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Background: Eosinophilic esophagitis (EoE) is a chronic,
inflammatory disease of the esophagus leading to symptoms of
esophageal dysfunction; dysphagia is the most common
symptom experienced by adults and adolescents.
Objective: We sought to perform a psychometric evaluation of
the Dysphagia Symptom Questionnaire (DSQ), a patient-
reported outcome measure for patients with EoE.
Methods: Using baseline and week 24 data from the
randomized, interventional, multinational phase 3 R668-EE-
1774 trial (NCT03633617), the measurement properties of the
DSQ—including reliability, construct and known-groups
validity, responsiveness, and interpretation of change—were
evaluated.
Results: The analysis population comprised 239 patients with
EoE (age [mean 6 SD], 28.1 6 13.14 years; 63.6% male; 90.4%
White). Intraclass correlation coefficients of 0.92 and 0.97
exceeded the acceptable reliability threshold (>_0.70). Construct
validity correlations with EoE symptom and impact measures
were moderate at baseline (|r| 5 0.44-0.55) and week 24 (|r| 5
0.55-0.69), and the DSQ biweekly total score discriminated
among groups defined by disease severity. Analyses exploring
interpretation of change from baseline on the DSQ biweekly
total score indicated thresholds for within-patient improvement
ranging from 9 to 23 points; a within-patient improvement from
baseline of 13 points or greater could be considered clinically
meaningful.
Conclusions: This analysis confirmed that the DSQ has
acceptable distributional properties, test-retest reliability,
construct validity, and ability to detect change. Therefore,
the DSQ is a valid and reliable measure to assess the
patient-reported symptom of dysphagia among adult and
adolescent patients with EoE in the context of a clinical trial
setting. (J Allergy Clin Immunol Global 2024;3:100302.)
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Eosinophilic esophagitis (EoE) is a chronic, inflammatory
disease of the esophagus characterized by local eosinophilic
inflammation leading to symptoms of esophageal dysfunction.1-4

EoE may be either sporadic or familial, with an estimated 7% of
individuals with EoE having a family member also affected by
EoE.5 More than 1 in 1000 people currently live with EoE in Eu-
rope andNorthAmerica, where prevalence is the highest; the inci-
dence rate ranges from 5 to 20 new cases per 100,000 people
annually in both adults and children.6 Symptoms of EoE are detri-
mental to the health-related quality of life of patients, who report
significant physical, psychological, and social burdens.7 As EoE
progresses, chronic inflammation can lead to fibrosis; this fibrosis
in turn contributes to food impactions,8-10 which can require
emergent endoscopic removal to relieve.3,8,9,11 Thus, diagnosis
in the early stages of disease is key.12 Although there is no cure
for EoE, treatment options include dietary changes, swallowed
topical steroids (fluticasone or budesonide), a biologic (dupilu-
mab), and endoscopic therapy with esophageal dilation.13 Anti-
inflammatory agents have been investigated as more effective
treatments for EoE.13

Although younger children with EoE experience a range of
symptoms, dysphagia is the most prevalent EoE symptom in both
adults and adolescents,13-17 and as such is an important patient-
reported end point in clinical trials evaluating therapeutics for
EoE. A number of disease-specific patient-reported outcome
(PRO) measures have been used to measure EoE symptoms in a
clinical trial setting, including the Straumann Dysphagia Index,
the Eosinophilic Esophagitis Activity Index, the Dysphagia
Numeric Rating Scale, and the Dysphagia Symptom Question-
naire (DSQ).16,18-20 The DSQ was developed in accordance
with guidance from the US Food and Drug Administration21 to
measure the daily frequency and severity of dysphagia associated
with EoE.16,20 Since the initial development of the DSQ in
2013,16 its content validity and psychometric properties have
been evaluated and described.20,22 TheDSQ has been applied suc-
cessfully in several clinical trials to evaluate patient out-
comes.23-27 Strengths of the DSQ include its daily recall period,
its development with both adult and adolescent patients, and its
assessment of both frequency and severity of dysphagia.

The randomized, placebo-controlled, phase 3 clinical trial
R668-EE-1774 (NCT03633617) was conducted to investigate the
efficacy and safety of dupilumab in adults and adolescents with
EoE.26 Dupilumab is a humanized mAb against IL-4 and IL-13, 2
cytokines that are elevated in patients with EoE and play a role in
pathogenesis.28,29 The absolute change in DSQ biweekly total
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Abbreviations used

DSQ: Dysphagia Symptom Questionnaire

EoE: Eosinophilic esophagitis

EoE-EREFS: Eosinophilic Esophagitis Endoscopic Reference Score

EoE-IQ: Eosinophilic Esophagitis Impact Questionnaire

EoE-SQ: Eosinophilic Esophagitis Symptom Questionnaire

eos/hpf: Eosinophils/hpf

ICC: Intraclass correlation coefficient

PGIC: Patient Global Impression of Change

PGIS: Patient Global Impression of Severity

PRO: Patient-reported outcome

J ALLERGY CLIN IMMUNOL GLOBAL

NOVEMBER 2024

2 MCCANN ET AL
score from baseline to week 24 was included as a coprimary
symptom outcome in the R668-EE-1774 study, along with the
DSQ biweekly total score 5
Sum of points from questions 2 and 3 from daily DSQ electronic diary

Number of electronic diary days reported with nonmissing data
314 days:
proportion of patients who achieved a peak esophageal intraepi-
thelial eosinophil count of less than or equal to 6 eosinophils/
hpf (eos/hpf) at week 24. The goal of the present analysis was
to use the data gathered in the R668-EE-1774 trial to assess the
psychometric properties of the DSQ in adult and adolescent pa-
tients with EoE.
METHODS

Study design and participants
The randomized, phase 3 clinical trial enrolled adults and

adolescents with EoE who were 12 years or older. The trial was
conducted in 3 parts and a follow-up period: part A (n5 81) and
part B (n5 240) (each consisting of a 24-week double-blind treat-
ment period), part C (a 28-week extended active treatment
period), and a 12-week follow-up period after the end of the
extended active treatment period. The DSQ was administered
daily throughout the trial and the follow-up period.26 For trial
enrollment, patients had to have a baseline DSQ biweekly total
score of 10 or higher. For this evaluation, DSQ data from part
A were used for preliminary analyses, whereas DSQ data from
part B were used for the primary psychometric analyses. The
PRO analysis population included all randomized patients who
completed at least 1 of 3 PRO measures (DSQ, Eosinophilic
Esophagitis Symptom Questionnaire [EoE-SQ], or Eosinophilic
Esophagitis Impact Questionnaire [EoE-IQ]) at baseline in the
respective study part. In the present analysis, data were pooled
across treatment arms within each study part, because the goal
was to evaluate the psychometric properties of the DSQ irrespec-
tive of treatment allocation. Findings presented here are for part B
unless otherwise specified; results for part Awere similar but are
not presented.
Study measures
Study participants completed the DSQ each day following their

final meal using an electronic diary. Questions on the DSQ have a
daily recall period; question 1 asks whether or not the patient ate
solid food that day, and, for patients who did eat solid food that
day, questions 2 and 3 assess the frequency and severity of any
dysphagia that occurred. A fourth DSQ item assessing pain when
swallowing food (odynophagia) was also administered in the
study but did not contribute to the DSQ scoring. The daily DSQ
score ranges from 0 to 6; item scoring details are presented in
Table I. The DSQ biweekly total score was calculated over a 14-
day period as the sum of the daily DSQ scores divided by the num-
ber of days with electronic diary data, multiplied by 14 to convert
the score to a biweekly total score. Aminimum of 8 diary comple-
tion days were required over that period for the biweekly total
score to be calculated.20 The DSQ biweekly total score can range
from 0 to 84, where higher scores indicate a greater dysphagia
burden:
Several supporting PRO measures were used in the psycho-
metric evaluation of the DSQ: the Patient Global Impression of
Severity (PGIS), the Patient Global Impression of Change
(PGIC), the EoE-SQ, and the EoE-IQ. The peak esophageal
intraepithelial eosinophil count and the Eosinophilic Esophagitis
Endoscopic Reference Score (EoE-EREFS) were also included as
supporting clinical measures. Table II provides the supporting
study measures in detail.
Statistical analyses
Quality of completion and score distribution. Quality

of completion of the DSQ was assessed by the number and
percentage of patients with missing daily assessments over the
course of the study. Descriptive statistics were summarized for
DSQ biweekly total scores at baseline and week 24 and also for
the change between baseline and week 24. Floor (worst outcome)
and ceiling (best outcome) effects were defined as there being
more than 20% of patients with the worst DSQ biweekly total
score or the best DSQ biweekly total score, respectively.

Using data from patients in part A and a subset of patients in
part B of the study, simulation analyses were conducted to
evaluate themissing-data rule for theDSQ that allows up to 6 days
of missing data from the 14-day calculation period. Using
baseline data from patients with all 14 daily DSQ scores in a
14-day period, daily scores were randomly set to ‘‘missing’’ for
each patient for missing levels ranging from 1 to 13 days during
the 14-day period. At eachmissing level, the scorewas considered
stable if, over 500 simulation replications, the 95% CI of the SD
of the DSQ biweekly total score was within a reference range
defined as the SD 6 0.1 SD of the DSQ biweekly total score
derived from the complete data.

Reliability. To evaluate test-retest reliability, or the repro-
ducibility of the DSQ biweekly total scores over time, intraclass
correlation coefficients (ICCs) for scores at week 20 (test) and
week 24 (retest) were computed using 2-way, mixed-effects



TABLE II. Study measures

Outcome measure Measurement concept Scoring Recall period

Global assessment

measures

PGIS Overall difficulty in swallowing food 4-point scale:

1 5 none; 2 5 mild; 3 5 moderate;

4 5 severe

Lower scores indicate lower symptom

severity

Past week

PGIC Overall change in difficulty swallowing food 7-point scale:

0 5 very much better; 1 5 moderately

better; 2 5 a little better; 3 5 no change;

4 5 a little worse;

5 5 moderately worse; 6 5 very much

worse

Lower scores indicate greater improvement

in difficulty swallowing food

Change since

started taking

study injection

EoE-specific PRO

measures

EoE-IQ Emotional, social, work and school, and sleep impact of EoE Range, 1 to 5

Higher scores indicate worse HRQoL

Past 7 d

EoE-SQ Frequency and severity of 5 EoE symptoms other than dysphagia:

chest pain, stomach pain, burning feeling in the chest, food or

liquid coming back up into the throat, and throwing up

EoE-SQ frequency: range, 5 to 25

EoE-SQ severity: range, 0 to 30

Higher scores indicate more frequent/more

severe symptoms

Past 7 d

Endoscopic/histologic

measures

EoE-EREFS Endoscopic scoring measure based on inflammatory and remodeling

features of EoE for proximal and distal regions of the

esophagus30

Range, 0 to 18

Higher scores indicate greater disease

activity

Current

Peak esophageal

intraepithelial

eosinophil count

Histologic measure based on esophageal biopsies Maximum of the quantities of eos/hpf

Categorized into 3 levels: 1 5 <_6 eos/hpf;

2 5 >6 to <15 eos/hpf; 3 5 >_15 eos/hpf

Current

HRQoL, Health-related quality of life.

TABLE I. DSQ items and scoring

Question no.* Response option Score

1. Since you woke up this morning, did you eat

solid food?

No No score assigned

Yes No score assigned

1a. Please select the reason for not eating solid

food since you woke up this morning.�
Because of your problems with swallowing solid food No score assigned

Sensitivity analysis: score of 6

Because of a reason NOT related to your problems with

swallowing solid food

No score assigned

2. Since you woke up this morning, has food

gone down slowly or been stuck in your

throat?

No 0

Yes 2

3. For the most difficult time you had swallow-

ing food today (during the past 24 h), did you

have to do anything to make the food go

down or to get relief?

No, it got better or cleared up on its own 0

Yes, I had to drink liquid to get relief 1

Yes, I had to cough and/or gag to get relief 2

Yes, I had to vomit to get relief 3

Yes, I had to seek medical attention to get relief 4

The DSQ was modified from DSQ v 4.0, J. Patient-Reported Outcomes (2017) 1:3, � S. Hudgens, C. Evans, E. Phillips, and M. Hill, licensed under Creative Commons 4.0. http://

creativecommons.org/licenses/by/4.0.

*Question 4 (‘‘What was the worst pain you had while swallowing food over the past 24 h?’’) measures pain related to swallowing as an exploratory outcome and is not included in

the DSQ daily score calculation.

�Question 1a was added to the DSQ on the basis of the Health Authority recommendation.
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ANOVA with absolute agreement for single measures.31 Two
‘‘stable’’ patient subsets were defined: patients with the same
PGIS score at test and retest and patients with the same PGIC
score at test and retest. Acceptable reliability was defined as an
ICC of 0.70 or higher.32,33

Construct validity. Correlations between DSQ biweekly
total scores and scores on the supporting measures at baseline and
week 24 were determined to assess convergent and divergent
validity. The strength of correlations was evaluated (correlations
<0.3, weak or small; >_0.3 to <0.7, moderate; >_0.7 to <0.9, strong;
and >_0.9, very strong).34,35 For the validation of the DSQ, we hy-
pothesized the following correlations for the DSQ biweekly total
scores:

d Moderate to strong correlations with the PGIS, EoE-SQ
Frequency and Severity, and EoE-IQ scores;

d Small to moderate correlations with the peak esophageal
intraepithelial eosinophil count; and

d Small correlations with EoE-EREFS.

In addition, ANOVAs and t tests were used to compare cate-
gories of PGIS, the presence or absence of EoE symptoms (as-
sessed by EoE-SQ Frequency items), and peak eosinophil count
at baseline and week 24 to determine the ability of the DSQ
biweekly total score to differentiate between known groups
defined by the supporting measures (known-group validity).

Responsiveness. To evaluate the DSQ’s ability to detect
change, correlations were calculated between the change in DSQ
biweekly total score from baseline to week 24 and the corre-
sponding changes assessed by supporting measures. In addition,
ANOVAs were performed to compare changes in DSQ biweekly
total scores from baseline toweek 24 by responsiveness groups on
the basis of PGIS, PGIC, and peak esophageal intraepithelial
eosinophil count. Patients were considered improved if they had a
more than or equal to 1-point improvement on the PGIS or
responded at least ‘‘A little better’’ to the PGIC, and they were
considered worsened if they had a more than or equal to 1-point
deterioration on the PGIS or responded at least ‘‘A little worse’’
to the PGIC. Standardized effect size statistics were calculated
for within- and between-group changes; a standardized effect
size of 0.20 to 0.49 was considered small, 0.50 to 0.79 moderate,
and more than or equal to 0.80 large.34

Interpretation of change. To explore meaningful within-
patient change in DSQ biweekly total scores, anchor-based
analyses were performed using part B data from the PGIS and
the PGIC as candidate anchor measures. To be considered
appropriate, the anchor measure was required to have a respon-
siveness correlation (of |r| >_ 0.371) with DSQ biweekly total
scores.36 Descriptive statistics of the changes in the DSQ
biweekly total score were computed by the levels of the PGIS
change from baseline to week 24 and the PGIC response at
week 24. Candidate anchor levels included a 1-point improve-
ment on the PGIS and a response of ‘‘A little better’’ for the
PGIC. Given the potential for greater recall bias with the longer
recall period of the PGIC,37 the PGIS was considered the primary
anchor measure. Empirical cumulative distribution function and
probability density function plots were generated by anchor levels
to provide visual support. The 0.5 SD of baseline scores and the
standard error of measurement using the test-retest ICC between
weeks 20 and 24 as a reliability estimate were computed, which
yielded supportive, distribution-based estimates of meaningful
change that quantify measurement error.
RESULTS

Patient characteristics
The PRO population of part B of the R668-EE-1774 study

comprised 239 patients with a mean age of 28.1 6 13.14 years
(Table III). Most patients were male (63.6%) and White (90.4%).
Of the 239 patients in the PRO population, 213 remained in the
study at week 24.
DSQ completion and score distribution
At baseline, 100% of patients in the part B PRO population had

sufficient diary completion to calculate aDSQbiweekly total score;
by week 24, 175 patients (82% of the 213 patients) had a DSQ
biweekly total score.Mean biweekly total scorewas 36.676 11.22
at baseline and improved to 17.366 18.05 at week 24 (Table IV).
The proportion of patients answering ‘‘No’’ to question 1 (‘‘Since
you woke up this morning, did you eat solid food?’’) was 0.5% to
1.8% at baseline and 0% to 1.8% atweek 24. On any given day dur-
ing the 14-day assessment period, fewer than 12% of patients had
missing DSQ daily scores at baseline, and fewer than 28% had
missing DSQ daily scores at week 24 (see Table E1 in this article’s
Online Repository at www.jaci-global.org).

For the missing-data simulation analysis, the reference range
for the SD of the DSQ biweekly total score at baseline was 11.75
to 14.36. The simulation showed that the 95% CI of the mean of
the SDs from the repeat simulations remained within the
reference range when up to 10 days of DSQ data were missing,
supporting the rule of up to 6 missing days during each 14-day
assessment period for computation of the biweekly total score.

There were no floor or ceiling effects in DSQ biweekly total
scores at baseline (ie, no patient had the best [0] or the worst [84]
score at baseline [Table IV]), thereby allowing the demonstration
of both improvement and worsening in symptoms over time. At
baseline, more than 80% of patients reported food going down
slowly or getting stuck each day, although more than 60% of pa-
tients responded that they did not need to do anything, or only
needed a drink, to get relief from dysphagia. DSQ scores
decreased (improved) over time, and by week 24, 23.4% of pa-
tients reported the best score of 0.
Reliability
For the subsample of patients determined to be stable between

weeks 20 and 24 on the basis of PGIS and PGIC scores, the test-
retest ICCs for DSQ biweekly total scores were 0.92 and 0.97,
respectively, which exceed the minimum value of 0.70 for
acceptable reliability.33 Mean score differences indicated no sig-
nificant change in scores over the test-retest period (P > .05).
Construct validity
Convergent and divergent validity. Table V shows the

construct validity correlations for DSQ biweekly total scores
and supporting measures at baseline and week 24 (see also
Table E2 in this article’s Online Repository at www.jaci-global.
org). The correlations were higher at week 24 than at baseline,
and the patterns of association were as expected. Specifically, cor-
relations with PGIS, EoE-SQ Frequency and Severity, and EoE-
IQ scores were moderate at baseline (|r| 5 0.44-0.55) and week
24 (|r|5 0.55-0.69), indicating convergent validity (ie, correlation
between measures assessing similar EoE concepts). Correlations

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


TABLE IV. Descriptive statistics for DSQ biweekly total score at baseline and week 24

Statistics Baseline (N* 5 239) Week 24 (n 5 213) Change baseline to week 24 (n 5 213)

N 239 175 175

Mean 6 SD 36.67 6 11.220 17.36 6 18.051 –18.77 6 15.57

Median 38.77 9.00 –18.92

Q1:Q3 29.17:44.33 2.00:33.83 –29.27:–7.82

Minimum:maximum 8.4:70.0 00:70.0 –56.2:19.4

%� with most severe DSQ biweekly total score (floor effect) 0.0 0.0 NA

%� with least severe DSQ biweekly total score (ceiling effect) 0.0 23.4 NA

%� missing 0.0 17.8 17.8

NA, Not applicable.

*The number of patients in the PRO population who remained in the study at the corresponding time point.

�Percentage is based on n.

�Percentage is based on N.

TABLE III. Patient demographic and disease characteristics at baseline

Characteristics Adolescents aged >_12 to <18 y (n 5 79) Adults aged >_18 y (n 5 160) Total (N 5 239)

Age (y)

Mean 6 SD 15.0 6 1.62 34.7 6 11.32 28.1 6 13.14

Median 15.0 35.0 24.0

Q1:Q3 14.0:16.0 24.0:41.5 16.0:38.0

Minimum:maximum 12:17 18:68 12:68

Sex, n (%)

Female 22 (27.8) 65 (40.6) 87 (36.4)

Male 57 (72.2) 95 (59.4) 152 (63.6)

Race, n (%)

Asian 2 (2.5) 3 (1.9) 5 (2.1)

Black or African American 7 (8.9) 1 (0.6) 8 (3.3)

White 64 (81.0) 152 (95.0) 216 (90.4)

Other 6 (7.6) 1 (0.6) 7 (2.9)

Not reported 0 3 (1.9) 3 (1.3)

Ethnicity, n (%)

Hispanic or Latino 3 (3.8) 10 (6.3) 13 (5.4)

Not Hispanic or Latino 76 (96.2) 149 (93.1) 225 (94.1)

Unknown 0 1 (0.6) 1 (0.4)

Comorbidity, n (%)

Allergic rhinitis 57 (72.2) 96 (60.0) 153 (64.0)

Asthma 45 (57.0) 62 (38.8) 107 (44.8)

Atopic dermatitis 33 (41.8) 29 (18.1) 62 (25.9)
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with EoE-EREFS at baseline and week 24 and with peak esoph-
ageal intraepithelial eosinophil count at week 24 were small (|r|5
0.12-0.19), indicating divergent validity (ie, weaker correlation
between DSQ and measures assessing different EoE concepts
[histology and endoscopic severity]).

Known-groups validity. Mean DSQ biweekly total scores
for known groups on the basis of (1) PGIS and presence or
absence of 5 EoE symptoms at baseline and week 24 and (2) peak
esophageal intraepithelial eosinophil count at week 24 are
presented in Table E2. Patterns of mean DSQ biweekly total
scores by levels of PGIS met expectations, with higher mean
scores observed with increasingly severe disease at both time
points. Similarly, the DSQ biweekly total score was able to
discriminate between the presence and absence of all 5 EoE
symptoms and between categories of peak esophageal intraepi-
thelial eosinophil count (all P < .05).
Responsiveness
Table V (see also Table E2) presents ANOVAs for mean DSQ

biweekly total change scores by responsiveness groups at week
24. The highest negative DSQ biweekly total change scores (indi-
cating the greatest improvement) were observed for patients who
had improved on PGIS and PGIC. The omnibus tests, as well as
the pairwise comparisons ofmean change scores between patients
who had improved and patients who had not changed, were statis-
tically significant for both PGIS and PGIC (all P <_ .0001). There
were no significant differences in DSQ biweekly total change
scores between patients with peak esophageal intraepithelial
eosinophil count less than or equal to 6 eos/hpf and those with
greater than or equal to 6 eos/hpf at week 24. The pattern of
responsiveness correlations was generally consistent with the
cross-sectional correlations. DSQ biweekly total change scores
showed moderate correlations with change scores on other



TABLE V. Summary of key measurement properties of the DSQ at baseline and week 24

Measurement property Category Part B

Reliability

ICC (n) for scores at week 20 and week 24 Patients with no change on the PGIS from week 20 to week 24 0.92 (78)

Patients with no change on the PGIC from week 20 to week 24 0.97 (85)

Construct validity

Pearson correlation coefficient (n) at baseline/week 24 PGIS 0.47 (228)/0.69 (175)

EoE-SQ Frequency 0.55 (228)/0.62 (174)

EoE-SQ Severity 0.46 (228)/0.55 (174)

EoE-IQ 0.44 (224)/0.68 (175)

EoE-EREFS –0.12 (237)/0.18 (180)

Peak esophageal intraepithelial eosinophil count Not conducted/0.19 (182)

Ability to detect change

Pearson correlation of change (n) at week 24 PGIS 0.53 (166)

PGIC 0.54 (177)

DSQ change by PGIS change between baseline and

week 24

Mean change score (n) Improved: –24.93 (102)

No change: –8.43 (55)

Worsened: –9.47 (9)

P <_ .0001

Within-group SES Improved: –1.80

No change: –0.63

Worsened: –0.48

Between-group SES Improved vs no change: –1.21

Improved vs worsened: –1.08

No change vs worsened: 0.07

SES, Standardized effect size.

TABLE VI. Summary of anchor-based estimates to interpret change from baseline to week 24 in DSQ biweekly total score

Global assessment measure

DSQ biweekly total change score from baseline to week 24

N Mean 6 SD 95% CI Median

PGIS

Worsening (>_1-point worsening) 9 –9.47 6 19.587 –24.53 to 5.59 0.00

0-point change 55 –8.43 6 13.285 –12.03 to –4.84 –7.82

1-point improvement 77 –22.42 6 13.202 –25.41 to –19.42 –23.46

2-point improvement 22 –30.43 6 12.075 –35.78 to –25.07 –32.14

3-point improvement 3 –49.24 6 6.529 –65.46 to –33.02 –48.22

PGIC

Worsening (a little, moderately, very much) 5 –7.28 6 13.122 –23.58 to –9.01 –8.17

No change 26 –3.02 6 11.062 –7.49 to 1.45 0.00

A little better 39 –11.80 6 14.470 –16.49 to –7.11 –9.33

Moderately better 44 –22.69 6 14.385 –27.07 to –18.32 –23.06

Very much better 63 –28.40 6 12.474 –31.54 to –25.26 –28.00
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EoE-specific PRO measures and small correlations with changes
in the endoscopic and histology measures (Table E2).
Interpretation of change
The adequacy of the PGIS and PGIC as anchor measures was

confirmed by correlations with DSQ biweekly total change scores
of 0.53 and 0.54, respectively (Table V), which exceed the
required minimum of 0.371.36 Mean and median changes in
DSQ biweekly total scores across the levels of each anchor mea-
sure also were as expected, with greater reductions in DSQ
biweekly total scores being generally associated with greater
levels of improvement on the PGIS and PGIC at week 12 (see
Table E3 in this article’s Online Repository at www.jaci-global.
org) and at week 24 (Table VI). The empirical cumulative distri-
bution function and probability density function plots showed
adequate separation of the anchor groups for the PGIS and to a
lesser extent for the PGIC (see Fig E1-E4 in this article’s Online
Repository at www.jaci-global.org), supporting the use of PGIS
and PGIC response categories to determine meaningful change
on the DSQ biweekly total score.

Using the PGIS anchors for change from baseline to week 24,
the median DSQ biweekly total change scores were –23.46 (n 5
77; mean, –22.42) for a 1-point improvement on the PGIS and
–32.14 (n 5 22; mean, –30.43) for a 2-point improvement on
the PGIS (Table VI; results for age subgroups are presented in
Tables E4 and E5 in this article’s Online Repository at www.
jaci-global.org). The median DSQ biweekly total change scores
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at week 24 using the PGIC anchors were –9.33 (n 5 39; mean,
–11.80) for ‘‘A little better’’ and –23.06 (n 5 44; mean, –22.69)
for ‘‘Moderately better.’’ In addition, the lower limits of the
95% CI for patients with no change on the PGIS and PGIC
were –12.03 and –7.49, respectively (Table VI). The results based
on the PGIS (considered to be the primary anchor measure) indi-
cated a threshold range of –13 to –24 for change on the DSQ
biweekly total score. The corresponding estimates from both
age groups fell into this range, with the adolescents’ magnitude
at the smaller side.

As additional sensitivity analyses, the distribution of DSQ
score changes at week 24 by baseline PGIS ratings and also by age
groups (adolescents and adults) were reviewedwithin participants
who achieved a 1-category improvement on the PGIS at week 24
(see Table E6 in this article’s Online Repository at www.jaci-
global.org). Most participants with a 1-category improvement
on the PGIS (n 5 94) reported mild (n 5 37) or moderate (n 5
52) severity at baseline. The median change in the DSQ biweekly
total score was –24.08 (mean, –21.88) for participants with a
moderate baseline PGIS and –23.92 (mean, –25.20) for partici-
pants with a mild baseline PGIS. The corresponding estimates
by baseline PGIS were similar across adolescents and adults,
except for adolescents with mild PGIS at baseline, whose change
scores were lower (median, –11.80; mean, –18.48; n 5 8). Most
estimates from the sensitivity analyses were within the threshold
range of –13 to –24, estimated from the main analyses. Therefore,
we propose a threshold range of a 13- to 24-point improvement to
reflect meaningful within-patient change on the DSQ biweekly
total score.

In the distribution-based analyses, the overall standard error of
measurement was 3.07 on the basis of an ICC of 0.92 (PGIS stable
sample) and 2.09 on the basis of an ICC of 0.97 (PGIC stable
sample); the 0.5 SD of the baseline scorewas 5.61. The sensitivity
results from 2 age groups deviated by 1 point or lower. As
expected, these estimates were lower than the anchor-based
estimates, thereby supporting the estimation of the meaningful
within-patient change from the anchor-based analyses.
DISCUSSION
This psychometric analysis using data from the R668-EE-1774

clinical trial confirmed that the DSQ is a valid and reliablemeasure
to assess patient-reported dysphagia among adult and adolescent
patients with EoE. No floor or ceiling effects were found at
baseline, and the random missing-data simulation supported the
DSQ scoring algorithm, allowing up to 6 missing days across the
14-day score calculation period. This analysis also showed high
test-retest reliability and adequate convergent and divergent and
known-groups validity for the DSQ. The construct validity
correlations tended to be stronger at week 24, because the study
inclusion criteria required patients to be symptomatic at baseline,
thereby limiting the dynamic range in baseline DSQ scores.

In addition, the DSQ had moderate to high responsiveness
correlations with other EoE-specific patient-reported measures;
as expected, correlations with clinical measures (ie, EoE-EREFS
and peak esophageal intraepithelial eosinophil count) were
weaker, consistent with previous findings that dysphagia symp-
tom indices do not correlate strongly with histologic mea-
sures.23,38 Patterns of change consistent with expectations and
large between-group effect sizes in the comparison between the
improved and no-change subgroups defined by the PGIS and
PGIC demonstrated the ability of the DSQ to detect change.
Anchor-based analyses indicated thresholds for improvement in
the DSQ biweekly total score ranging from 13 to 24 points,
with this level of improvement or greater considered clinically
meaningful within-patient change. The present study population
included patients who were nonresponsive to proton-pump inhib-
itors, many of whomwere previously treatedwith topical steroids,
and with substantial rates of steroid nonresponse and previous
esophageal dilation; thus, the meaningful change threshold
described heremay not be directly applicable to other patient pop-
ulations that differ in disease severity and/or previous treatment
history.

The DSQ has been used in previous clinical trials to show
significant improvements in dysphagia symptoms with EoE
treatment, supporting its fitness for purpose in this context of
use.23,25 Results of this analysis, which included patients receiving
either placebo or active treatment, further support that the DSQ has
acceptable measurement properties, in addition to establishing
thresholds for clinically meaningful within-patient change. The
proposed threshold of 13 to 24 was generally higher than the pre-
vious mean changes of –6.5 and –13.5 from patients reporting ‘‘A
little better’’ and ‘‘Better’’ PGIC ratings in the study by Hudgens
et al.20 This difference may be attributable to the use of different
primary anchor measures (PGIS in our study vs PGIC in the study
by Hudgens et al) and assessment period (week 24 in our study vs
week 12 in the study by Hudgens et al). When similarly assessing
the week 12 time point, we observed mean changes of –8.6 and
–17.6 from patients reporting ‘‘A little better’’ and ‘‘Moderately
better’’ on the current version of the PGIC (Table E3), which are
close to the mean changes reported by Hudgens et al.20 Given
that the PGIS is a commonly preferred anchor measure and
week 24 was the most relevant time point in our analyses, we sug-
gest a point threshold of 13- to 24-point reduction for meaningful
within-patient improvement on the DSQ biweekly total score.

Some limitations must be noted. The maximum possible score
on the DSQ is 84 points, achievable only if patients had
impactions severe enough to require emergency medical care
every day throughout the 14-day period. Given that the maximum
score of the DSQ is practically impossible, the question of
whether its dynamic range is sufficient to show potential change
must be considered when interpreting a meaningful within-
patient change threshold. Qualitative patient input on noticeable
and meaningful DSQ score changes to complement the anchor-
based analyses would strengthen our interpretation of meaningful
change.

The DSQ psychometric evaluation based on data from the
R668-EE-1774 trial confirmed the measure’s construct validity,
reliability, and ability to detect change. The findings confirm
those of previous studies and further strengthen the evidence that
the DSQ is a psychometrically valid measure to assess symptoms
of dysphagia among adults and adolescents with EoE.
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