days the Peak Pruritus NRS scores and
DLQI itch item PRO How itchy, sore, painful or stinging skin has been on  Past week scores on each outcome measure
a four-point scale: 0 (not at all) to 3 (very much) at baseline confirming a priori
PCS PRO Overall itch on a four-point scale: 0 (absence of 24 h hypotheses
pruritus) to 3 (severe pruritus)
EASI ClinRO  Range: 0—72 points Current
IGA ClinRO  Five-point scale: 0 (clear) to 4 (severe) Current
Known-groups validity
PCS bands PRO Four-point scale: 0 (absence of pruritus) to 3 24 h Known-groups aNova at week
(severe pruritus) 16 comparing mean Peak Pruritus
DLQI bands PRO Range: 0-30 points Past week NRS scores confirming a priori
PGADS PRO Five-point scale: 1 (poor) to 5 (excellent) Current hypotheses

ANOVA, analysis of variance; ClinRO, clinician-reported outcome; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity

Index; IGA, Investigator’s Global Assessment; NRS, Numerical Rating Scale; PCS, Pruritus Categorical Scale; PGADS, Patient Global Assessment

of Disease Status; PRO, patient-reported outcome; SCORAD, Scoring Atopic Dermatitis; VAS, visual analogue scale.

© 2019 The Authors. British Journal of Dermatology
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Table 2 Patient- and clinician-reported outcome measures used in Peak Pruritus (worst itch) Numerical Rating Scale (NRS) validation assessments:

sensitivity to change

Type of
outcome
Outcome measure

measure  Response scale

Recall period  Analysis

SCORAD itch VAS PRO Range: 0-10

DLQI itch item PRO Four-point scale: 0 (not at all) to
3 (very much)

PCS PRO Four-point scale: 0 (absence of
pruritus) to 3 (severe pruritus)

EASI ClinRO Range: 0—72 points

IGA ClinRO Five-point scale: 0 (clear) to 4 (severe)

Last 3 days Correlation analysis between the change in
Past week Peak Pruritus NRS (baseline to week 16)
and the change in each outcome measure
24 h confirming a priori hypotheses and effect-size
estimates of change
Current
Current

ClinRO, clinician-reported outcome; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global

Assessment; PCS, Pruritus Categorical Scale; PRO, patient-reported outcome; SCORAD, Scoring Atopic Dermatitis; VAS, visual analogue scale.

(test) and week 16 (retest) scores and a two-way mixed-
effects anova with absolute agreement for single measures.”””
* These two time points at the end of the treatment period
were selected because the underlying condition and intensity
of symptoms were relatively stable, on average, between these
2 weeks, as demonstrated by weekly trends of disease severity
data from the relevant trial.'®-*

Construct validity of the Peak Pruritus NRS was evaluated
using correlation analyses of Peak Pruritus NRS with PCS,
DLQI itch item (item 1 question: ‘Over the last week, how
itchy, sore, painful or stinging has your skin been?”), SCORAD
itch VAS, EASI and IGA. The aim of these correlation analyses
was to show a stronger relationship of Peak Pruritus NRS with
measures addressing similar concepts (PCS, DLQI itch item
and SCORAD itch VAS) than with measures addressing more
disparate concepts (EASI and IGA). Absolute values of correla-
tions > 0-50 are considered strong, correlations of 0-30-0-49
are moderate and correlations of 0-10-0-29 are weak.*°

To assess the discriminating ability of the Peak Pruritus NRS
at week 16, known-groups validity was evaluated using anova
comparing PCS levels (absent, mild, moderate or severe pruri-
tus), DLQI bands (no impact, minimal impact, moderate
impact, very large impact, extremely large impact) and PGADS
(excellent, very good, good, fair, poor).

Sensitivity of the Peak Pruritus NRS to change, or respon-
siveness, was evaluated using correlation analyses of Peak Pru-
ritus NRS score change from baseline to week 16 with those
for PCS, DLQI itch item, SCORAD itch VAS, EASI and IGA. We
anticipated stronger associations between the change in Peak
Pruritus NRS score and changes in measures addressing similar
concepts, compared with the associations between the change
in Peak Pruritus NRS score and those in measures addressing
more disparate concepts. Also, two effect-size estimates were
computed to show the magnitude of change. The effect-size
estimates of change were expressed in units of standard devia-
tion (SD) at baseline, obtained by dividing the mean change
from baseline at week 16 in Peak Pruritus NRS score by the
SD of the baseline score. Standardized response means were
calculated as the mean change from baseline at week 16 in
Peak Pruritus NRS score divided by the SD of the mean change
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score. Effect-size estimates above the threshold of 0-8 are con-

sidered to be large effect sizes.*’

Empirically deriving a threshold of meaningful change
for the Peak Pruritus Numerical Rating Scale

Analyses were conducted using the trial data to define a clini-
cally meaningful within-person change, or response,'' "*'®3!
by using both distribution- and anchor-based methods.*® The
distribution-based method used one-half SD of the average
Peak Pruritus NRS at baseline. The anchors included both PRO
and ClinRO assessments. The PRO-based anchor was > 1-point
improvement in PCS at week 16. The ClinRO-based anchors
were EASI score at week 16 according to EASI 50-74 (50—
74% improvement), EASI 75-90 or EASI 90-100; and IGA
score of 0 or 1 at week 16, or improvement of > 2 points
from baseline to week 16.

Results

Content validation

In June 2014, qualitative researchers conducted in-depth inter-
views with 14 patients with AD in Detroit, Michigan, U.S.A.
(n = 6) and Tampa, Florida, U.S.A. (n = 8). The mean age of
participants was 40-1 years (range 19-71) and 64% were
female (Table 3). Half were Black or African American (n = 4,
29%) or Hispanic/Latino (n = 3, 21%), and approximately one-
third (n =5, 36%) had no more than a high school education.
All interview participants endorsed itch as a symptom of
their AD. Most participants (n = 9, 64%) stated that once an
episode of AD had begun, their pruritus was relatively con-
stant (i.e. continuously present throughout the day), whereas
the remaining participants (n = 5, 36%) described their pruri-
tus as intermittent (i.e. comes and goes throughout the day).
When asked about the impact of itch, most participants (n =
13, 93%) reported at least one meaningful consequence such
as feeling embarrassed or self-conscious about itching or
4, 29%), problems with
concentration (n = 3, 21%), sleep interruption (n = 3, 21%)

scratching in front of others (n =

© 2019 The Authors. British Journal of Dermatology
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Table 3 Patient characteristics

Content validation

Psychometric evaluation

Concept elicitation and

Exploratory analysis
using phase IIb data (n = 379)

Confirmatory analysis using
pooled phase III data (n = 1379)

Characteristic cognitive interviews (N = 14)
Sex, female, n (%) 9 (64.3)
Age (years), mean £ SD 40-1 &= 15-2
Race, n (%)"

White 7 (50)

Black or African American 4 (28.3)

Asian 0

Other 3 (21.4)
Ethnicity, n (%)

Hispanic or Latino 3 (21.4)
Region, n (%)

Americas 14 (100)

Asia Pacific 0

Eastern Europe 0

Western Europe 0

Body mass index (kg m™*), mean =+ SD
Duration of AD, mean =+ SD? —

145 (38-3) 581 (42-1)
37-0 + 122 38:3 + 14-3
257 (67-8) 939 (68-9)
33 (8-7) 94 (69)
82 (21-6) 300 (22-0)
7 (18) 29 (2-1)
14 (3-7) 52 (3-9)
166 (43-8) 632 (45-8)
58 (15-3) 205 (14-9)
73 (19-3) 183 (13-3)
82 (21-6) 359 (26:0)
262 + 6-1 26:5 + 5.7
28-0 & 13-6 28-1 4 150

AD, atopic dermatitis. “Pooled SOLO 1 and 2 data based on 1362 patients. Pooled SOLO 1 and 2 data based on 1348 patients. “Phase ITb
data based on 377 patients and pooled SOLO 1 and 2 data on 1377 patients. “Pooled SOLO 1 and 2 data based on 1367 patients.

and scratching to the point of bleeding (n = 3, 21%). All par-
ticipants reported experiencing their AD overall according to
fluctuations between worsening and improvement of itch.
Participants were presented with two NRSs, one measuring
‘worst itch’ (the Peak Pruritus NRS) and one measuring ‘aver-
age itch’ in the previous 24 h. Participants indicated that both
the NRSs were relevant, clear and easy to answer, and com-
prehensive in their assessment of itch severity. Comparing the
concept of ‘worst’ itch, as measured by the Peak Pruritus NRS,
with that of ‘average itch intensity’ in the past 24 h, most par-
ticipants reported that ‘worst’ itch was easier to remember
and to rate (n = 11, 79%) and was more important to
improve with AD treatment (n = 8, 57%). The participants’
interpretation of the Peak Pruritus NRS was also more precise
and consistent than ‘average itch’ across participants. All par-
ticipants (100%) reported that it would be easy to recall their
pruritus every day for 4 months in order to provide ratings of
severity. The majority of participants reported that they pre-
ferred to respond via phone (n = 8, 57%) than by web system
or handheld device, or using a pen and paper. Therefore, the
Peak Pruritus NRS was determined to be a content-valid
instrument for measuring worst itch in the past 24 h.

Psychometric assessment

Patient characteristics

The study design and patient characteristics from the dupilu-
mab phase IIb and phase III monotherapy trials (SOLO 1 and
SOLO 2) have been reported previously.'”*° Patient character-
istics were balanced across the phase IIb and pooled phase III

© 2019 The Authors. British Journal of Dermatology

trials (Table 3). Missing values for Peak Pruritus NRS were
low at baseline and week 16 in the phase IIb trial (2:6% and
13-7%, respectively) and in the pooled phase III analysis
(0-4% and 7-0%, respectively).

Test-retest reliability

With respect to test-retest reliability, ICCs for week 15 and
week 16 test—retest measures of Peak Pruritus NRS were strong
in both the exploratory phase IIb (0-95) and confirmatory
phase IIT (0-96) analyses. The values were above the generally
threshold of 0-70 for scales

recommended multi-item

(Table 4).%3?

Construct validity

Construct validity was conducted using correlations of Peak Pru-
ritus NRS scores at baseline with those of similar constructs (the
PRO measures PCS, DLQI itch item and SCORAD itch VAS) and
dissimilar constructs (the ClinRO measures EASI and IGA). Large
positive correlations were found for the NRS and measures of
similar constructs, with Pearson correlation coefficients ranging
from 0-61 to 0-77 (Table 4). Correlations with measures of dis-
similar constructs were expectedly weak, with Pearson correla-
tion coefficients ranging from 0-09 to 0-24 (Table 4).

Known-groups validity

All known-groups comparisons were in the anticipated direc-
tion and statistically significant. Patients reporting ‘absent’ or
‘mild’ itch vs. ‘severe’ itch had significantly lower Peak

British Journal of Dermatology (2019) 181, pp761-769
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Table 4 Peak Pruritus Numerical Rating Scale (NRS): validity and reliability in dupilumab clinical trials

Preliminary analysis using
phase IIb data (n = 379)

Measurement property, outcome

Confirmatory analysis using
pooled phase III data (n = 1379)

Test-retest reliability: Peak Pruritus NRS scores at week 15 (test) and week 16 (retest)

PRO: Average Pruritus NRS*
PRO: PCS™"
PRO: DLQI Ttch item™”
PRO: SCORAD Itch VAS*
ClinRO: EASI®
ClinRO: IGA™*
Known-groups validity at week 16, mean £ SD (n)

PCS®

Absent (0)

Mild (1)

Moderate (2)

Severe (3)
Total DLQI”

No impact (0-1)

Small impact (2-5)

Moderate impact (6—10)

Very large impact (11-20)

Extremely large impact (21-30)
PGADS

Poor (1)

Fair (2)

Good (3)

Very good (4)

Excellent (5)

1-00 (369)
0-75 (369)
0-67 (369)
0-77 (369)
0-09 (369)
0-17 (369)

0-18 4 03 (22)¢
2:84 + 1.5 (172)
552 & 1-6 (96)¢
7-20 £ 1-8* (37)°

d

1-84 + 1-4 (79)F
3-44 + 1.8 (100)"
462 & 2-2 (69)F
5.78 + 1.9 (64)°
7-63 + 2.0% (14)°

5.97 «+ 2:3% (52)"
4.97 £ 23 (67)"
3.97 & 2.0 (91)"
2:59 £ 1.7 (72)"
210 + 1-9 (44)"

Intraclass correlation coefficient
Construct validity: Pearson correlation

coefficient with baseline Peak Pruritus scores, Pearson r (n)

0-66 (1374)
0-61 (1373)
0-72 (1363)
0-21 (1373)
0-24 (1373)

0-38 & 0-7 (101)°
2:99 + 16 (625)°
563 + 1.7 (417)°
7-71 £ 1.7% (139)°

2:06 + 1-8 (332)8
3.81 + 21 (409)2
497 4 2-0 (258)8
6-11 & 2-0 (218)8
7-51 4 1.9% (58)%

6-60 & 2:2* (140)"
5.50 & 2-1 (306)’
425 4+ 2:0 (364)
2-88 + 1-9 (300)"
1-61 & 1:6 (161)"

ClinRO, clinician-reported outcome; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global

Assessment; PCS, Pruritus Categorical Scale; PGADS, Patient Global Assessment of Disease Status; PRO, patient-reported outcome; SCORAD,

Scoring Atopic Dermatitis; VAS, visual analogue scale. *Expected r > 0.50. "Polyserial correlation was used for the exploratory analysis.
“Expected r < 0.30. “Omnibus F(3,323) = 165.44, P < 0.0001; all pairwise comparisons P < 0.0001 (Tukey—Kramer adjustment for
multiplicity); “Omnibus F(3,1278) = 676.98, P < 0.0001. All pairwise comparisons P < 0.0001 (Tukey—Kramer adjustment for multiplicity);
fOmnibus F(4,321) = 59.91, P < 0.0001. All pairwise comparisons P < 0.01 (Tukey—Kramer adjustment for multiplicity); EOmnibus F
(4,1270) = 205.16, P < 0.0001. All pairwise comparisons P < 0.0001 (Tukey—Kramer adjustment for multiplicity); "Omnibus

F(4,321) = 34.04, P < 0.0001. All pairwise comparisons P < 0.73 (Tukey—Kramer adjustment for multiplicity); 'Omnibus

F(4,1266) = 182.39, P < 0.0001. All pairwise comparisons P < 0.0001 (Tukey—Kramer adjustment for multiplicity). *P < 0.0001 for very

severe vs. mild or absent; extremely large impact vs. no impact; or poor vs. excellent.

Pruritus NRS scores at week 16 (P < 0-0001). Similarly,
patients who reported ‘no impact’ vs. ‘extremely large impact’
on the DLQI or ‘excellent’ vs. ‘poor’ on the PGADS had signif-
icantly lower Peak Pruritus NRS scores (P < 0-0001 for all
comparisons) (Table 4).

Sensitivity to change

To assess responsiveness or sensitivity to change, changes from
baseline in Peak Pruritus NRS scores were correlated with
changes from baseline in other PRO (PCS, DLQI itch item and
SCORAD itch VAS) and ClinRO (EASI, IGA) measures. Pearson
correlation coefficients were positive and strong for correla-
tions with PROs (correlation coefficients ranged from 0-64 to
0-77), as anticipated, and were positive and predominantly
moderate for correlations with ClinRO measures (correlation
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coefficients ranged from 0-46 to 0-50) (Table 5). Improve-
ments in itch reported by patients using Peak Pruritus NRS
were consistent with those reported using other PROs for itch
and with improvements in signs of the disease reported by
EASI and IGA. Effect-size estimates expressed in SD baseline
units were —1-4 in the exploratory phase IIb analysis and
—1-8 in the confirmatory pooled phase III analysis. The stan-
dardized response means were —1-1 and —1-3, respectively
(Table 5).

Threshold of meaningful change

The response threshold estimates based on the PCS, EASI and
IGA, as well as the distribution-based estimate are shown in
Table 6. Response estimates based on clinician-reported
anchors (EASI and IGA) ranged between 2-2 and 4-2, with the
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Table 5 Peak Pruritus Numerical Rating Scale (NRS): sensitivity to change in dupilumab clinical trials

Preliminary analysis using
phase IIb data (n = 379)

Measurement property, outcome

Confirmatory analysis using
pooled phase III data (n = 1379)

Sensitivity to change: Pearson correlation coefficients with change from baseline at week 16 in Peak Pruritus NRS scores, Pearson r (n)

PRO: PCS™® 0-71 (321) 0-72 (1280)
PRO: DLQI Itch item™” 0-66 (320) 0-64 (1273)
PRO: SCORAD Iich VAS" 0-77 (320) 0-73 (1259)
ClinRO: EASIC 0-50 (321) 0-46 (1273)
ClinRO: IGA™ 0-50 (321) 0-46 (1273)
Sensitivity to change: effect-size estimates of change from baseline at week 16 in Peak Pruritus NRS scores

Effect-size estimate change in baseline SD units —1-4 —1-8
Standardized response mean =11l =13

ClinRO, clinician-reported outcome; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global

Assessment; PCS, Pruritus Categorical Scale; PRO, patient-reported outcome; SCORAD, Scoring Atopic Dermatitis; VAS, visual analogue scale.

*Polyserial correlation was used for the exploratory analysis. "Expected r > 0.50. “Expected r > 0.30.

highest estimates based on the most stringent clinical criteria
(EASI 90-100 and IGA 0 or 1). The patient-reported anchor
(PCS) gave a response estimate of 2-6 and a much lower dis-
tribution-based estimate of 0-76.

Discussion

Several PROs have been developed for assessing itch,****3*

but none of these instruments has been fully validated for use
in randomized controlled trials of patients with moderate-to-
severe AD. Therefore, the Peak Pruritus NRS was developed to
assess patient-reported peak pruritus or ‘worst itch’ over the
past 24 h in this population. Cognitive interviews were con-
ducted to select the most relevant and appropriate measure
between ‘average’ and ‘worst’ itch items. Although partici-
pants were able to understand and complete both the average
and Peak Pruritus NRS items using the 24-h recall period, the

Table 6 Peak Pruritus Numerical Rating Scale (NRS) thresholds of

meaningful change estimates®

Peak Pruritus NRS threshold of

Method meaningful change estimate

Anchor-based estimates: mean change from baseline to week 16
in Peak Pruritus NRS for anchor group

PCS improvement > 1 point 2:6
EASI 50-74 2:2
EASI 75-89 32
EASI 90-100 Ztog)
IGA score of 0 or 1 41
IGA improvement > 2 points B8R0

Distribution-based estimate
One-half SD at baseline in
Peak Pruritus NRS

0-76

EASI, Eczema Area and Severity Index; IGA, Investigator’s Global
Assessment; NRS, Numerical Rating Scale; PCS, Pruritus Categori-
cal Scale. “Data from the phase IIb clinical trial of dupilumab

were used.'’

© 2019 The Authors. British Journal of Dermatology

participants’ interpretation of the Peak Pruritus NRS was more
precise and consistent across participants. The concept of
worst (peak) itch was also easier to rate than average itch, and
hence the Peak Pruritus NRS was retained over the Average
Pruritus NRS.

In the qualitative interview study, we have offered evidence
validating itch as a relevant concept for measuring symptom
severity and demonstrating the Peak Pruritus NRS to be a clear
and comprehensive tool to assess itch severity in patients with
moderate-to-severe AD. In the quantitative analysis of data
from the three clinical trials, we have shown that the Peak
Pruritus NRS is psychometrically valid in patients with moder-
ate-to-severe AD.

The test—retest reliability was very good, with ICCs ranging
from 0-95 to 0-96, thus demonstrating the stability of Peak
Pruritus NRS scores when the disease was hypothesized to be
stable. These values are similar, if not superior, to the ICCs
obtained in validation analyses of PROs for assessing current
itch intensity in patients with chronic itch on an NRS, a VAS
or a verbal rating scale (ICCs 0-74-0-87),”>** and the ICC of
0-91 obtained for the dynamic pruritus score.>®

The construct validity assessments have demonstrated that
Peak Pruritus NRS scores accurately capture the intensity of
worst itch. The Peak Pruritus NRS was also found to discrimi-
nate predictably between groups of extreme bands on the pru-
ritus-specific PCS, and on PROs not specifically developed to
assess AD (PGADS and DLQI).

Effect-size estimates indicating the overall magnitude of
change in the Peak Pruritus NRS were above Cohen’s 0-80
threshold.*® As anticipated, changes in Peak Pruritus NRS
scores were moderately to strongly correlated with changes in
both PROs (SCORAD itch VAS, DLQI itch item and PCS) and
ClinROs (EASI and SCORAD) and support the responsiveness
of the Peak Pruritus NRS to change. Correlations by active
treatment vs. placebo (results not reported) confirmed the
conclusion drawn from analyses of pooled treatment arms.

The findings from the anchor-based response analysis sug-
gest that the most appropriate definition of a response on the
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Peak Pruritus NRS is in the range of > 2—4 points. This
response threshold is similar to the 2-3 points previously
determined to be the minimal clinically important difference
for similar single-item PROs in patients with chronic itch,
which have assessed either the worst itch over the past 3 days
or average itch intensity over the past 24 h on an NRS.***¢
Similarly, > 4-point improvement on the Itch NRS was
recently determined as clinically meaningful in patients with
plaque psoriasis.'® Thresholds of meaningful change can be
calculated using anchor-based or distribution-based methods;
estimates from both methods are reported herein. This study
agrees with previous findings that distribution-based methods
threshold  than
approaches,®” and illustrates how the choice of anchor can
affect the threshold calculation. The PCS may be the most
appropriate anchor for the Peak Pruritus NRS (2-6), because the

tend to report a lower anchor-based

changes in scores between the two measures correlated strongly,
whereas changes in the EASI and IGA scores were only moder-
ately correlated with the change in Peak Pruritus NRS score.

There were several limitations to our analysis. Although
there were a variety of ethnicities in the adult sample inter-
viewed, children and parents or carers of children with
eczema were not included; this validation applies only to
adults. Data were from an international trial, and question-
naires were administered only to the subset of patients who
fluently spoke a language into which the assessment tool had
been translated. The daily completion of the Peak Pruritus
NRS by patients is recommended by the FDA to aid interpreta-
tion of symptom data without requiring longer recall by
patients.'® Taking the average score of the Peak Pruritus NRS
over a 7-day period accounts for the variation in itch that may
be seen between days. However, in taking the average rather
than all daily data points, variability in the dataset is reduced,
and this may artificially increase the correlations with other
measures. Although both SCORAD and DLQI scores have been
extensively validated in several studies,”® the individual DLQI
itch and SCORAD itch VAS items have not been validated sepa-
rately.

The key strength of this body of work lies in the fact that it
comprehensively summarizes the content validity and assess-
ment of psychometric properties of a single-item PRO mea-
sure to assess worst itch intensity in patients with moderate-
to-severe AD. Validation of the tool using several clinical trial
databases allowed us to leverage a large sample size and to
perform correlation analysis of the Peak Pruritus NRS by using
multiple patient- and clinician-reported outcomes. The
response threshold was estimated using both anchor-based
and distribution-based methods. The low correlation at base-
line between Peak Pruritus NRS and EASI and IGA scores sug-
gests that the Peak Pruritus NRS score is not a redundant
measure for assessing the severity of AD and stands indepen-
dently of the clinical assessment of AD signs. The HOME ini-
tiative is seeking a suitable scale for itch intensity, and the
Peak Pruritus NRS may be a useful contender for considera-
tion."" The analyses presented here provide strong evidence
that the Peak Pruritus NRS is a well-defined, reliable, fit-for-
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purpose measure for evaluating the intensity of worst itch in
clinical trials among patients with moderate-to-severe AD.
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