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INTRODUCTION: Improvements in symptomatic experience and health-related quality of life (HRQoL) are among the

most important treatment benefits in patients with eosinophilic esophagitis (EoE). We assessed the

impact of dupilumab treatment on HRQoL, patients’ impression of dysphagia, and symptoms beyond

dysphagia in adults/adolescents (‡12 years) with EoE in parts A and B of the LIBERTY EoE TREET

(NCT03633617) study.

METHODS: The EoE Symptom Questionnaire (EoE-SQ; frequency and severity of nondysphagia symptoms), EoE

Impact Questionnaire (impact of EoE onHRQoL), andPatient Global Impression of Severity andPatient

Global Impression of Change of dysphagiawere used to assess the efficacy ofweekly dupilumab300mg

vs placebo.
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RESULTS: At week 24, dupilumab reduced EoE-SQ Frequency (least squares mean difference vs placebo [95%

confidence interval] part A21.7 [–2.9,20.5], part B21.4 [–2.3,20.5]; both P < 0.01) and EoE-SQ

Severity (part A22.0 [–3.9, 0.0], P < 0.05, part B 21.5 [–3.0, 0.1], P5 0.07) overall scores, and

improved scores across all individual items. Improvement in the dupilumab group was clinically

meaningful to patients. Dupilumab also meaningfully improved EoE Impact Questionnaire average

scores and improved individual item scores at week 24, particularly emotional and sleep disturbance.

More dupilumab-treated patients reported improvement in the Patient Global Impression of Change of

dysphagia vs placebo or reported having no symptoms per the Patient Global Impression of Severity of

dysphagia at week 24.

DISCUSSION: Dupilumab reduced the impact of EoE on multiple aspects of HRQoL, patients’ impression of

dysphagia, and frequency and severity of symptoms beyond dysphagia in adults/adolescents with EoE.
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INTRODUCTION
Eosinophilic esophagitis (EoE) is a chronic, type 2 inflammatory
disease of the esophagus with increasing incidence and preva-
lence (1,2). The dominant symptom in adults and adolescents
with EoE is dysphagia, with other common symptoms including
vomiting and abdominal pain (3). EoEhas a substantial impact on
health-related quality of life (HRQoL) (4–6), and patients with
EoE consider improving HRQoL as one of the most important
outcomes of therapy (7). Notably, EoE symptom severity is
strongly correlated with a negative impact on HRQoL (8–10).

Patient-reported outcomes (PRO) are important to comple-
ment primary end points in phase 3 studies of EoE, for example,
through assessing both histologic outcomes and a measure of
dysphagia, such as the Dysphagia Symptom Questionnaire
(DSQ) (11,12). However, PRO for EoE should also consider the
measurement of disease impact on daily patient well-being, as
well as the assessment of heterogeneous EoE-specific symptoms
beyond dysphagia. To date, many studies of patients with EoE
have measured HRQoL using instruments validated in other
diseases, such as the 36-Item Short Form, which poorly correlates
with EoE disease activity or improvement in symptoms (13,14).

We developed the EoE Impact Questionnaire (EoE-IQ),
which assesses disease-specific impactsmost relevant to patients
with EoE, and the EoE Symptom Questionnaire (EoE-SQ),
which measures the frequency and severity of important non-
dysphagia symptoms. These measures were used in the 3-part,
double-blind, placebo-controlled, phase 3 LIBERTY EoE
TREET study (NCT03633617) (11,15) that tested dupilumab, a
fully human monoclonal antibody blocking interleukin-4 and
interleukin-13 pathways, key drivers of type 2 inflammation
(16–18). Dupilumab 300 mg once weekly (qw) demonstrated
clinically meaningful and statistically significant improvements
in DSQ score at week 24, sustained through week 52 (11). Based
on the significant improvements in symptoms, histology, and
other outcomes in this study, dupilumab was approved in the
United States, Canada, the European Union, and the United
Arab Emirates for treatment of patients with EoE aged 12 years
or older and weighing $40 kg (19–21). This analysis further
assessed the impact of dupilumab treatment on HRQoL, pa-
tients’ impression of dysphagia, and symptoms beyond dys-
phagia in adults/adolescents with EoE.

METHODS

Study design and patients

This is an analysis of secondary and exploratory end points col-
lectedduringpartsAandBof theLIBERTYEoETREETstudy.The
study design has been previously described (11). In brief, patients
aged 12 years or older with a diagnosis of EoE (peak eosinophil
count, $15 eosinophils per high-power field), despite 8 weeks of
high-dose proton-pump inhibitors (PPIs) and a DSQ biweekly
total score of $10 were randomized 1:1 to receive subcutaneous
placebo or dupilumab300mgqw (partA), or 1:1:1 to subcutaneous
placebo, dupilumab 300 mg qw, or dupilumab 300 mg every 2
weeks (part B) for 24 weeks. Inclusion and exclusion criteria were
identical in parts A and B. The current analysis focuses on the
approved 300 mg qw dosage. Initiation or stopping of PPI treat-
ment was prohibited, but maintenance of existing treatment was
permitted. Background therapy with swallowed topical cortico-
steroids (STC)wasprohibited during the study orwithin 8weeks of
the study baseline (study drug randomization), although STCwere
permitted as rescue medications.

Outcomes and assessments

EoE-SQ. The EoE-SQ assesses 5 symptoms (chest pain, stomach
pain, heartburn, regurgitation, throwing up) during the past 7
days. Response options for symptom frequency questions are on a
5-point scale (1 5 “Never”, 2 5 “1 day”, 3 5 “2–6 days”, 4 5
“Once a day”, 5 5 “More than once a day”). The EoE-SQ Fre-
quency score is calculated as the sumof the frequency scores from
the 5 items (range: 5–25); higher scores indicate higher frequency.
Responses for questions on the severity of each symptom based
on the patients’ worst experience in the past 7 days are on a scale
of 0–10 (higher is worse). The EoE-SQ Severity score is calculated
as the sum of the severity scores from questions 1 to 3 (chest pain,
stomach pain, heartburn [range: 0–30], patient feedback in-
dicated difficulty assessing severity of regurgitation, and throwing
up); higher scores indicates more severe symptoms. The change
from baseline in total EoE-SQ Frequency and Severity scores was
calculated at weeks 12 and 24. The change from baseline in in-
dividual item scores was calculated at week 24. The EoE-SQ has
been validated with data from the LIBERTY EoE TREET study,
with a$3.7-point reduction in total Frequency score and a$5.3-
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point reduction in total Severity score considered clinically
meaningful. Development of the EoE-SQ is described in the
Supplementary Methods (Supplementary Digital Content 1,
http://links.lww.com/AJG/D323).

Further subgroup analyses of the EoE-SQ Frequency and
Severity scores were completed for patients symptomatic
at baseline (baseline Frequency score $2; Severity score $1
for each individual item). The change from baseline in in-
dividual item scores for this patient population was calculated
at week 24.
EoE-IQ. The EoE-IQ comprises 11 questions, assessing the im-
pact of EoE on emotional, social, work and school, and sleep
aspects during the past 7 days. Item responses are measured on a
5-point scale (15 “Not at all”, 25 “A little”, 35 “Somewhat”, 4
5 “Quite a bit”, 5 5 “Extremely”). The EoE-IQ average score
(range: 1–5) is the sum of the nonmissing responses divided by
the number of items with nonmissing response; higher scores
indicate a more negative impact on QoL. The EoE-IQ has been
validated with data from the LIBERTY EoE TREET study, with a
$0.6-point reduction in average score considered clinically
meaningful (22). Development of the EoE-IQ is described in the
Supplementary Methods (Supplementary Digital Content 1,
http://links.lww.com/AJG/D323).

The change from baseline in EoE-IQ average score was cal-
culated at weeks 12 and 24 for all patients in parts A and B.
Change from baseline for individual item scores was calculated at
week 24. Subgroup analyses of patients symptomatic at baseline
(baseline score $2 for average score or each individual item
score) were performed. For these subgroups, the change from
baseline in average score and individual item scores was calcu-
lated at week 24.
Patient Global Impression of Change of dysphagia. The Patient
Global Impression of Change (PGIC) is a 1-item questionnaire
that assesses change in the difficulty of swallowing food compared
with just before starting the studymedication. Assessment is on a
7-point scale (05 “Very much better”, 15 “Moderately better”,
25 “A little better”, 35 “No change”, 45 “A little worse”, 55
“Moderately worse”, 6 5 “Very much worse”).

The proportion of patients with responses indicating im-
provement (i.e., a score of 0, 1, or 2) on the PGIC of dysphagia was
calculated at weeks 12, 20, and 24 for parts A and B.
Patient Global Impression of Severity of dysphagia. The Patient
Global Impression of Severity (PGIS) is a 1-item questionnaire
that assesses the severity of difficulty swallowing food for the
previous 7 days. Assessment is on a 4-point scale (15 “None”, 2
5 “Mild”, 3 5 “Moderate”, 4 5 “Severe”). The proportion of
patients who responded “None”, “Mild”, “Moderate”, or “Severe”
to the PGIS of dysphagia was calculated at baseline, andweeks 12,
20, and 24 for parts A and B.
PRO validation. Psychometric analysis was performed to
evaluate the degree to which the scores of a PRO are associated
with other measures known to assess the same construct
(convergent validity) and the degree to which the scores of a
PRO are less or not associated with measures not designed to
measure the same construct (divergent validity). Pearson
correlation coefficients were calculated between the change
scores (from baseline to week 24) for the EoE-IQ, EoE-SQ,
PGIS, and PGIC and other measures to assess convergent and
divergent validity. Correlations of,0.3 were considered to be
weak or small,$0.3 to,0.7 to be moderate,$0.7 to,0.9 to be
strong, and $0.9 to be very strong (23,24).

Statistical analyses

Efficacy analyses were performed using the full analysis set, which
included all randomized patients, according to the treatment al-
located. For binary variables, P values were derived using the
Cochran-Mantel-Haenszel test stratified by age group ($12 to
,18 vs$18 years) and the use of PPI at randomization (yes vs no).
For continuous variables, P values were based on least squares (LS)
mean changes using an analysis of covariance model with baseline
measurement as covariate and the treatment, age group ($12 to
,18 vs$18 years), and PPI use at randomization (yes vs no) strata
as fixed factors. All calculated P-values are nominal.

For all end points, values after first rescue treatment used were
set to missing (censored). For the EoE-IQ and EoE-SQ, missing
values were imputed by multiple imputations. For the proportion
of EoE-SQ responders reporting “Never” having experienced
symptoms during the past 7 days, patients with missing scores at
week 24 were considered as being in the worst possible category
(i.e., not included in the “Never” category). For the PGIC andPGIS
of dysphagia, patients with missing scores at each visit or after
rescue treatment were considered nonresponders in the analysis.

RESULTS
Patients

In part A, 42 received dupilumab 300 mg qw and 39 placebo. In
part B, 80 patients received dupilumab 300 mg qw, 81 dupilumab
300 mg every 2 weeks, and 79 placebo. The demographic and
clinical characteristics of the patients at baselinewere similar across
all trial groups, as detailed previously (11). EoE-SQ Frequency and
Severity total scores and individual item scores, along with EoE-IQ
average and individual item scores, were similar between the
dupilumab 300 mg qw and placebo groups at baseline (see Sup-
plementary Figure 1, Supplementary Tables 1, 2, and 3, Supple-
mentary Digital Content 1, http://links.lww.com/AJG/D323).

Nondysphagia EoE symptoms (EoE-SQ)

Dupilumab 300 mg qw reduced the frequency of symptoms be-
yond dysphagia, as measured by EoE-SQ Frequency score vs pla-
cebo atweek 24 (LSmeandifference [95%confidence interval (CI)]
dupilumab vs placebo part A21.7 [–2.9,20.5], part B21.4 [–2.3,
20.5], P, 0.01 for both parts; Figure 1a). Reductions were seen as
early as week 12 (LS mean difference [95% CI] dupilumab vs pla-
cebo part A21.7 [–2.8,20.6], P, 0.01, part B20.9 [–1.9, 0.0], P
, 0.05; Figure 1a). The absolute change frombaseline toweek 24 in
EoE-SQ Frequency score exceeded the minimal clinically impor-
tant difference (MCID) of 3.7 points in part B and therefore rep-
resents a clinically meaningful improvement in patients treated
with dupilumab 300 mg qw (LS mean change [SE] part A 23.4
[0.45], part B 23.9 [0.35], respectively). Dupilumab improved
(decreased) all Frequency item scores (chest pain, stomach pain,
heartburn, regurgitation, throwing up) of the EoE-SQ vs placebo
(Figure 1b). This was the same when only symptomatic patients
(EoE-SQ Frequency baseline score $2) were analyzed (see Sup-
plementary Figure 2a, Supplementary Digital Content 1, http://
links.lww.com/AJG/D323). In addition, dupilumab increased the
proportion of all patients who reported “Never” having had
symptoms during the past 7 days, at week 24 (Figure 1c). Similar
results were seen with symptomatic patients, except with stomach
pain in part B (see Supplementary Figure 2b, Supplementary
Digital Content 1, http://links.lww.com/AJG/D323).

Dupilumab reduced the severity of symptoms beyond dys-
phagia, as measured by the EoE-SQ Severity score vs placebo at
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Figure 1. Change from baseline in overall EoE-SQ Frequency score at weeks 12 and 24 (a), individual frequency items of the EoE-SQ at week 24 (b), and
proportion of patients reporting never having symptoms assessed by the EoE-SQ at week 24 (c). Note: For proportion of patients reporting never having
symptoms, values after first rescue treatment used were set to missing (censoring). Patients with missing score at week 24 are considered as being in the
worst possible category (i.e., not included in the “Never” category). *Nominal P# 0.05, **nominal P# 0.01 dupilumab vs placebo. EoE-SQ, eosinophilic
esophagitis Symptom Questionnaire; LS, least squares; qw, once weekly.
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week 24 (LSmean difference [95%CI]22.0 [–3.9,20.0], P, 0.05,
part B21.5 [–3.0, 0.1], P5 0.07; Figure 2a) and as early as week 12
(LS mean difference [95% CI] part A22.8 [–5.1,20.4], P, 0.05,
part B 20.8 [–2.5, 0.8], P 5 0.33). The absolute change from
baseline toweek24 inEoE-SQSeverity score exceeded theMCIDof
5.3 points and therefore represents a clinically meaningful im-
provement in patients treated with dupilumab 300 mg qw in parts
A and B (LS mean change [SE] 25.8 [0.71], 25.4 [0.59], re-
spectively). At week 24, dupilumab reduced the severity of each
individual symptom vs placebo, in both analyses with all patients
and with only symptomatic patients (EoE-SQ Severity score$1 at
baseline) (see Figure 2b, Supplementary Figure 3a, Supplementary
Digital Content 1, http://links.lww.com/AJG/D323).

Impact of EoE (EoE-IQ)

The EoE-IQ scores of patients treated with dupilumab 300 mg
qw improved (decreased) vs placebo at week 24 (LS mean
difference [95%CI] dupilumab vs placebo part A20.37 [–0.64,

20.10], P , 0.01, part B 20.31 [–0.47, 20.15], P , 0.001;
Figure 3a). A clinically meaningful improvement, exceeding
the MCID of 0.6 points, in EoE-IQ score was observed in pa-
tients treated with dupilumab 300 mg qw at week 24 in parts
A and B (LS mean change [SE] 20.61 [0.10], 20.89 [0.06],
respectively). Improvements were seen as early as week 12
(LS mean difference [95% CI] part A 20.39 [–0.63, 20.15],
Part B 20.22 [–0.38, 20.06], P , 0.01 for both parts;
Figure 3a). Improvements to individual items of the EoE-IQ
were particularly seen in items relating to emotional status,
with patients feeling significantly less bothered, worried about
swallowing, worried about choking, and worried about swal-
lowing in public (Figure 3b). Patients who received dupilumab
also had significantly less sleep disruption than those who
received placebo.

In addition, the EoE-IQ scores of symptomatic patients
(baseline score$ 2) treated with dupilumab improved at week 24
(LS mean difference [95% CI] part A 20.64 [–0.97, 20.30],

Figure2.Change frombaseline in overall EoE-SQSeverity score at weeks 12 and24 (a) and individual severity items of the EoE-SQat week24 (b). *Nominal
P# 0.05, **nominal P# 0.01 dupilumab vs placebo. EoE-SQ, eosinophilic esophagitis Symptom Questionnaire; LS, least squares; qw, once weekly.
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P # 0.001, part B 20.35 [–0.57, 20.12], P # 0.01; see Supple-
mentary Figure 4a, SupplementaryDigital Content 1, http://links.
lww.com/AJG/D323). Similarly, individual improvements were
mostly present in emotional status items in both study parts (see
Supplementary Figure 4b, Supplementary Digital Content 1,
http://links.lww.com/AJG/D323).

PGIC of dysphagia

Dupilumab 300mg qw increased the proportion of patients with
any level of improvement per the PGIC of dysphagia vs placebo
at week 24 (81% vs 33%, P, 0.0001, and 81% vs 63%, P, 0.05,
in parts A and B, respectively; Figure 4a). Furthermore, the
proportion of patients who reported feeling “Very much better”
(the highest level of improvement) was significantly higher in
the dupilumab group vs placebo at week 24 (41% vs 8%, P ,
0.001, and 44% vs 18%, P, 0.001, in parts A and B, respectively;
Figure 4b).

PGIS of dysphagia

At baseline, similar proportions of patients reported no symptoms
(i.e., “None”) in response to the PGIS of dysphagia in the dupilu-
mab 300 mg qw and placebo groups (0% and 5%, P5 0.1175, and
1%and 0%,P5 0.3042, in parts A andB, respectively). Byweek 24,
dupilumab increased the proportion of patients reporting no
symptoms vs placebo (48% vs 21%,P, 0.05, and 36% vs 15%, P,
0.01, in parts A and B, respectively; Figure 5).

Convergent and divergent validity

Moderate-to-strong (r 5 0.3–0.7) positive correlations between
changes in score from baseline to week 24 (or score at week 24 for
PGIC)were observed between EoE-IQ, EoE-SQFrequency, EoE-SQ
Severity, PGIC, and PGIS and with the DSQ (see Supplementary
Table 4, Supplementary Digital Content 1 http://links.lww.com/
AJG/D323). Correlations between PRO and endoscopic (total en-
doscopic reference score) and histologic measures (peak eosinophils

Figure3.Change frombaseline in EoE-IQ average score at weeks 12 and24 (a), and individual item scores at week24 (b). *NominalP#0.05, **nominalP
#0.01, ***nominalP#0.001, ****nominalP#0.0001dupilumab vs placebo. EoE-IQ, eosinophilic esophagitis ImpactQuestionnaire; LS, least squares;
qw, once weekly.
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per high-power field) were typically weak to moderate (r, 0.4) as
expected due to the different constructs being measured.

DISCUSSION
Symptoms are a strong determinant for EoE-specific HRQoL
(25). In this study, dupilumab 300 mg qw demonstrated im-
provement in PRO measures of disease-specific QoL, and
symptom frequency and severity. Specifically, dupilumab re-
duced the frequency and severity of symptoms beyond dys-
phagia, as demonstrated by a clinically meaningful reduction in
EoE-SQ Frequency and Severity scores. Furthermore, patient
perception of dysphagia measured by PGIC and PGIS of dys-
phagia showed a greater proportion of patients treated with
dupilumab reporting an improvement in dysphagia and its se-
verity at week 24 compared with placebo.

The EoE-IQmeasure was used to assess psychosocial aspects
of disease that affect patients with EoE and the impact of
dupilumab treatment. Baseline measurements revealed that
patients in the LIBERTY EoE TREET trial were most impacted
by the emotional and social aspects of the disease, such as feeling
bothered, worried about swallowing or choking, and difficulty
taking part in social activities that involve eating. This is con-
sistent with results using the EoE-IQ to assess QoL in a real-
world study of patients with EoE (26). Dupilumab resulted in a
clinically meaningful reduction in EoE-IQ score and had the
greatest impact in the emotional and sleep disturbance domains.
Coupled with demonstrated efficacy in the LIBERTY EoE
TREET study (11), these findings show that dupilumab offers a
range of benefits beyond the observed improvement of dys-
phagia. While previous studies have demonstrated improve-
ments in general and EoE-specific HRQoL measures with STC

Figure 4.Proportion of patients reporting any improvement on the PGIC of dysphagia (i.e., score of 0, 1, or 2) at weeks 12, 20, and24 (a) and reporting each
level of improvement at week 24 (b). *Nominal P# 0.05, ***nominal P# 0.001, ****nominalP# 0.0001 dupilumab vs placebo. CI, confidence interval;
PGIC, Patient Global Impression of Change; qw, once weekly.
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(27–29), this is the first time an approved EoE treatment has
demonstrated improvements in QoL aspects most important to
patients. Improvements in QoL outcomes (EoE-IQ) and
symptoms (DSQ, EoE-SQ Frequency and Severity, PGIC, and
PGIS) were well correlated with each other but showed low
correlation with histologic or endoscopic outcomes. This find-
ing has been recognized in studies using other validated EoE-
specific measures of HRQoL, such as the Adult EoE QoL
Questionnaire, which correlated well with experience of dys-
phagia and food impaction, but not endoscopic or histologic
outcomes (30,31). As such, it is important to measure multiple
aspects of the disease to ensure a full picture of the patient’s
disease burden and to monitor the effectiveness of treatments
for QoL and symptoms. In this study, dupilumab also demon-
strated significant improvements in dysphagia (as measured by
theDSQ) (11), and clinicallymeaningful improvements in other
symptoms besides dysphagia (asmeasured by EoE-SQ) andQoL
(as measured by EoE-IQ). These results highlight the need for
physicians to consult with patients regarding their experience of
symptoms when making decisions about treatment options.

Interpretation of results is limited because the LIBERTY EoE
TREETstudywasnotpowered tomeasure the statistical significance
of changes in the global assessments of dysphagia or the total scores
or individual items of the EoE-SQ and EoE-IQ. As the EoE-SQ and
EoE-IQ instruments are newly validated and used in this clinical
trial for the first time, qualitative patient input on the meaningful
changes in these scoreswould complement the clinicallymeaningful
improvements derived through anchor-based analyses described in
this study. However, this is the first study to demonstrate im-
provements in important aspects of QoL with an approved treat-
ment for EoE, and it provides an in-depth assessment of the effect of
dupilumab treatment on HRQoL in these patients. Treatment with
dupilumab also resulted in improvements in symptoms beyond
dysphagia that have been identified as important by patients and
healthcare professionals. Symptom improvements following treat-
mentwith dupilumabhave beendemonstrated in a real-world study

of patients with refractory fibrostenotic EoE. However, the study
was unable to use any validated PROmeasures (32). There is a need
for further research to investigate the efficacy of dupilumab on
symptoms and QoL in a real-world setting using validated PRO,
such as the EoE-SQ and EoE-IQ.

A final limitation of this study is that the link between symptom
severity and impact on mental health burden was not investigated
in the patients enrolled in the LIBERTY EoE TREET study. This is
an important topic for future research as EoE clinical disease se-
verity has been associated with a high burden of mental distress,
including anxiety and/or depression symptoms, with young adults
(18–35 years), particularly vulnerable to anxiety (33).

Overall, dupilumab 300 mg qw improved HRQoL, most
clearly in the areas of emotional health and sleep disturbance.
Dupilumab also improved the patients’ impressions of dysphagia
symptoms and reduced the frequency and severity of important
EoE symptoms beyond dysphagia.
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Study Highlights

WHAT IS KNOWN

3 Improvement in health-related quality of life (HRQoL) is
viewed as one of the most important outcomes of therapy by
adult patients with eosinophilic esophagitis.

3 Dupilumab has demonstrated significant improvements in
symptoms, HRQoL, histology, and endoscopic features.

WHAT IS NEW HERE

3 Patients treated with dupilumab 300 mg once weekly had
improvements in frequency and severity of symptoms beyond
dysphagia.

3 Key aspects of HRQoL and patient impression of dysphagia
were also improved.

3 Improvements in patient-reported outcome measures of
HRQoL and symptoms were well correlated with each other.

3 Improvements in patient-reported outcome measures of
HRQoL and symptoms were poorly correlated with
improvement in histologic and endoscopic outcomes.
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