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Abstract
BACKGROUND: In celiac disease (CeD), small intestinal transglutaminase 2 (TG2) deamidates
glutamine residues in gluten peptides, which enhances stimulation of T cells and leads to
mucosal injury. TG2 inhibition is a potential treatment for CeD.
METHODS: This proof-of-concept study assessed the efficacy and safety of a 6-week treatment
with 3 doses of ZED1227, a selective oral TG2 inhibitor, versus placebo in 159 adult caucasian
patients with well controlled CeD who were challenged with gluten. Primary endpoint was
attenuation of gluten-induced mucosal damage, measured by villus height-to-crypt depth ratio.
Secondary endpoints included intraepithelial lymphocyte density, the Celiac Symptom Index and
Celiac Disease Questionnaire (assessing health-related quality of life).
RESULTS: Of 41, 41, 41, and 40 patients assigned to the 10 mg, 50 mg, 100 mg ZED1227 and
placebo groups, respectively, 35, 39, 38, and 30 had adequate duodenal biopsies for primary
outcome assessment. All 3 doses attenuated gluten-induced duodenal mucosal injury. The
estimated differences (95% confidence interval) in the change of mean villus height-to-crypt
ratio from baseline to week 6 for 10 mg, 50 mg, and 100 mg ZED1227 versus placebo were 0.44
(0.150, 0.727; P=0.0010), 0.49 (0.204, 0.767; P=0.0002), and 0.48 (0.196, 0.766; P=0.0002),
respectively. The estimated differences in the change of intraepithelial lymphocyte density were
-2.7 (-7.58,2.23), -4.2 (-8.94, 0.63), and -9.6 (-14.38, -4.75), respectively. The 100 mg dose may
have improved symptom and quality of life scores. The most common adverse events, similar
across all groups, were headache, nausea, diarrhea, vomiting, and abdominal pain. Three patients
(7.5%) in the 100 mg group developed rash.

CONCLUSION: In this preliminary trial, ZED1227 attenuated gluten-induced duodenal

mucosal damage in patients with celiac disease. (EudraCT No.: 2017-002241-30)



Background

Celiac disease (CeD) is characterized by small intestinal inflammation, is frequently
associated with autoimmunity, and affects 0.2% to 2% of most countries’ populations.'-
Identified cases have increased due to improved serological diagnosis, as has true CeD
prevalence in the past decades.!* CeD is driven by the ingestion of gluten in wheat and related
grains in genetically predisposed individuals who are carriers of human leukocyte antigen types
HLA-DQ2 and HLA-DQS, which are necessary but not sufficient for the manifestation of CeD.
The classical symptoms of CeD are diarrhea, weight loss, and malnutrition, but CeD frequently
manifests with nonspecific or atypical symptoms, including fatigue, altered bowel habits,
anemia, osteoporosis, or autoimmune diseases such as autoimmune thyroiditis and type 1
diabetes.>1?

Active CeD is diagnosed by elevated serum autoantibodies to transglutaminase 2 (TG2)
and confirmed by histological villus atrophy and crypt hyperplasia in the proximal small
intestine, accompanied by duodenal mucosal intraepithelial lymphocyte (IEL) infiltration.!" The
only available treatment for CeD is life-long adherence to a strict gluten-free diet (GFD), a diet
which is difficult to maintain'2, and only 50% of patients show mucosal recovery and often do
not achieve negative serum autoantibodies one year or later after diagnosis.!* Moreover, many
CeD patients report persistent symptoms despite their adherence to the GFD.!# Thus, there is an
unmet medical need for an effective treatment adjunct to an even strict GFD. Currently, no drug
therapy reliably prevented the effects of dietary gluten nor has been approved by regulators to
treat CeD.

TG2, the celiac autoantigen®!3-17 is expressed in the intestinal mucosa where it modifies

immunogenic gluten peptides through deamidation of certain charge-neutral glutamine residues,



yielding negatively charged glutamic acid residues.!®!7 This modification promotes gluten-
peptide presentation by HLA-DQ2 or -DQ8 molecules on mucosal antigen presenting cells®!0
and enables the activation and expansion of gluten peptide-specific CD4+ T helper 1 cells and
the secretion of pro-inflammatory cytokines. This leads to villus atrophy and crypt hyperplasia
and to B cell differentiation and the production of Immunoglobulin A (IgA)-TG2.%10:15-17

We designed ZED1227, which inhibits TG2 with a high specificity and prevents the
formation of deamidated gluten and putatively the initial steps of gluten-induced T cell
activation.!® ZED1227 is formulated as an oral capsule for duodenal targeting and has been
tested for clinical safety in earlier studies (EudraCT numbers 2014-003044-13, 2015-005283-
42). Our phase 1 clinical studies in 106 healthy subjects exposed to doses of up to 500 mg of
ZED1227 for up to 8 days have not shown drug-related adverse effects or signs of toxicity, with
low systemic drug levels after oral ingestion. Here, we report the results of a phase 2, double-
blind, placebo-controlled efficacy, safety, and dose-finding study of ZED1227 capsules in adult
patients with CeD in histological and serological (IgA-TG2) remission on gluten free diet who

were challenged with daily gluten for 6 weeks.

Methods

This study was conducted at 20 sites in 7 countries (Estonia, Finland, Germany, Ireland,
Lithuania, Norway, Switzerland) from May 16, 2018 to February 27, 2020. The study was
approved by independent ethics committees at each center. Written informed consent was
obtained from each patient before screening.

Trial Patients



Adults 18 to 65 years of age with biopsy-confirmed diagnosis of CeD at least 12 months
before screening and positivity for HLA-DQ2 and/or -DQ8 genotypes were considered for study
inclusion. Patients had to have successfully adhered to the gluten free diet for at least 12 months,
present with a negative IgA-TG2 serology and a mean villus height-to-crypt depth ratio
(VH:CrD) of 1.5 or higher, and agree to tolerate a challenge of ingesting 3 grams of gluten daily
for 6 weeks. Full inclusion and exclusion criteria are provided in the Supplementary Appendix.
Trial Design and Treatment

In this randomized, double-blind, placebo-controlled, dose-ranging study (see study
design and execution schematic in Supplementary Fig. S1) eligible patients were randomized, in
a 1:1:1:1 ratio, to one of 4 parallel groups and received treatment with 10 mg, 50 mg, or 100 mg
ZED1227, or placebo, all with matched appearance, concurrent with gluten challenge. Each
morning after at least 6 hours of fasting, patients took the study drug orally and, 30 minutes later,
one sponsor-provided biscuit containing 3 grams of gluten, before breakfast. Throughout the 6-
week study, patients were required to continue their strict gluten free diet.

Duodenal mucosal damage as objective marker of gluten-induced CeD activity can be
measured quantitatively with standardized histopathological morphometry.'® Gluten challenge, in
which a moderate amount of gluten is ingested daily for a limited duration, produces a significant
but reversible duodenal mucosal deterioration and allows efficacy assessment of active
treatment.?0-23
Endpoints

The primary endpoint was whether ZED1227 could attenuate gluten-induced
deterioration of intestinal mucosal morphology, as measured by the VH:CrD in duodenal biopsy

samples, from baseline (at screening) to the end of the 6-week gluten challenge and treatment



period.?* The secondary endpoints included changes from baseline to week 6 in the density of
CD3-positive IELs, the modified Marsh-Oberhuber classification,!! patient-reported outcomes
(PROs) as measured by the Celiac Symptom Index (CSI)?° and Celiac Disease Questionnaire
(CDQ),?¢ blood markers of malabsorption (e.g., ferritin, transferrin saturation, albumin), plasma
concentrations of ZED1227, and serological markers of CeD. The CSl is a 16-item
questionnaire, with each item rated on a scale of 1 to 5, ranging from no symptoms to symptoms
all the time. The CDQ is a 28-item questionnaire, with each item rated from 1 to 7, ranging from
highly reduced to excellent health-related quality of life. Safety was evaluated by the monitoring
of adverse events (AEs), vital signs, body weight, clinical laboratory tests, and tolerability
assessed by the investigator and the patient. For assessment of changes of VH:CrD patients were
excluded if they did not have adequate follow-up duodenal biopsy samples allowing
measurement of at least three separate villus-crypt units.>* Sensitivity analysis was performed for
randomized patients who received at least one dose of study drug. All other efficacy analyses
were performed in randomized patients who received at least one dose of study drug without
imputing missing values at follow-up; modelling was performed on complete cases only.
Trial Procedures and Assessments

Patient enrolment required a screening period of no more than 8 weeks, including upper
gastrointestinal endoscopy with duodenal biopsies within 4 weeks before the first dose
administration to provide baseline histological data. At the week 0 visit, the study drug
(ZED1227 or placebo) and gluten biscuits were dispensed to patients according to their treatment
allocation. Patients returned to the study sites at weeks 2, 4, and 6 for assessments and 10 for a
follow-up visit. A second endoscopy with biopsies was performed at the week 6 or withdrawal

visit, both endoscopies being conducted by experienced gastroenterologists. 4 forceps biopsies



(one biopsy per pass) were taken from the second and third parts of the duodenum, put in a
PAXgene fixative, and sent to the central histopathology laboratory (Jilab, Tampere, Finland) for
both processing and reading. Validated, standardized morphometry procedures separately
evaluated mucosal morphology and inflammation.?*?” The categorical Marsh-Oberhuber
classification!! was used for standard classification of the mucosal lesions (detailed in the
Supplementary Appendix).

Patients kept a diary (paper or electronic) to record daily study drug, gluten biscuit, and
food intake, concomitant medications, and stool frequency and characteristics. CSI?°> and CDQ?¢
scores were determined at all visits. At end of treatment (week 6), investigators and patients
independently rated the study treatment as “very good, good, satisfactory, or poor” for both
efficacy and tolerability.

AEs were recorded and evaluated by the investigators. Blood was drawn to determine
hematology, coagulation, and serum markers.

Statistical Analysis

We estimated that a sample size of 136 patients, or 34 per treatment group, would
provide 80% power for the primary analysis, assuming an a error of 0.05, an effect size of 0.6,
and standard deviation (SD) of 0.8. With an estimated dropout and non-evaluable rate of 15%, a
total of 160 patients (40 per group) were planned for study enrolment.

The primary endpoint, mean change in VH:CrD from baseline to week 6, was analyzed
using a generalized linear model with the identity link, in which treatment group and baseline
VH:CrD were fixed effects, as assumptions for the parametric model were met. Each ZED1227
dose group was compared with placebo. The same statistical method was used for the analyses of

change in IEL density, CSI scores and CDQ scores at week 6 from baseline, which were key



secondary endpoints. Statistics for other endpoints (change of Marsh-Oberhuber classification,
IgA-TG2 and anti-endomysial (IgA-EmA) antibodies, and blood malabsorption markers) are
described in Supplementary Appendix. Analysis to assess sensitivity to missing data is described
in Supplementary Appendix.

Plasma concentrations of ZED1227 and metabolites were measured and analyzed for
pharmacokinetic profiles. The results will be reported separately.

All statistical comparisons between each ZED1227 dose and placebo were two-sided
with a family-wise alpha error level of 0.05. For the primary endpoint, 95% CI and P-values
were adjusted for multiple comparisons using Bonferroni correction to account for the 3
comparisons with placebo. The adjusted P-value required to declare statistical significance for
the primary outcome was 0.0167, and individual confidence intervals were constructed using
98.3% levels. For secondary outcomes, 95% Cls are reported without p values; the 95% CI have
not been adjusted for multiple comparisons and cannot be used to infer definitive treatment
effects.

One interim analysis was conducted for the primary efficacy variable (Supplementary
Appendix).

All authors vouch for the accuracy and completeness of the data. The trial was conducted

and reported according to the pre-specifications in the protocol, which is available at nejm.org.

Results
Patient Characteristics and Compliance

Of the 163 patients randomized, 3 were not dispensed study medication because of the
development of other clinical conditions, and 1 was dispensed medication but was lost to follow

up (Supplementary Fig. S2). Analyses of efficacy excluded these 4 patients and thus included 41,



41, 39, and 38 patients in the 10 mg, 50 mg, 100 mg ZED1227, and placebo groups, respectively.
The demographic characteristics were comparable across the groups, except for a higher
proportion of female patients on 10 mg ZED1227 (Table 1). According to investigators’
assessment and patient diaries, compliance rates were high and similar in all 4 groups, ranging
from 96% to 100% for both study drug and gluten intake.

Efficacy Results

Histology-related efficacy endpoints could be evaluated in 142 patients who had
sufficient biopsy samples at both baseline and week 6, including 35, 39, 38, and 30 patients in
the 10 mg, 50 mg, 100 mg ZED1227 and placebo groups, respectively. 4 of these patients
stopped treatment before week 6, but qualified for primary outcome analysis with treatment
duration from 23 to 32 days. As expected, the gluten challenge decreased the VH:CrD from
baseline to week 6 in the placebo group (estimate -0.61; 95% CI -0.781, -0.435). Daily doses of
50 mg and 100 mg ZED1227 prevented this deterioration (estimates -0.12 and -0.13; 95% Cls -
0.274, 0.028 and -0.281, 0.026, respectively), with slightly less efficacy in the 10 mg dose group
(estimate -0.17; 95% CI -0.329, -0.010). Compared to placebo, all 3 doses of ZED1227
significantly prevented the decrease of the VH:CrD (P<0.0010 for all comparisons) (Table 2,
Fig. 1, Supplementary Fig. S3a). Sensitivity analysis did not change the result (Supplementary
Table S1).

Gluten ingestion caused an increase from baseline in IEL density, a key parameter of
mucosal inflammation, in the placebo group and the 10 mg and 50 mg, but not in the 100 mg
ZED1227 group, and the increase was attenuated dose-dependently by ZED1227 (Table 3,
Supplementary Fig. S4, S3b). Using the modified Marsh-Oberhuber classification, a histological

score where class 2 describes deepened crypts, and class 3a to 3¢ categorically describes



increasing severity of villus atrophy and increasing crypt depth, the odds and risk ratios favored
all 3 doses of ZED1227 over placebo (Supplementary Tables S2, S3).

The CSI score, ranging from 16 to 80, with higher scores indicating worse CeD-related
symptoms, increased from baseline to week 6 in all groups and returned to baseline at the follow-
up visit. Comparison with placebo favored all doses of ZED1227 (Table 3, Supplementary Fig.
S5A). The total CDQ score, ranging from 28 to 196, with higher scores indicating better quality
of life, increased from baseline to week 6 in all ZED1227 dose groups, but decreased with
placebo (Table 3, Supplementary Fig. S5B). Similarly, the changes in the CDQ gastrointestinal
subscore (range from 7 to 49) from baseline to week 6 and comparison with placebo favored
ZED1227 (Table 3, Supplementary Fig. S5C). At the week 6 visit, the patients’ own assessment
of “poor efficacy” was 9.8%, 7.3%, 7.7%, and 26.3% of patients in the 10 mg, 50 mg, 100 mg
ZED1227 and placebo groups, respectively (Supplementary Table S4).

At screening, all patients had normal baseline IgA-TG2 levels. At week 6, 1 (2.4%)), 1
(2.4%), and 0 patients who received 10 mg, 50 mg, 100 mg ZED1227, respectively, converted to
positive, compared with 6 (15.8%) placebo patients. The titer of [gA-TG2 increased by a mean
of 2.4, 1.7, and 0.3 kU/L in the placebo, 10 mg, and 50 mg groups, respectively, and decreased
by 0.1 kU/L in the 100 mg group. Comparable results were obtained for [gA-EmA
(Supplementary Table S5, S6).

Safety

AEs occurred in 125 (78.1%) of the 160 patients who received at least one dose of
ZED1227 or placebo (Table 4). Most AEs were apparently related to the gluten challenge. 74
(46.3%) patients had AEs that the investigators rated as potentially related to the study drug,

including 14 (34.1%), 19 (46.3%), 20 (50.0%), and 21 (55.3%) patients in the ZED1227 10 mg,



50 mg, 100 mg, and placebo groups, respectively. The most common AEs across all groups were
headache, nausea, diarrhea, vomiting, and abdominal pain. With the exception of rash, which
occurred in 3 patients (7.5%) only in the 100 mg ZED1227 group, no AEs appeared to be more
common in the ZED1227 groups than in the placebo group. Serious AEs that were considered
related to the study drug occurred in 2 patients: one patient taking 50 mg ZED1227 had migraine
with aura, and the other taking placebo had ventricular extrasystoles. Both patients discontinued
study treatment and recovered.

A broad range of parameters were measured in blood, including cell counts, liver and
kidney functions, surrogates of resorption (albumin, transferrin saturation, zinc, vitamin B12,
folic acid), and factor XIII, another common transglutaminase. Results were comparable across
the ZED1227 and placebo groups. Notably, during gluten challenge alanine aminotransferase
and alkaline phosphatase values increased from baseline to week 6 in the placebo group, which
normalized at week 10. These changes were not observed in any of the ZED1227 dose groups

(Supplementary Table S7).

Discussion

In this preliminary, randomized, double-blind, placebo-controlled, 6-week study, the
effectiveness of TG2 inhibition with the oral TG2 inhibitor ZED1227 was demonstrated in
patients with CeD who were challenged with a moderate amount (3 grams) of daily gluten
intake. ZED1227 has been developed to specifically block TG2-mediated potentiation of gluten-
peptide immunogenicity in the small intestinal mucosa, a key driver of CeD pathogenesis.?’
Compared with placebo, all doses of ZED1227 attenuated the gluten-induced small intestinal

damage.



This study showed that treatment with the highly specific TG2 inhibitor ZED1227
attenuated the gluten-induced damage in the duodenal mucosa. Importantly, the VH:CrD is
widely considered as the most objective and valid primary endpoint in clinical studies for CeD
therapies,?*?8-3 and the endpoint was achieved at all 3 doses of ZED1227. The benefits across
multiple endpoints were most pronounced for the 50 mg and 100 mg doses. Improved patient
reported outcomes across the dose groups need to be confirmed in a larger study, since they may
reflect the rather small size of each group for the evaluation of symptoms or the scales capturing
some symptoms that may overlap with but are unrelated to CeD. Overall, adverse events were
similar in the ZED1227 and placebo groups.

Since the discovery of TG2 as the autoantigen in CeD,!” extensive research has
confirmed TG2 as a crucial mechanistic driver of gluten-induced inflammation and clinical
manifestations in CeD.®!%15:16 This study supports the role of TG2 in CeD pathogenesis, as its
inhibition prevents the deamidation of gluten peptides in the small intestinal mucosa and thus
abolishes the immunogenic process. ZED1227 predominantly targets the intestinal mucosa and
thereby mediates protection; thus, it is unaffected by the complexity of the food matrix and less
dependent on timing of the ingestion of gluten-containing food.

The Food and Drug Administration recently reinforced that, in pharmacological CeD
trials prevention of histological damage should be a major endpoint in phase 2 clinical studies,
and improvement of CeD-related PROs and quality of life be (co-)primary endpoints in phase 3
trials.3® This is justified, since only 40% of newly diagnosed adult patients have gastrointestinal
symptoms, while a gluten challenge induces a manifest duodenal mucosal lesion, often before
any symptoms occur.??3! Further, mucosal healing is considered the key criterion of successful

treatment and a prerequisite for patients’ long-term wellbeing and the prevention of severe



complications.??** Therefore, we selected gluten challenge and used validated quantitative
histopathology as the primary outcome in our proof-of-concept study.20-21,2427.29,35-38

A strength of this trial were the high levels of patient compliance with study drug and
gluten challenge maximizing evaluable data. Limitations include substantial rates of loss to
follow up and missing data, the short study duration, and the controlled gluten ingestion. Future
studies of ZED1227 in more patients are needed to provide additional evidence of the drug’s
safety and efficacy, potentially in real-life conditions with minor gluten ingestion.

In conclusion, the oral TG2 inhibitor ZED1227 effectively attenuated intestinal mucosal

injury in patients with celiac disease challenged with a moderate dose of daily gluten.
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Figure legends

Figure 1. Paired data plots of villus height-to-crypt depth ratio for global mean
(prespecified analysis population for the primary outcome)

This population included patients who had villus height and crypt depth measurements from at
least three villus-crypt units in total from the duodenum biopsies available at both baseline
(conducted during screening) and final or withdrawal visits (N=142). Horizontal lines indicate
mean values. VH:CrD: villus height-to-crypt depth ratio.



Table 1. Patient demographics

Characteristic 10 mg ZED1227 50 mg ZED1227 100 mg ZED1227 Placebo
(N=41) (N=41) (N=39) (N=38)
Age, years, mean (SD) 40.2 (12.4) 42.8 (12.1) 41.0 (14.8) 42.5(14.4)
Female sex, no. (%) 37 (90.2) 29 (70.7) 24 (61.5) 28 (73.7)
Race, white, no. (%) 41 (100) 41 (100) 39 (100) 38 (100)
Mean weight, kg, mean (SD) 70.9 (12.9) 71.8 (13.1) 73.2 (13.7) 68.4 (14.7)

This table includes 159 of the 163 randomized patients; 3 patients who were not dispensed study medication and 1 patient who was lost to follow up were

excluded from efficacy analysis.




Table 2. Effect of ZED1227 on villus height-to-crypt depth ratio

10 mg ZED1227 50 mg ZED1227 100 mg ZED1227 Placebo
(N=35) (N=39) (N=38) (N=30)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Baseline

2.013 (0.298)

2.041 (0.316)

2.089 (0.346)

1.975 (0.334)

Post gluten challenge (week 6)

1.851 (0.530)

1.914 (0.436)

1.939 (0.483)

1.390 (0.613)

Change from baseline (95% CI)*

-0.17 (-0.329, -0.010)

-0.12 (-0.274, 0.028)

-0.13 (-0.281, 0.026)

-0.61 (-0.781, -0.435)

Estimated difference relative to 0.44 (0.105, 0.727) 0.49 (0.204, 0.767) 0.48 (0.196, 0.766) --
placebo (95% CI)**
P-value 0.0010 0.0002 0.0002 --

As stipulated in the study protocol the primary analysis of the primary outcome included the 142 randomized patients who had villus height and crypt depth
measurements from at least three separate villus-crypt units of sufficient quality in total from the duodenum biopsies available at both baseline (conducted during
screening) and final or withdrawal visits. N=17 patients (6, 2, 1, and 7 in the 10 mg, 50 mg, 100 mg and the placebo groups respectively, were excluded because
they did not undergo final endoscopy; 1 patient in the placebo group was excluded because one sample obtained was not adequate for analysis). CI: confidence

interval
* Least square means estimate

** The Bonferroni correction has been used for 95% CI and P-value adjustment, when estimating treatment difference. The adjusted P-value required to declare

statistical significance for the primary outcome was 0.0167, and individual confidence intervals were constructed using 98.3% levels.
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Table 3. Effect of ZED1227 on intraepithelial lymphocytes density, CSI, CDQ

10 mg ZED1227 50 mg ZED1227 100 mg ZED1227 Placebo
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Intraepithelial lymphocytes density (cells/100 epithelial cells)
Baseline, n 41 41 39 38
Baseline 26.5 (6.8) 29.3 (9.0) 26.4 (8.4) 27.9 (10.2)
Week 6, n 35 39 38 31
Post gluten challenge (week 6) 34.6 (12.0) 35.7 (12.0) 27.9 (7.8) 38.6 (15.7)
Change from baseline 8.3 6.9 1.5 11.0
(95% CI)* (4.97,11.70) (3.66, 10.06) (-1.78, 4.68) (7.45, 14.58)
Estimated difference relative to -2.7 -4.2 -9.6 --
placebo (95% CI) (-7.58,2.23) (-8.94,0.63) (-14.38, -4.75)
Celiac Symptom Index (CSI)
Baseline, n 38 39 38 33
Baseline 24.4 (5.6) 27.0 (7.8) 242 (5.1) 26.0 (5.8)
Week 6, n 38 38 37 32
Post gluten challenge (week 6) 25.9(6.1) 29.0 (8.0) 25.2 (5.8) 29.8 (9.4)
Change from baseline 0.9 2.0 0.1 4.0
(95% CI)* (-1.03, 2.85) (0.00, 3.91) (-1.82,2.07) (1.83, 6.07)
Estimated difference relative to -3.0 -2.0 -3.8 --
placebo (95% CI) (-5.92,-0.16) (-4.87,0.88) (-6.71, -0.95)
Celiac Disease Questionnaire (CDQ)
Baseline, n 40 40 35 34




Baseline 172.48 (13.02) 164.51 (17.51) 170.31 (12.92) 168.35 (16.93)
Week 6, n 39 39 36 32

Post gluten challenge (week 6) 174.53 (12.56) 166.29 (16.64) 174.25 (13.64) 166.38 (18.62)
Change from baseline 32 0.9 3.7 2.1
(95% CI)* (-0.57,6.97) (-2.96, 4.72) (-0.22,7.70) (-6.20, 2.09)
Estimated difference relative to 5.3 2.9 5.8 -
placebo (95% CI) (-0.35, 10.86) (-2.71, 8.58) (0.07, 11.53)

CDQ, subscore gastrointestinal

Baseline, n 41 40 38 36
Baseline 42.57 (5.63) 41.70 (4.51) 42.03 (4.25) 41.92 (5.30)
Week 6, n 40 41 39 34

Post gluten challenge (week 6) 42.06 (6.47) 40.54 (5.83) 42.33 (4.62) 38.29 (7.04)
Change from baseline -0.5 -1.2 0.1 -3.6
(95% CI)* (-2.12, 1.15) (-2.86, 0.44) (-1.56, 1.79) (-5.37,-1.78)
Estimated difference relative to 3.1 2.4 3.7 -
placebo (95% CI) (0.66, 5.53) (-0.07, 4.81) (1.24, 6.15)

Analyses included all randomized patients who received at least 1 dose of study medication (N=159). CI: confidence interval.

* Least square means estimate

CSI: 16-item questionnaire, each item was rated on a scale of 1 to 5, with 1 indicating no symptoms and 5 indicating symptoms all the time.

CDQ: 28-item questionnaire, each item was rated on a scale of 1 to 7, with 1 indicating reduced and 7 indicating high health-related quality of life.



Table 4. Common adverse events (AEs) that occurred in 3 or more patients in any treatment group

Number of Patients (%)

10 mg ZED1227 50 mg ZED1227 100 mg ZED1227 Placebo
(N=41) (N=41) (N=40)* (N=38)

Any Related Any Related Any Related Any Related
Patients with at least 33 (80.5) 14 (34.1) | 30(73.2) 19 (46.3) | 32(80.0) | 20(50.0) | 30(78.9) | 21(55.3)
one AE
Headache 9(22.0) 6 (14.6) 13 (31.7) 7(7.1) 10 (25.0) 4 (10.0) 13 (34.2) 6 (15.8)
Nausea 6 (14.6) 6 (14.6) 7(17.1) 5(2.2) 4 (10.0) 4 (10.0) 7(18.4) 5(13.2)
Diarrhea 4(9.8) 2(4.9) 5(12.2) 3(7.3) 6 (15.0) 5(12.5) 4 (10.5) 2(5.3)
Vomiting 4(9.8) 2(4.9) 3(7.3) 3(7.3) 1(2.5) 1(2.5) 8(21.1) 7(18.4)
Abdominal pain 3(7.3) 0 5(12.2) 3(7.3) 5(12.5) 3(7.5) 3(7.9) 3(7.9)
Nasopharyngitis 2(4.9) 0 4 (9.8) 0 4 (10.0) 0 4 (10.5) 2(5.3)
Abdominal distension 2(4.9) 0 4 (9.8) 3(7.3) 4 (10.0) 4 (10.0) 3(7.9) 2(5.3)
Fatigue 2(4.9) 1(24) 6 (14.6) 3(7.3) 2(5.0) 2 (5.0) 3(7.9) 3(7.9)
Flatulence 3(7.3) 1(24) 4 (9.8) 4 (9.8) 1(2.5) 1(2.5) 3(7.9) 3(7.9)
Abdominal pain upper 2(4.9) 1(2.4) 2(4.9) 2(4.9) 3(7.5) 1(2.5) 3(7.9) 3(7.9)
Constipation 2(4.9) 2(4.9) 3(7.3) 3(7.3) 1(2.5) 1(2.5) 1(2.6) 1(2.6)
Transferrin saturation 3(7.3) 0 1(2.4) 1(2.4) 2(5.0) 1(2.5) 1(2.6) 0
decreased
Lipase increased 0 0 3(7.3) 2(4.9) 0 0 0 0
Rash 0 0 0 0 3(7.5) 3(7.5) 0 0

Analyses included all randomized patients who received at least 1 dose of study medication (N=159).

* One patient added: Study medication dispensed but lost to follow-up. Medication administration uncertain. Safety data incompletely available.
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