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Abstract
Background: Relapse after corticosteroid withdrawal in eosinophilic esophagitis is not well 
understood.
Objectives: Budesonide oral suspension (BOS) 2.0 mg twice daily (b.i.d.) was evaluated in two 
consecutive phase III studies (12 and 36 weeks, respectively). For clinicopathologic responders 
after 12 weeks of BOS treatment, we assessed randomized treatment withdrawal for up to 
36 weeks of therapy.
Design: Post hoc analysis of a phase III, double-blind, randomized withdrawal study.
Methods: Clinicopathologic responders (⩽6 eosinophils per high-power field (eos/hpf) and 
⩾30% reduction in Dysphagia Symptom Questionnaire (DSQ) score from baseline) after 
12 weeks of BOS were randomized to continue BOS 2.0 mg b.i.d. (BOS–BOS) or withdraw to 
placebo (PBO; BOS–PBO) for up to 36 weeks. Relapsers (⩾15 eos/hpf (⩾2 esophageal regions) 
and ⩾4 days of dysphagia (DSQ)) could reinitiate BOS 2.0 mg b.i.d. This post hoc analysis 
assessed a more clinically relevant relapse definition (⩾15 eos/hpf (⩾1 esophageal region) 
and ⩾4 days of dysphagia (DSQ)) for BOS–BOS versus BOS–PBO patients over 36 weeks. To 
account for BOS–PBO patients who reinitiated BOS before week 36, patients’ last observations 
before reinitiating BOS were carried forward (last observation carried forward (LOCF)) for 
histologic, symptom, and endoscopic efficacy endpoints (at weeks 12 and 36).
Results: Of 48 patients included (BOS–BOS, n = 25; BOS–PBO, n = 23), significantly more BOS–
PBO than BOS–BOS patients relapsed over 36 weeks using this post hoc relapse definition 
(60.9% vs 28.0%; p = 0.022). More BOS–BOS than BOS–PBO patients maintained histologic 
responses (all thresholds) and showed improvements in symptom and endoscopic efficacy 
endpoints.
Conclusion: More BOS–PBO than BOS–BOS patients relapsed, determined by a more clinically 
relevant post hoc relapse definition. Using LOCF, more BOS–BOS than BOS–PBO patients also 
maintained or had improvements in efficacy endpoints.
Trial registration: ClinicalTrials.gov identifiers (https://clinicaltrials.gov/): NCT02605837, 
NCT02736409.
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Introduction
Eosinophilic esophagitis (EoE) is a chronic, inflam-
matory condition that affects the mucosal lining of 
the esophagus, which can result in difficulty swal-
lowing (dysphagia).1 This disorder is characterized 
by esophageal symptoms and ⩾15 eosinophils per 
high-power field (eos/hpf) on esophageal biopsy.1 
Existing treatment guidelines for the manage-
ment of EoE provide conditional recommenda-
tions for the off-label use of proton-pump 
inhibitors and dietary elimination and a strong 
recommendation for the use of topical (swal-
lowed/inhaled) corticosteroids.2–4

Budesonide oral suspension (BOS) 2.0 mg twice 
daily (b.i.d.) is a swallowed corticosteroid that is 
approved by the US Food and Drug 
Administration for 12-week use in pediatric and 
adult patients aged 11 years and older with EoE; 

BOS is not approved for treatment beyond 
12 weeks, and additional data on long-term effi-
cacy and safety are needed.4–9

The efficacy and safety of BOS in patients with 
EoE were initially assessed in two phase II stud-
ies5,6 and further evaluated in two consecutive 
phase III studies. The phase III studies were as 
follows: SHP621-301 (ClinicalTrials.gov identi-
fier: NCT02605837), a 12-week, double-blind, 
randomized, placebo-controlled study of BOS 
2.0 mg b.i.d. in patients with EoE and dysphagia,8 
and SHP621-302 (ClinicalTrials.gov identifier: 
NCT02736409), a 36-week, double-blind, rand-
omized withdrawal study of BOS 2.0 mg b.i.d. in 
patients who completed SHP621-301.4 During 
these studies, most adverse events were mild or 
moderate in severity, and no new safety concerns 
were identified.4,8
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Patients who achieved a clinicopathologic 
response after 12 weeks of therapy with BOS 
2.0 mg b.i.d. during SHP621-301 were rand-
omized to continue BOS 2.0 mg b.i.d. (BOS–
BOS) or withdraw to placebo (PBO; BOS–PBO) 
during SHP621-302.4 Patients who did not 
achieve a clinicopathologic response continued to 
receive BOS 2.0 mg b.i.d. during SHP621-302, 
and patients who received placebo during 
SHP621-301 initiated BOS 2.0 mg b.i.d. during 
SHP621-302.4 This study also assessed mainte-
nance therapy with BOS 2.0 mg b.i.d., as EoE is a 
chronic condition that typically requires long-
term therapy to manage the disease.10 Although 
some studies have examined the effect of cessa-
tion of swallowed corticosteroids on relapse, there 
is a paucity of data on long-term therapy through 
randomized, placebo-controlled trials using 
robust methodology.4

During the randomized withdrawal study, a 
highly stringent definition of clinicopathologic 
relapse was evaluated: ⩾15 eos/hpf in ⩾2 esopha-
geal regions (proximal, middle, and/or distal) and 
⩾4 days of dysphagia (measured by the Dysphagia 
Symptom Questionnaire (DSQ)11) in the 2-week 
period before a study visit.4 Patients who relapsed 
during the randomized withdrawal study were eli-
gible to reinitiate BOS 2.0 mg b.i.d. at the next 
study visit in a blinded manner.4 However, this 
prespecified definition of relapse does not align 
with the current diagnostic criteria for EoE 
(⩾15 eos/hpf in ⩾1 biopsy).1 In addition, second-
ary efficacy endpoints were measured regardless 
of any intervening events or medication changes, 
such as reinitiating BOS, which could have 
resulted in an underestimation of the true impact 
of treatment withdrawal.

The impact of randomized treatment withdrawal 
following a response to swallowed corticosteroids 
in patients with EoE has not been extensively 
examined. This post hoc analysis therefore aimed 
to assess the impact of randomized withdrawal of 
BOS 2.0 mg b.i.d. over 36 weeks in patients with 
EoE using a more clinically relevant relapse defi-
nition (⩾15 eos/hpf in ⩾1 esophageal region and 
⩾4 days of dysphagia (measured by the DSQ) in 
the 2-week period before a study visit), as well as 
a last observation carried forward (LOCF) impu-
tation, to better reflect patients’ treatment assign-
ment and to account for any intervening events/
medication changes during the study.

Methods

Study design and patients
Patients 11–55 years old with EoE who achieved a 
clinicopathologic response (⩽6 eos/hpf and 
⩾30% reduction in DSQ score from baseline) 
after 12 weeks of therapy with BOS 2.0 mg b.i.d. 
during SHP621-301 were randomized (1:1) to 
continue BOS 2.0 mg b.i.d. (BOS–BOS) or with-
draw to placebo (BOS–PBO) for up to a further 
36 weeks during the randomized withdrawal 
study.4,8 No additional external recruitment was 
undertaken for the randomized withdrawal 
study.4 Inclusion and exclusion criteria for both 
studies are reported elsewhere.4,8

Patients underwent a screening esophagogas-
troduodenoscopy (EGD) up to 4 weeks before the 
randomized withdrawal study, as well as at weeks 
12 and 36 of therapy (Figure 1).4 The prespeci-
fied analysis included all randomized patients 
who received at least one dose of the study drug 
during the randomized withdrawal study.4 BOS–
PBO patients who relapsed during the 36 weeks 
of therapy of the randomized withdrawal study 
were eligible to reinitiate BOS 2.0 mg b.i.d. at the 
subsequent study visit (Figure 1).

This article has been prepared in accordance with 
the Consolidated Standards of Reporting Trials 
(CONSORT) guidelines.12

Analysis of relapse upon randomized treatment 
withdrawal
A stringent prespecified relapse definition was 
used during the randomized withdrawal study.4 
In this post hoc analysis, an alternative definition 
of relapse (⩾15 eos/hpf in ⩾1 esophageal region 
and ⩾4 days of dysphagia (measured by the DSQ) 
in the 2-week period before a study visit) was 
evaluated for BOS–BOS patients compared with 
BOS–PBO patients. This post hoc alternative 
relapse definition aligns with the current histo-
logic diagnostic threshold for EoE2 of ⩾15 eos/hpf 
and may therefore represent a more clinically 
relevant measure of relapse compared with the 
highly stringent definition. For example, a 
patient who reported symptoms of dysphagia 
and had ⩾15 eos/hpf in only one esophageal 
region upon biopsy would not have been consid-
ered to have relapsed using the prespecified 
relapse definition during the randomized 

https://journals.sagepub.com/home/tag


Volume 17

4	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

Figure 1.  Study design and treatment allocation.
Source: Adapted from Dellon et al.4 © 2021 AGA Institute. Distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/).
aOnly patients who completed the SHP621-301 study8 were eligible for inclusion in the randomized withdrawal study. Nonresponders (n = 106) during 
the SHP621-301 study and patients receiving placebo (n = 105) were not included in this post hoc analysis.
bBOS–PBO clinicopathologic responders (defined as ⩽6 eos/hpf and ⩾30% reduction in DSQ score from baseline after an initial 12 weeks of therapy 
(during SHP621-301)) who relapsed could reinitiate BOS 2.0 mg b.i.d. (blinded) at the subsequent visit.
c⩾30% Reduction in DSQ score (measured from the baseline of SHP621-301).
d⩾30% Reduction in DSQ score (measured from the baseline of SHP621-302).
e⩽6 eos/hpf (all available esophageal regions) and ⩾30% reduction in DSQ score (measured from the baseline of SHP621-301).
fChange in least-squares mean of change in DSQ scores from the baseline of SHP621-302.
g⩽1, ⩽6, and <15 eos/hpf (all esophageal regions); stars denote when an EGD was performed.
b.i.d., twice daily; BOS, budesonide oral suspension; DSQ, Dysphagia Symptom Questionnaire; EGD, esophagogastroduodenoscopy; eos/hpf, 
eosinophils per high-power field; EREFS, Eosinophilic Esophagitis Endoscopic Reference Score; PBO, placebo.

withdrawal study; however, were this patient to 
be assessed in real-world clinical practice, they 
would have been characterized as having 
relapsed.2 To compare treatment differences in 
the proportions of relapsers, p values based on the 
one-sided Fisher’s exact test were calculated.

To provide a detailed overview of when relapse 
occurred before reinitiation of BOS, a Kaplan–
Meier plot was used to examine time to relapse 

using the alternative post hoc relapse definition 
and time to first dysphagia symptom relapse 
(⩾4 days of dysphagia (DSQ) in the 2-week 
period before a study visit) for BOS–BOS patients 
compared with BOS–PBO patients over 36 weeks 
of therapy. Hazard ratios and associated two-
sided 95% confidence intervals were derived from 
a Cox proportional hazards model. p Values com-
paring the treatment groups were calculated using 
a two-sided log-rank test.
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Post hoc analysis of efficacy endpoints using 
LOCF
A LOCF imputation was applied post hoc. This 
approach accounted for data captured after reini-
tiating BOS. In the original evaluation of mainte-
nance of response during the randomized 
withdrawal period, all efficacy endpoints were 
included, irrespective of treatment switching. 
Efficacy endpoints were based on the original 
treatment assignment for all patients in the full 
analysis set (e.g. for a BOS–PBO patient who 
relapsed and reinitiated BOS 2.0 mg b.i.d., effi-
cacy data after reinitiating BOS were initially 
evaluated as placebo treatment; instead, during 
this post hoc analysis, the last observations for 
BOS–PBO patients while still receiving placebo 
were carried forward to weeks 12 and 36, as 
required, to ensure that efficacy data were not 
reported for placebo-treated patients while they 
were receiving BOS). This LOCF imputation 
therefore addressed the seven BOS–PBO patients 
who relapsed according to the prespecified relapse 
definition4 and reinitiated BOS 2.0 mg b.i.d. 
before week 36 of therapy. The LOCF imputa-
tion also addressed the four BOS–PBO patients 
who, despite not having relapsed, inadvertently 
received BOS 2.0 mg b.i.d. before week 36 of 
therapy.4 This ensured that the data reflected the 
true treatment status, rather than considering 
patients as receiving placebo when they had reini-
tiated BOS, the latter of which may have biased 
the results toward a positive placebo outcome.

Efficacy endpoints included in this LOCF impu-
tation were as follows: histologic response (thresh-
olds of ⩽1, ⩽6, and <15 eos/hpf (across all 
esophageal regions)) at weeks 12 and 36 of ther-
apy; maintenance of symptom response (⩾30% 
reduction in DSQ score (measured from the 
baseline of SHP621-301)) at weeks 12 and 36 of 
therapy; an additional symptom response (⩾30% 
reduction in DSQ score (measured from the 
baseline of SHP621-302)) at weeks 12 and 36 of 
therapy; maintenance of clinicopathologic 
response (⩽6 eos/hpf (all available esophageal 
regions) and ⩾30% reduction in DSQ score 
(measured from the baseline of SHP621-301)) at 
weeks 12 and 36 of therapy; and least-squares 
(LS) mean of change in DSQ scores, EoE 
Endoscopic Reference Scores (EREFS),13 and 
EoE Histology Scoring System (EoEHSS) grade 
and stage total score ratios (TSRs)14 from the 
baseline of SHP621-302 to weeks 12 and 36 of 
therapy (Figure 1).

For the analysis of binary endpoints using the 
LOCF imputation, nominal p values were based 
on a one-sided Fisher’s exact test. To calculate 
one-sided p values for the change from baseline in 
DSQ scores, total EREFS, and EoEHSS TSRs, 
an analysis of covariance model with treatment, 
age group, and dietary restriction (EoEHSS TSRs 
only) as factors, and with baseline scores as con-
tinuous covariates, was performed.

Results

Baseline demographics and clinical 
characteristics
Overall, 48 patients (BOS–BOS, n = 25; BOS–
PBO, n = 23) who underwent randomized with-
drawal were included in this post hoc analysis 
(Figure 2).4 Baseline demographics and clinical 
characteristics were generally similar for patients 
from the BOS–BOS and BOS–PBO groups 
(Table 1).4

Analysis of relapse upon randomized treatment 
withdrawal
Over 36 weeks of therapy, a significantly greater 
proportion of BOS–PBO patients than BOS–BOS 
patients experienced relapse using the alternative 
post hoc definition of ⩾15 eos/hpf in ⩾1 esopha-
geal region and ⩾4 days of dysphagia (DSQ) in 
the 2-week period before a study visit (60.9% 
(14/23) vs 28.0% (7/25); p = 0.022; Figure 3). 
The prespecified relapse definition (⩾15 eos/hpf 
(⩾2 esophageal regions) and ⩾4 days of dyspha-
gia (DSQ) in the 2-week period before a study 
visit) measured a numerical difference between 
BOS–PBO patients and BOS–BOS patients 
(43.5% (10/23) vs 24.0% (6/25); p = 0.131).4 The 
Kaplan–Meier plot of time to relapse, according 
to the alternative post hoc definition, demon-
strated that relapse occurred significantly earlier 
in BOS–PBO patients than BOS–BOS patients 
(p < 0.01; Figure 4(a)). The median time to 
relapse for the BOS–PBO group (n = 13/23) was 
28.14 weeks. As too few patients relapsed in the 
BOS–BOS group (n = 5/25) over 36 weeks of ther-
apy, the median time to relapse could not be cal-
culated for these patients. The Kaplan–Meier 
plot of time to first dysphagia symptom relapse 
demonstrated that a similar proportion of BOS–
BOS and BOS–PBO patients experienced dys-
phagia symptom relapse over 36 weeks of therapy 
(Figure 4(b)). The median time to first dysphagia 
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Table 1.  Baseline demographics and clinical characteristics of patients with EoE who received BOS 2.0 mg 
b.i.d. (BOS–BOS) or withdrew to placebo (BOS–PBO) during the randomized withdrawal study and were 
included in the post hoc analysis.

Demographics and clinical characteristics BOS–BOS (n = 25) BOS–PBO (n = 23)

Age, years, mean (SD) 36.8 (14.1) 36.1 (11.7)

Sex, n (%)

  Male 14 (56.0) 16 (69.6)

  Female 11 (44.0) 7 (30.4)

Race, n (%)

  White 24 (96.0) 22 (95.7)

  Black or African American 1 (4.0) 0 (0.0)

  Other 0 (0.0) 1 (4.3)

Prior therapy or procedure for EoE, n (%)

  Dietary therapy 8 (32.0) 8 (34.8)

  Systemic (oral) corticosteroids 1 (4.0) 2 (8.7)

(Continued)

Figure 2.  CONSORT flow diagram.
aSeven patients relapsed and reinitiated BOS.
BOS, budesonide oral suspension; CONSORT, Consolidated Standards of Reporting Trials; PBO, placebo.

https://journals.sagepub.com/home/tag
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Demographics and clinical characteristics BOS–BOS (n = 25) BOS–PBO (n = 23)

  Fluticasone aerosol 7 (28.0) 6 (26.1)

  Esophageal dilation 9 (36.0) 7 (30.4)

Concomitant medications, n (%)

  Corticosteroids (inhaled/nasal) 6 (24.0) 3 (13.0)

  PPIs 22 (88.0) 20 (87.0)

DSQ score, mean (SD)

  SHP621-301 baseline 29.0 (12.0) 23.0 (14.5)

  SHP621-302 baseline 9.7 (10.7) 8.3 (10.0)

Peak eosinophil count, eos/hpf, mean (SD)

  SHP621-301 baseline

    Overall 67.6 (42.0) 86.0 (46.6)

    Proximal 25.9 (25.0) 37.7 (36.3)

    Middle 57.7 (43.5) 54.9 (33.4)

    Distal 51.8 (30.8) 69.4 (54.5)

  SHP621-302 baseline

    Overall 1.3 (1.8) 1.7 (1.8)

    Proximal 0.3 (1.2) 0.2 (0.5)

    Middle 0.6 (1.1) 0.5 (0.9)

    Distal 1.1 (1.6) 1.7 (1.9)

Total EREFS, mean (SD)

  SHP621-301 baseline 7.4 (3.0) 5.8 (2.5)

  SHP621-302 baseline 2.9 (2.8) 2.7 (3.1)

EoEHSS grade TSR, mean (SD)

  SHP621-301 baseline 0.3 (0.1) 0.3 (0.1)

  SHP621-302 baseline 0.0 (0.0) 0.0 (0.1)

EoEHSS stage TSR, mean (SD)

  SHP621-301 baseline 0.3 (0.1) 0.3 (0.1)

  SHP621-302 baseline 0.0 (0.0) 0.0 (0.1)

Data are reported for the baseline of SHP621-302 unless otherwise stated.
b.i.d., twice daily; BOS, budesonide oral suspension; DSQ, Dysphagia Symptom Questionnaire; EoE, eosinophilic 
esophagitis; EoEHSS, EoE Histology Scoring System; eos/hpf, eosinophils per high-power field; EREFS, EoE Endoscopic 
Reference Score; PBO, placebo; PPI, proton-pump inhibitor; SD, standard deviation; TSR, total score ratio.

Table 1.  (Continued)

https://journals.sagepub.com/home/tag


Volume 17

8	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

28.0

60.9

100

80

60

40

20

0

p = 0.022
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Figure 3.  Proportion of patients who received BOS 
2.0 mg b.i.d. (BOS–BOS) or withdrew to placebo 
(BOS–PBO) and experienced relapse at or before 
week 36 of therapy using an alternative post hoc 
relapse definition.
Reprinted from Dellon ES et al., Effect of randomized 
withdrawal of budesonide oral suspension on efficacy 
in patients with Eosinophilic Esophagitis: post hoc 
analysis of histologic, symptom and endoscopic 
outcomes, 162, S-238, Copyright (2022) AGA Institute, 
with permission from Elsevier.
Relapse was defined as ⩾15 eos/hpf in ⩾1 esophageal 
region and ⩾4 days of dysphagia (measured by the DSQ) 
in the 2-week period before a study visit. Patients who did 
not have a relapse status were excluded from this analysis. 
Patients were considered not to have a relapse status if 
they did not have data from an EGD at week 36 and did 
not meet the histology relapse criteria before visit 8 but 
met the symptom relapse criteria at visit 8. If ⩾4 days of 
dysphagia were reported and ⩾8 diary entries of the DSQ 
were recorded in the 2-week period before a study visit, the 
patient was considered to meet symptom relapse criteria.
b.i.d., twice daily; BOS, budesonide oral suspension; 
CI, confidence interval; DSQ, Dysphagia Symptom 
Questionnaire; EGD, esophagogastroduodenoscopy; eos/hpf, 
eosinophils per high-power field; PBO, placebo.

symptom relapse was also similar in the BOS–
PBO group (8.43 weeks) and the BOS–BOS 
group (12.14 weeks; p = 0.6209).

Post hoc analysis of efficacy endpoints at  
weeks 12 and 36 of therapy using LOCF
At week 12 of therapy, significantly more BOS–
BOS than BOS–PBO patients achieved histologic 
responses using LOCF, across all thresholds 
(Table 2); these findings were similar to those at 
week 36 where significantly more BOS–BOS than 
BOS–PBO patients achieved histologic responses 
using LOCF (⩽1 eos/hpf: 44.0% vs 8.7%, 
p = 0.007; ⩽6 eos/hpf: 52.0% vs 17.4%, p = 0.013; 
<15 eos/hpf: 60.0% vs 21.7%, p = 0.008; Table 2). 
In addition, significantly more BOS–BOS than 

BOS–PBO patients achieved an additional symp-
tom response at week 12 of therapy (Table 2).  
A numerically greater proportion of BOS–BOS 
than BOS–PBO patients maintained a symptom 
response (84.0% vs 65.2%, p = 0.121) and achieved 
an additional symptom response (40.0% vs 30.4%, 
p = 0.349) using LOCF at week 36 of therapy 
(Table 2). Lastly, significantly more BOS–BOS 
than BOS–PBO patients maintained a clinico-
pathologic response using LOCF at weeks 12 and 
36 of therapy (week 12, 64.0% vs 4.3%, p < 0.001; 
week 36, 48.0% vs 13.0%, p = 0.010; Table 2).

The improvement from the SHP621-302 base-
line to weeks 12 and 36 of therapy in DSQ scores 
was numerically greater for BOS–BOS than 
BOS–PBO patients using LOCF (LS mean 
(standard error of the mean (SEM)) of change: 
week 12, −0.7 (2.19) vs +1.6 (2.33), p = 0.398; 
week 36, −3.8 (1.94) vs −2.0 (1.98), p = 0.428; 
Figure 5(a) and (e)). However, neither finding 
was statistically significant. The improvement 
from the SHP621-302 baseline to week 36 of 
therapy in total EREFS was numerically greater 
for BOS–BOS patients than BOS–PBO patients 
in the LOCF analysis (LS mean (SEM) of change: 
−0.2 (0.78) vs +0.9 (0.80), p = 0.114; Figure 
5(f)). However, the improvement from the 
SHP621-302 baseline to week 12 of therapy in 
total EREFS was significantly greater for  
BOS–BOS patients than BOS–PBO patients (LS 
mean (SEM) of change: −0.6 (0.63) vs +1.3 
(0.68), p = 0.009; Figure 5(b)). The LS mean 
(SEM) of change from the SHP621-302 baseline 
to weeks 12 and 36 of therapy in EoEHSS grade 
and stage TSRs was significantly smaller for 
BOS–BOS than BOS–PBO patients using LOCF 
(week 12: grade 0.08 (0.06) vs 0.26 (0.07), 
p < 0.001; stage 0.09 (0.06) vs 0.25 (0.07), 
p < 0.001; week 36: grade 0.06 (0.07) vs 0.19 
(0.08), p = 0.009; stage 0.07 (0.07) vs 0.19 (0.07), 
p = 0.009; Figure 5(c), (d), (g), and (h)).

Further details of the prespecified analysis of effi-
cacy endpoints at weeks 12 and 36 of therapy are 
presented in the Supplemental Material (Table 
S1 and Figure S1).

Discussion
This post hoc analysis assessed the impact of the 
randomized withdrawal of BOS 2.0 mg b.i.d. on 
histologic, symptom, and endoscopic efficacy 
endpoints over 36 weeks in patients with EoE4 
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(a)

(b)

Figure 4.  Time to relapse (a) and time to first dysphagia symptom relapse (b) for patients who received BOS 
2.0 mg b.i.d. (BOS–BOS) or withdrew to placebo (BOS–PBO) over 36 weeks of therapy using an alternative post 
hoc relapse definition.
Relapse was defined as ⩾15 eos/hpf from ⩾1 esophageal region and ⩾4 days of dysphagia (measured by the DSQ) in the 
2-week period before a study visit. Dysphagia symptom relapse was defined as ⩾4 days of dysphagia (measured by the DSQ) 
in the 2-week period before a study visit. Patients who had missing data on relapse status were censored.
b.i.d., twice daily; BOS, budesonide oral suspension; DSQ, Dysphagia Symptom Questionnaire; eos/hpf, eosinophils per high-
power field; PBO, placebo.

using an alternative post hoc relapse definition 
and LOCF imputation. Using this alternative def-
inition, which better aligns with current diagnos-
tic criteria and clinical practice for EoE,4 
significantly more BOS–PBO than BOS–BOS 

patients relapsed. The LOCF imputation sub-
stantially improved upon the histologic, symp-
tom, and endoscopic efficacy endpoints compared 
with the prespecified analysis at weeks 12 and 36, 
by accounting for any intervening events or 
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Table 2.  Efficacy endpoints for patients who received BOS 2.0 mg b.i.d. (BOS–BOS) or withdrew to placebo (BOS–PBO) using LOCF in 
the post hoc analysis.

Efficacy endpoints Week 12 (LOCF imputation) Week 36 (LOCF imputation)

  BOS–BOS 
(n = 25)

BOS–PBO 
(n = 23)

p Value BOS–BOS 
(n = 25)

BOS–PBO 
(n = 23)

p Value

Histologic response, eos/hpf

  ⩽1 15 (60.0) 0 (0.0) <0.001 11 (44.0) 2 (8.7) 0.007

  ⩽6 19 (76.0) 1 (4.3) <0.001 13 (52.0) 4 (17.4) 0.013

  <15 19 (76.0) 3 (13.0) <0.001 15 (60.0) 5 (21.7) 0.008

Maintenance of symptom response

 � ⩾30% reduction in DSQ score 
from the SHP621-301 baseline

21 (84.0) 16 (69.6) 0.199 21 (84.0) 15 (65.2) 0.121

Additional symptom response

 � ⩾30% reduction in DSQ score 
from the SHP621-302 baseline

11 (44.0) 2 (8.7) 0.007 10 (40.0) 7 (30.4) 0.349

Maintenance of clinicopathologic response

 � ⩽6 eos/hpf (all available 
esophageal regions) and ⩾30% 
reduction in DSQ score from the 
SHP621-301 baseline

16 (64.0) 1 (4.3) <0.001 12 (48.0) 3 (13.0) 0.010

Data are reported as n (%). Histologic response thresholds were achieved across all esophageal regions. Patients who had missing data were 
classified as nonresponders for this analysis. Statistically significant values are in bold (p < 0.05).
b.i.d., twice daily; BOS, budesonide oral suspension; DSQ, Dysphagia Symptom Questionnaire; eos/hpf, eosinophils per high-power field; LOCF, last 
observation carried forward; PBO, placebo.

medication changes during the study, thus more 
accurately assessing the impact of treatment 
withdrawal.

Although the prespecified definition of relapse 
was selected to align with the inclusion criteria of 
SHP621-301 and diagnostic guidelines for EoE 
at the time of study design,15,16 these manage-
ment guidelines have since been updated.2,17 
Therefore, it is more clinically relevant for histo-
logic relapse to be assessed as ⩾15 eos/hpf in ⩾1, 
rather than ⩾2, esophageal regions. An additional 
five patients (BOS–PBO, n = 4; BOS–BOS, n = 1) 
were classified as relapsers using the alternative 
post hoc relapse definition versus the prespecified 
relapse definition, which had a meaningful 
impact, owing to the small randomized with-
drawal population.4 Relapse also occurred signifi-
cantly earlier in BOS–PBO than BOS–BOS 
patients; for BOS–BOS patients, the median time 

to relapse was not calculable, due to the infre-
quency at which relapse was reported in this 
group. Of note, neither relapse in BOS–PBO 
patients nor maintenance of response in BOS–
BOS patients was consistently observed over 
36 weeks. The proportions of patients who expe-
rienced dysphagia symptom relapse at each time 
point examined were similar for BOS–PBO and 
BOS–BOS patients over 36 weeks; the median 
time to first dysphagia symptom relapse was also 
similar between BOS–PBO and BOS–BOS 
groups (8.43 and 12.14 weeks; p = 0.6209, respec-
tively). These data demonstrate that dysphagia 
symptom improvements following an initial 
12 weeks of therapy with BOS 2.0 mg b.i.d. 
(SHP621-301) can be maintained, even after 
treatment is stopped in some patients. Although 
data on the randomized withdrawal of swallowed 
corticosteroids in EoE are limited, our post hoc 
alternative definition of histologic relapse has 
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(a) (e)

(b) (f)

(c) (g)

(d) (h)

Figure 5.  LS mean (SEM) of change in DSQ scores, EREFS, and EoEHSS grade and stage TSRs from the baseline of the randomized 
withdrawal study (SHP631-302) to weeks 12 (a–d) and 36 (e–h) of therapy for patients who received BOS 2.0 mg b.i.d. (BOS–BOS) or 
withdrew to placebo (BOS–PBO) using LOCF in a post hoc analysis.
b.i.d., twice daily; BOS, budesonide oral suspension; DSQ, Dysphagia Symptom Questionnaire; EoEHSS, Eosinophilic Esophagitis Histology Scoring 
System; EREFS, Eosinophilic Esophagitis Endoscopic Reference Score; LOCF, last observation carried forward; LS, least-squares; PBO, placebo; 
SEM, standard error of the mean; TSR, total score ratio.
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been used in other studies.18–20 A randomized 
withdrawal study of budesonide orodispersible 
tablet (BOT; 0.5 mg or 1.0 mg b.i.d.) over 
48 weeks of therapy assessed a combined symp-
tom (dysphagia score of ⩾4 using a 0–10 point 
numerical rating scale) and histologic (⩾15 eos/hpf 
(⩾1 esophageal region)) definition of relapse.18 In 
that study, significantly more patients who with-
drew from treatment relapsed compared with 
those who continued to receive treatment (60.3% 
for placebo, 10.3% for BOT 0.5 mg b.i.d., and 
7.4% for BOT 1.0 mg b.i.d.); relapse also 
occurred significantly earlier in patients who 
withdrew to placebo than in those who continued 
to receive BOT at either dose.18 In a retrospective 
study that evaluated the efficacy of swallowed 
topical corticosteroids (budesonide and flutica-
sone; low dose: ⩽0.5 mg every day (q.d.); high 
dose: >0.5 mg q.d.), in patients with EoE over a 
median of 2.2 years, histologic relapse (⩾15 eos/hpf) 
occurred in 67.1% (55/82) of patients.20 Relapse, 
based on reported symptoms or the DSQ, has 
been investigated following discontinuation of 
oral viscous budesonide (1.0 mg b.i.d.) or flutica-
sone (880 µg b.i.d.; swallowed from a multidose 
inhaler) in patients with EoE.19 Symptom recur-
rence was reported in 56.9% (33/58) of patients 
in the year following discontinuation,19 compared 
with 34.8% (8/23) of BOS–PBO patients who did 
not maintain a symptom response over 36 weeks 
during our study.

As mentioned above, the LOCF imputation pro-
vided improved results for histologic, symptom, 
and endoscopic efficacy endpoints for BOS–BOS 
patients at week 36 of therapy compared with the 
prespecified analysis, the latter of which was con-
founded by patients who were considered to be 
placebo-treated, but who had reinitiated BOS 
2.0 mg b.i.d., either following relapse or inadvert-
ently as part of the subsequent study (SHP621-
303).4,21 By accounting for this, we more accurately 
determined clinical outcomes following the rand-
omized withdrawal of BOS 2.0 mg b.i.d.

A National Research Council panel report recom-
mends minimizing the extent of missing data 
when making conclusions from clinical studies,22 
and an LOCF imputation can be used to account 
for these missing data.23–27 This approach has 
been used in EoE, including for BOT (1.0 mg 
b.i.d.)23,24 and the monoclonal antibody 
dupilumab (300 mg once weekly).25 This 
approach has also been applied to clinical studies 

of budesonide (200 µg b.i.d.)26 and dupilumab 
(300 mg once fortnightly)27 for mild or moderate 
asthma and corticosteroid-dependent severe 
asthma, respectively.

Overall, 13.0% of BOS–PBO patients and 48.0% 
of BOS–BOS patients maintained a clinicopatho-
logic response after up to 36 weeks of therapy, 
using LOCF (p = 0.010), suggesting that contin-
ued disease remission may not be guaranteed. 
These findings may also reinforce the need to 
assess the response to treatment using combined 
clinicopathologic assessment, rather than just 
monitoring histology or symptoms alone.9,10,17,18 In 
a study of oral viscous budesonide (1.0 mg b.i.d.) 
and fluticasone (880 µg b.i.d.; swallowed from a 
multidose inhaler), 22% of patients maintained his-
tologic remission for up to 1 year after treatment 
withdrawal (<15 eos/hpf), compared with 21.7% 
of BOS–PBO patients at week 36 in our analysis.17 
During our study, over half of the BOS–PBO 
patients maintained symptom responses, despite 
discontinuing BOS 2.0 mg b.i.d., which is also con-
sistent with previous data on randomized with-
drawal of swallowed corticosteroids in EoE.17

The limitations of this study include the small pop-
ulation size during the randomized withdrawal 
period,4 which can be attributed to the study 
design and stringent inclusion criteria, which may 
have disproportionately enrolled patients with 
more severe baseline disease.4,8 In addition, only 
patients who achieved a clinicopathologic response 
(⩽6 eos/hpf and ⩾30% reduction in DSQ score 
from baseline) during SHP621-301 were eligible 
for the randomized withdrawal study.4 Further
more, EGDs with biopsies were only carried out at 
weeks 12 and 36 of therapy, unless patients 
reported symptoms that led to an unscheduled 
EGD; therefore, the time to histologic relapse 
could not be adequately evaluated. The LOCF 
imputation assumes that patients’ responses would 
remain constant throughout the study, which may 
have introduced either a positive or negative bias.22 
The study design may have masked the true week 
at which relapse occurred in some patients because 
an EGD was only performed at weeks 12 and 36 of 
therapy unless a patient reported symptoms before 
these time points.4

The strengths of our study include that we used a 
rigorous study design4 with validated efficacy out-
come measures (the DSQ, total EREFS, and 
EoEHSS grade and stage TSRs), which are 
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recommended as core outcomes in EoE.11,13,14,28 
The double-blinded nature of the study enabled 
the objective use of a validated patient-reported 
outcome measure (the DSQ). The randomized 
withdrawal study was the first to evaluate the 
long-term efficacy and safety of BOS, a swallowed 
corticosteroid specifically developed for EoE.4 
The analysis described here used a more clinically 
relevant alternative post hoc relapse definition 
than the prespecified relapse definition. Using 
LOCF provided a more accurate assessment of 
the efficacy endpoints examined during the rand-
omized withdrawal study,4 by accounting for 
patients who discontinued placebo and reiniti-
ated BOS therapy before the final evaluation at 
week 36 of therapy.

Conclusion
This post hoc analysis demonstrated that in 
patients with EoE who achieved a clinicopatho-
logic response to an initial 12 weeks of therapy 
during SHP621-301, continuing BOS 2.0 mg 
b.i.d. for up to a further 36 weeks generally 
reduced the occurrence of relapse compared 
with randomized treatment withdrawal using 
the more clinically relevant alternative post hoc 
relapse definition. In addition, randomized 
treatment withdrawal may lead to histologic and 
dysphagia symptom relapse in some patients 
over 36 weeks. Furthermore, using an LOCF 
imputation, post hoc efficacy analyses resulted 
in improved findings from the prespecified anal-
yses for histologic, symptom, and endoscopic 
efficacy endpoints. These data highlight the 
importance of maintenance therapy in patients 
with EoE and the need to closely monitor 
patients with EoE who achieve a clinicopatho-
logic response after 12 weeks of therapy. Future 
studies should consider the optimal schedule for 
repeat endoscopy with biopsy18–20 and the use of 
a reliable histologic relapse definition, which 
aligns with the current diagnostic criteria and 
clinical practice,2 as this will help to support 
meaningful comparisons between clinical stud-
ies evaluating treatments for EoE.
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