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Abstract

Background & Aims: Eosinophilic gastritis (EG) and eosinophilic duodenitis (EoD),
characterized by chronic gastrointestinal (GI) symptoms and increased numbers or activation of
eosinophils and mast cells in the Gl tract, are likely underdiagnosed. We aimed to determine rates
of EG and EoD and number of biopsies required to optimize detection using screening data from
a randomized trial of lirentelimab (AK002), an antibody against siglec-8 that depletes eosinophils
and inhibits mast cells. We also characterized endoscopic features and symptoms of EG and EoD.

Methods: Subjects with moderate-to-severe GI symptoms, assessed daily through a validated
patient-reported outcome questionnaire, underwent endoscopy with a systematic gastric and
duodenal biopsy protocol and histopathologic evaluation. EG diagnosis required presence of =30
eosinophils/high-powered field (eos/hpf) in =5 hpfs and EoD required =30 eos/hpf in =3 hpfs. We
analyzed diagnostic yields for EG and EoD and histologic, endoscopic, and clinical findings.

Results: Of 88 subjects meeting symptom criteria, 72 were found to have EG and/or EoD
(EG/E0D), including patients with no prior diagnosis of EG/EoD. We found that Gl eosinophilia
was patchy and that examination of multiple biopsies was required for diagnosis—an average of
only 2.6/8 gastric biopsies and 2.2/4 duodenal biopsies per subject met thresholds for EG/EoD.
Evaluation of multiple non-overlapping hpfs in each of 8 gastric and 4 duodenal biopsies was
required to capture 100% of EG/EoD cases. Neither endoscopic findings nor symptom severity
correlated with eosinophil counts.

Conclusions: In an analysis of patients with moderate-to-severe Gl symptoms participating in

a clinical trial of lirentelimab for EG/EoD, we found eosinophilia to be patchy in gastric and
duodenal biopsies. Counting eosinophils in at least 8 gastric and 4 duodenal biopsies is required to
identify patients with EG/EoD, so they can receive appropriate treatment. NCT03496571
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Introduction

Eosinophilic gastrointestinal diseases are chronic inflammatory conditions characterized

by persistent gastrointestinal (GI) symptoms and increased numbers and activation of
eosinophils in the Gl tract.(1-3) These disorders are classified by presence and location

of tissue eosinophils, but aberrant activation of mast cells also appears to contribute

to pathogenesis.(4-9) Dysregulation of inflammatory signaling pathways leads to type-2
immunity, activation and/or accumulation of eosinophils and mast cells, and alterations in Gl
physiology.(10-13) Patients with eosinophilic gastritis and/or eosinophilic duodenitis (EG/
EoD) have nonspecific symptoms such as abdominal pain, early satiety, and diarrhea.(1-3)
They have reduced quality of life, due to the effects of their symptoms on daily functions,
lack of adequate treatment options, and frustration from delayed diagnosis.(14, 15)

Studies indicate that EG/EoD is underdiagnosed,(16—-18) potentially due to lack of
diagnostic guidelines, perceived rarity, and symptoms that are shared with other Gl
disorders, such as irritable bowel syndrome (IBS) or functional dyspepsia.(16) Without
diagnostic guidelines, there is uncertainty about the number and location of biopsies
required for optimal diagnostic yield,(1, 19) in contrast to the detailed biopsy protocols

for detection of eosinophilic esophagitis (EoE).(20-24) Until recently, histologic criteria for
diagnosis of EG/EoD were not well defined; experts and the Food and Drug Administration
now accept =30 eosinophils per high-powered field (eos/hpf) in =5 hpfs in stomach biopsies
and/or in 23 hpfs in duodenum biopsies as the diagnostic criteria for clinical trials.(1, 25)

Heightened awareness and standardization of diagnostic guidelines have improved detection
of EoE(24)—the same is possible for EG/EoD. The first randomized trial for EG/EoD
established the therapeutic potential of lirentelimab (AK002), a monoclonal antibody against
siglec-8 on eosinophils and mast cells, in patients with EG/EoD.(25) Our primary aim was
to analyze screening data from this prospective, multi-center trial to estimate the diagnostic
yield of EG/EoD among patients with moderate-to-severe Gl symptoms and determine the
number of gastric and duodenal biopsies required to optimize detection. Our secondary aim
was to analyze endoscopic features and characteristics of these patients.

Materials and Methods

Study design and study subjects

We analyzed screening data from the ENIGMA study (Clinicaltrials.gov identifier:
NCT03496571), which enrolled patients 18-80 years old with moderate-to-

severe Gl symptoms who met histologic criteria for EG/EoD confirmed by
esophagogastroduodenoscopy (EGD) with biopsy and histopathologic evaluation. Safety
and efficacy endpoints have been published.(25) Diagnoses of functional disorders, which
were previously made clinically, were obtained from patient medical histories at the time
of study enrollment. We examined the number of biopsies needed to detect EG/EoD and
analyzed baseline histologic features, endoscopic appearance, and symptom data collected
during screening. Subjects who met symptom criteria but did not meet histologic criteria
for EG/EoD were included in the present analysis as a comparison group. All authors had
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access to the study data and reviewed and approved the final manuscript. EG/EoD refers
to histologic disease in the stomach (EG), duodenum (EoD), or both (EG+EoD). Individual
participant data will not be shared.

Symptom assessment

Patient symptoms were measured daily using an electronic patient-reported outcome (PRO)
questionnaire (see protocol in supplementary material) that assessed severity of abdominal
pain, nausea, vomiting, early satiety, loss of appetite, abdominal cramping, bloating, and
diarrhea. Individual symptom scores ranged from 0 (no symptoms) to 10 (worst); the
maximum daily total symptom score was 80 (higher score indicates greater severity).

(25) (26) To be eligible for EGD, subjects were required to have moderate-to-severe Gl
symptoms: average daily individual symptom score of =3 over 7 days for at least 1 of 3
symptoms (abdominal pain, diarrhea, and/or nausea) on the PRO questionnaire for at least 2
weeks.

Endoscopy and biopsy protocol

Patients’ esophagus, stomach, and duodenum were assessed by EGD. Features in the
stomach were scored by individual investigators according to the Eosinophilic Gastritis
Endoscopic Reference System (EG-REFS), which scores 7 parameters in fundus, corpus,
and antrum. Total EG-REFS scores range from 0 to 46 (Table S1). A global endoscopic
severity score for the stomach was also calculated for each subject (scores range from 0 to
10, with 10 indicating most severe).

For the standardized biopsy protocol, a minimum of 12 biopsies were collected during
EGD (Figure 1): 4 specimens from separate areas of the gastric antrum (2-5 cm proximal
to the pylorus), 4 from separate areas of the gastric corpus (2 from the proximal lesser
curvature and two from the greater curvature), and 4 of duodenal mucosa from the second
and third part of the duodenum. Up to 2 extra specimens each from the stomach and
duodenum could be collected from areas of interest identified during EGD, at the discretion
of endoscopists(25).

Histopathologic evaluation

Biopsy samples were evaluated by a single pathologist, blinded to demographic, clinical, and
endoscopic information, who quantified gastric and duodenal eosinophils/hpf and tryptase-
positive gastric and duodenal mast cells/hpf using a standardized protocol (see supplement).
The histologic criteria for EG were detection of =30 eos/hpf in =5 hpfs in gastric biopsy
specimens and for EoD were detection of =30 eos/hpf in =3 hpfs in duodenal specimens.
The requisite number of hpfs with =30 eos could be achieved within a single biopsy
specimen or from multiple biopsy specimens (Figure 1, Figure S1). Other morphologic
features were graded according to the Updated Sydney System and The Marsh Scale
Classification, respectively.(27, 28)

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dellon et al. Page 5

Results

Subject characteristics and diagnostic yield

Baseline characteristics for patients who met the symptom criteria, and the subsets of
patients who did vs did not meet the histologic criteria for EG/EoD, are shown in Table 1. Of
note, 51 had no history of EG/EoD; of these, 26 met symptom criteria and underwent EGD
with biopsy and 15 met histologic criteria for EG/EoD (Figure S2). The rates of discovery of
EG/EoD were 58% (15/26) among subjects with moderate-to-severe symptoms, based on the
study PRO measure, and 29% (15/51) among all subjects with no history of EG/EoD. Prior
diagnoses other than EG/EoD included gastroesophageal reflux, functional dyspepsia, IBS,
and other functional Gl disorders.

Between groups with vs without a history of EG/EoD, there was a similar distribution of
disease type (EG only, EG+EoD, EoD only), overall symptom severity (mean total symptom
scores of 31 £14 and 32 £13, respectively), and individual symptom scores (Table S2). Other
characteristics, such as rate of allergic comorbidities, did not differ significantly among
groups; peripheral blood absolute eosinophil counts were significantly lower among subjects
without a history of EG/EoD.

Number of biopsies required to maximize diagnostic yield

A minimum of 8 biopsies from the stomach and 4 from the duodenum were required to
identify all 72 subjects with EG/EoD. Analysis of the results from the systematic biopsy
and histopathologic evaluation protocol (Figure 1) found that each additional gastric and
duodenal biopsy collected during EGD incrementally increased the percent of EG/EoD cases
captured (Figure 2). Furthermore, the capture rate depended on the required number of
positive hpfs (hpfs with =30 eos) used to define a case. For example, if a threshold of =5
positive hpfs is used to define a case of EG, a single gastric biopsy captured 4% (2/45)

and 8 biopsies captured 84% (38/45) of cases. Among subjects with EG, 71% (32/45), 82%
(37/45), and 56% (25/45) met this histologic criteria in gastric corpus, antrum, or both,
respectively. A similar diagnostic yield was observed for biopsies taken from the corpus vs
the antrum; 4 biopsies from the gastric corpus plus 4 from the antrum (8 total biopsies) were
required to detect all cases of EG (Figure S3). When we used a threshold of >3 positive

hpfs to define a case of EoD, a single duodenal biopsy captured 23% (14/62) and 4 biopsies
captured 92% (57/62) of cases. Five EoD subjects met the diagnostic threshold based

on positive hpfs from multiple duodenal biopsies (4 EoD subjects) and/or from duodenal
biopsies collected from areas of special interest during EGD (1 EoD subject). A minimum
of 4 biopsies from the duodenum and using a threshold of >1 positive hpf was required to
detect all cases of EoD.

Variation in location and appearance of eosinophilic infiltrate

Tabular heatmaps were created to visualize the patchiness of eosinophilic infiltrate in gastric
and duodenal biopsies on a per-patient and per-biopsy basis (Figure 2). For example, Figure
2C (a heatmap of 45 subjects with EG), shows 5 positive hpfs in each of 8 gastric biopsies
(4 from corpus and 4 from antrum) from subject 01. Subject 17 had only 3 biopsies with

5 positive hpfs each; 3 other biopsies had 0 positive hpfs and the other 2 biopsies had

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 March 01.
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2 positive hpfs. Subject 44 had no biopsies with 5 positive hpfs—this patient met the
histologic criteria for EG based on total positive hpfs among all biopsies. An average of only
2.6 of 8 total gastric biopsies had =30 eos/hpf in =5 hpfs; 42% of subjects (19/45) had 0 or 1
gastric biopsies that met this criterion. A similar distribution was observed in biopsies from
the 62 subjects with EoD (with or without EG): an average of only 2.2 of 4 total duodenal
biopsies had =30 eos/hpf in =3 hpfs; 31% of subjects (19/62) had 0 or 1 duodenal biopsies
that met this criterion (Figure 2D).

In addition to the high variability in eosinophil count among biopsies, there was substantial
variability among distinct hpfs within a single biopsy (Figure 3A). Of all biopsies with =30
eos in =1 hpf, 20% of gastric biopsies (39/200) and 30% of duodenal biopsies (59/194) had
only 1 or 2 positive hpfs of the =5 non-overlapping hpfs that were evaluated per biopsy
(Figure 2C, D).

Subjects with no history of EG/EoD had fewer positive gastric biopsies than subjects with

a history (A<.001), but there was no association with number of positive duodenal biopsies
(Table S3). Subjects with EG+EoD had a similar number of positive biopsies compared

to subjects with only EG or EoD (Table S4). The number of positive biopsies was not
associated with use of systemic and/or swallowed steroids (Table S5). Symptom severity
(total symptom score) did not differ significantly among EG/EoD subjects with few (0 or 1),
compared to those with multiple (=2), positive biopsies (Figure S4).

Among subjects with EG and EoD, the median peak eosinophil counts were 85 and 60
eos/hpf in gastric and duodenal biopsies, respectively (Figure 3). In most cases, eosinophils
did not form sheets that were readily visible under low-power magnification; they could be
found in isolation or in clusters, aggregates, or microabscesses. Eosinophils were mostly
located in the lamina propria—in the spaces between glands or foveola—and degranulation
ranged from minimal to diffuse. Histologic abnormalities in gastric morphology were
present in 22/45 subjects with EG (49%), with reactive gastropathy in 12/45 (27%) and
chronic inflammation in 9/45 (20%) (Figure S5). Histologic abnormalities in duodenal
morphology, such as lymphocytosis or villus changes, were found in only 3/62 subjects
with EoD (5%). Median peak gastric and duodenal mast cell counts were 53 and 55/hpf,
respectively, in subjects with EG and EoD (Figure 3C). In subjects with EG/EoD, gastric and
duodenal mast cell counts correlated with gastric and duodenal eosinophil counts (Figure
S6).

Correlations with endoscopic and histologic findings

Based on EG-REFS (Table S1), gastric abnormalities (granularity, raised lesion/nodularity,
erythema, friability, folds, erosion/ulceration, pyloric stenosis) were either not present
(score=0) or mild (score=1) in most subjects with EG (Figure 4). Most abnormalities

were in the antrum: mild erythema in 24/44 subjects (55%) and mild granularity in 15/44
(34%). Among EG subjects, 40/44 (91%) had a total score <15. Total EG-REFS did not
correlate with total symptom score, peak gastric eos/hpf, or peak gastric mast cells/hpf

in subjects with EG (Figure S7). There were no significant differences in rates of each
abnormality in subjects with EG vs without EG (Figure 4C). Global endoscopic scores were
a median 4.5 (IQR, 2.0-6.0) for subjects with EG and 3.0 (IQR, 1.8-5.3) for subjects with

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 March 01.
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moderate-to-severe Gl symptoms but without EG (possible score of 10) (Figure S8). Total,
corpus-specific, and antrum-specific EG-REFS did not differ significantly subjects who met
histologic criteria for EG vs those who did not (Figure 4D).

Symptom burden

The mean total symptom score of subjects with EG/EoD was 31+14 (Table 1) (33+14 for
subjects with EG and 3013 for subjects with EoD). Ninety percent of subjects had 7 or 8
of the 8 symptoms assessed (Figure S9; early satiety, bloating, abdominal pain, abdominal
cramping, loss of appetite, nausea, diarrhea, vomiting)—most occurred on 5 or 6 days out
of 7 days, except for diarrhea and vomiting. Across all analyses, symptoms were similar

in subjects with EG vs EoD, and between EG subjects with involvement of the gastric
corpus vs antrum (Figures S9, S10). There was no correlation between total symptom scores
and tissue eosinophil or mast cell counts (Figure S11). Subjects receiving systemic steroids
and/or swallowed topical steroid enteric-release capsules at screening (18%, 13/72) did not
have a significant differences in peak eosinophil count or total symptom score compared
with subjects not receiving steroids (Figure S12). Symptoms were similar between patients
who did vs did not meet the histologic criteria for EG/EoD (Figure S13).

Discussion

This study was the first prospective analysis of diagnostic yield and biopsy and
histopathology criteria for diagnosis of EG/EoD. We demonstrated that a minimum of 12
biopsies—4 from the gastric corpus, 4 from the gastric antrum, and 4 from the duodenum—
were required to detect all cases of EG/EoD. This standardized biopsy protocol, followed

by histopathologic analysis including quantification of eosinophils, identified a high rate of
EG/EoD among individuals with moderate-to-severe Gl symptoms, indicating that EG/EoD
is underdiagnosed. Because we observed patchiness of gastric and duodenal eosinophilia,
insufficient biopsy sampling in clinical practice might produce false-negative results and
missed diagnoses. Implementing a more extensive biopsy protocol and achieving an accurate
diagnosis of EG/EoD will enable the initiation of targeted therapy.

The threshold of =30 eos/hpf for EG/EoD diagnosis is supported by a recent study indicating
that mean eos/hpf in gastric and duodenal biopsies from subjects without known Gl disease
were 3.8 and 14.6, respectively(29). Although the diagnostic threshold was =30 eos/hpf in
=5 gastric hpfs and/or in =3 duodenal hpfs, a fewer number of hpfs might be acceptable for
detection of EG/EoD (29). In a sub-analysis, we found that adjusting the requirement to =30
eos/hpf in a single gastric and/or duodenal hpf maintained predictive values of 87% for EG
and 97% for EoD (Table S6). Simplifying the requirement to a single hpf aligns with the
diagnostic criterion for EoE (=15 eos/hpf in 1 hpf) and may reduce pathologist burden. If
>30 eos/hpf in 1 hpf were to be used as the diagnostic threshold, it would still be important
to examine and systematically count eosinophils in =5 non-overlapping hpfs in at least 12
biopsies, to avoid missing areas of eosinophilic infiltrate. Our findings suggest that such
areas might be easily missed in practice, because more than half of EG/EoD subjects had no
histologic morphology abnormalities other than increased eosinophils. Furthermore, tissue
eosinophilia was highly patchy, and even where eosinophils were increased, the sheets of
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dense eosinophil infiltrates reported in the literature were rarely present (30). Activation of
mast cells is also likely to be involved in EG/EoD, but current diagnostic criteria include
only quantification of eosinophils (4, 9, 13).

This study also provides the first prospective characterization of endoscopic and clinical
features of adults with EG/EoD. Notably, our findings of the nonspecific endoscopic and
clinical features of EG/EoD support the concept that many patients remain undiagnosed

in current practice. Most subjects in this study had a normal or only mildly abnormal
endoscopic appearance; use of medications or diet therapy might have reduced the
appearance of endoscopic abnormalities in some subjects, but endoscopic findings did not
correlate with tissue eosinophilia. Therefore, endoscopic appearance alone cannot reliably
increase clinical suspicion for, or rule out, a diagnosis of EG/EoD. Analysis of data collected
daily with a validated PRO questionnaire revealed the high symptom burden of patients
with EG/EoD. Many of these symptoms occur in patients with other Gl disorders, such

as IBS or functional dyspepsia, so patients (particularly if they have normal endoscopic
findings) receive misdiagnoses of functional Gl disorders. Moreover, peripheral blood
absolute eosinophil counts were rarely elevated in subjects with no history of EG/EoD in
this study, and should not rule out a diagnosis of EG/EoD. The nonspecific endoscopic and
clinical presentation of EG/EoD may initially obscure an accurate diagnosis, but thorough
evaluation of GI symptoms followed by EGD with systematic gastric and duodenal biopsy
sampling, regardless of endoscopic appearance or absolute eosinophil count, is likely to
improve detection.

The main limitation of this study was the modest sample size—studies are needed in
larger populations. Studies are needed to characterize the prevalence of EG/EoD in
symptomatic subjects using thorough and systematic biopsy and histopathology protocols
—a large, prospective, non-interventional study is underway. In the meantime, collection
of a minimum of 12 biopsies (4 from the gastric corpus, 4 from the gastric antrum,

and 4 from the duodenum) from patients with moderate-to-severe GI symptoms, and
systematic counting of tissue eosinophils, will likely identify more patients with EG/EoD.
Implementation of these protocols will help to provide EG/EoD patients with definitive
diagnoses and enable initiation of targeted treatment to improve their quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know:
BACKGROUND:

Eosinophilic gastritis (EG) and eosinophilic duodenitis (EoD) are underdiagnosed. We
analyzed biopsies from subjects with gastrointestinal symptoms in a randomized trial
to determine rates of EG and EoD and the number of biopsies required to optimize
detection.

FINDINGS:

More than half of subjects (58%) with moderate—severe Gl symptoms were found to
have EG/EoD. Counting of eosinophils in at least 8 gastric and 4 duodenal biopsies was
required to identify patients with EG/EoD.

IMPLICATIONS FOR PATIENT CARE:

EG and EoD are underdiagnosed—it is important to count eosinophils in multiple gastric
and duodenal biopsies from patients with moderate-to-severe gastrointestinal symptoms
to identify those with EG/EoD, so they can receive appropriate treatment.
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BIOPSY HISTOPATHOLOGY EG/EoD
PROTOCOL PROTOCOL DIAGNOSTIC CRITERIA
Min. of 12 biopsies
collected per subject Min. of 5 hpfs 230 eos/hpf in

during EGD

4 gastric antrum
4 gastric corpus

4 duodenum

evaluated per biopsy

Systematic
examination and
counting of eosinophils

25 hpfs in gastric

23 hpfs in duodenal

biopsies
and/or in

Plus additional biopsies biopsies
from areas of interest
A
)The requisite number
of hpfs with ;30 eos
HISTOLOGIC FINDING DEFINITIONS could be achieved
W|thlr_1 a single biopsy
POSITIVE POSITIVE zggfgg:; S cross
POSITIVE GASTRIC DUODENAL multiple biopsy
HPF BIOPSY BIOPSY Specimens
230 eos in 230 eos in 230 eos in
a hpf 25 hpfs 23 hpfs

Figure 1. Biopsy and Histopathology Protocol and EG/EoD Diagnostic Criteria.
Criteria used for systematic biopsy collection, histopathologic examination, and diagnosis of

EG/EaD.
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Subjects with EoD (n=62)
100% -

I

=T
O 9O 75% -
X 2
n
23
HY 50% -
+— O
cC wm
S 0 |
dlz'-a625/oj i

0%_ | | [ |

1 bx 2 bx 3bx 4Dbx
Number of Duodenal Biopsies

B >30 eos/hpf in 23 hpfs >30 eos/hpf in 21 hpf

Number of hpf [range 0-5] with 230 eos/hpf per gastric biopsy in subjects with EG (N=45)'

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Gastric Bx 1 5 5 5 5 | [2]1]4]5]
Gastric Bx 2 I [3]3]4] [1]
Gastric Bx 3
Gastric Bx 4
Gastric Bx 5
Gastric Bx 6
Gastric Bx 7
GastricBx 8 |5

No. (%) of
Subjects

ANTRUM CORPUS

3(7%) | 4©0%) |3(7%) | 4(9%) 5 (11%) 7 (16%) 12 (27%) 7 (16%)

No. Bx with 230

eos in 25 hpf e L 2 4 3 2 1 0

No. Bx with 230
eos in 21 hpf

Total hpf with

39-40 30-34 28-30 23-28 17-26 13-21 5-18 0-14
230 eos

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Dellon et al.

No. Bx with 230

No. Bx with 230

Page 16

Number of hpf [range 0-3] with 230 eos/hpf per duodenal biopsy in subjects with EoD (N=62)

01020304 050607080910 111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3536 37 38 394041424344 4546 47 48 49 50 51 52 53 54 55 56 57 58 59 60 6162
Duodenal Bx 1 [8]3]3[3]]3[3][a]s[3[3[s[3[3[3]2[3]3[3]]3[3]2[2]2[3[1]3]2]3[s]3]3[3]1]3]3]3]3[3[3[3]o] 2 2[2[1
Duodenal Bx 2 [3[3[3[3[3[3[3[3[3[a[3[3[a|3[3[3[3]a[3[3[3|2[3]3[3]2[3[3]a|3[3[a[3]1]3[0]33[3[0]|3[3[3|2 12[1
Duodenal Bx 3 [3]3[3[3]3|a[3[3[a]3[3[3]a[3|2[3[3]a[3[3]a|2]2[a[a[1]1|2]a|2]2]2[1 1 3|2 1
Duodenal Bx 4 [3]3[3]3[3]3[3]a]3]3[3]a]3[3|3]a]2]1]o]o]o|3]3]2]1]3]3 3(3[s 3 3 1)1
No. (%) of
14 (239 7 (119 22 (359 14 (239 89
Subjects (23%) (11%) (35%) (23%) 5 (8%)
eos in 23 hpf 4 3 2 1 0
proayemed 4 34 24 14 14
Total hpfwith 12 9-11 610 39 27
230 eos

Figure 2. Number of Biopsies Required to Optimize Detection of EG/EoD.
(A, B) Cumulative percent of EG cases (A) and EoD cases(B) that would be captured by

minimum number of biopsies out of a total of 8 gastric and 4 duodenal biopsies collected per
subject. (C, D) Heatmaps showing the number of positive hpfs per biopsy collected during
screening EGD for each EG/EoD subject. Vertical columns contain data for each subject
with EG or EoD, horizontal rows contain data for each biopsy, and each cell contains the
number of positive hpfs (those with =30 eos); cells are color-coded on a scale from green

to red, with red indicating fewer positive hpfs. Diagnostic thresholds could be met with any
combination of 5 hpfs in the stomach and/or any combination of 3 hpfs in the duodenum.
(C) Heatmap of 45 subjects with EG, showing number of positive hpfs in each of 8 gastric
biopsies (4 from corpus and 4 from antrum). (D) Heatmap of 62 subjects with EoD, showing
number of positive hpfs in each of 4 duodenal biopsies. One patient in each analysis (C, D)
did not meet the histologic threshold with the standard 8 gastric and 4 duodenal biopsies but
did meet the threshold with collection of additional gastric and duodenal biopsies from areas
of interest during screening EGD, as permitted per protocol.
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Subjects who met symptomatic criteria and EG/EoD histologic criteria (n=72)

Figure 3. Histologic Features.

(A) High-power (20X) images of EG/EoD specimens showing patchiness of eosinophils

in different biopsies from the same subject (/ef?)) and among different hpfs from the same
biopsy (right). (B) Peak number of gastric (/ef?) and duodenal (right) eos/hpf in subjects with
EG and EoD. Green dotted line indicates median peak eos/hpf. (C) Peak gastric (/eff) and
duodenal (righf) mast cell (MC) counts in subjects who met histologic criteria for EG/EoD.
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The histologic criteria for elevated MCs is =30 MCs/hpf (above gray area)(29, 31-34); green
dotted line indicates median peak MCs/hpf in patients with EG/EoD.
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Figure 4. Endoscopic Appearance.
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EG in the Antrum

Yes No
(n=36) (n=49)

P=0.122

(A) Percent of EG subjects with each EG-REFS score (0= normal and 1=mild). (B) Percent
of subjects with each EG-REFS. (C) Percent of subjects with endoscopic abnormalities
(EG-REFS >0) in any area of stomach. (D) Box and whisker plot (Tukey method) of
subjects with (blue) and without (gray) histologic EG. No EG indicates subjects who did not
meet histologic criteria for EG or EoD (n=15) or who met histologic criteria for only EoD
(n=26). One subject from the EG group and 2 from the No EG group were not assessed by
EG-REFS at screening and are not included in analysis. P value calculated by 2-sample ¢

test.
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Characteristics of Study Subjects

Table 1.

Page 21

Met Symptom Criteria

Met Symptom Criteria

Met Symptom Criteria

(n=88 and Histologic Criteria but not Histologic
for EG/EoD (n=71) Criteria for EG/EoD
(n=16)

Mean age, years (range) 43 (18-78) 42 (18-74) 47 (19-78)
Female sex, n (%) 54 (61%) 43 (60%) 11 (69%)
White, n (%) 80 (91%) 66 (92%) 14 (88%)
Weight, mean kg (range) 81 (47-171) 78 (47-171) 74 (49-102)
Total symptom score at baseline, mean +SD 30 +£14 31+14 26+14
History of asthma, allergic rhinitis, atopic dermatitis, 52 (59%) 48 (67%) 4 (25%)
and/or food allergy
Absolute eosinophil count

Mean +SD 654+951 791+1026 107466

Subjects with =250/pl, n (%) 45 (63%) 43 (75%) 0 (0%)

Subjects with =500/ul, n (%) 26 (36%) 26 (46%) 0 (0%)
Prior history, n (%)

Eosinophilic gastritis and/or eosinophilic 62 (70%) 57 (79%) 5 (31%)
duodenitis (EG/EoD)

Functional gastrointestinal disorder (I1BS, 26 (30%) 24 (33%) 2 (13%)
functional abdominal pain, functional diarrhea, or
functional constipation)

Gastroesophageal reflux, acid reflux, or heartburn 26 (30%) 24 (33%) 2 (13%)

Peptic ulcer 9 (10%) 9 (13%) 0 (0%)

Chronic gastritis/duodenitis 6 (7%) 4 (6%) 2 (13%)
Physician-guided treatment, n (%)

Proton-pump inhibitor 40 (45%) 35 (49%) 5 (31%)

Diet modification 12 (14%) 11 (15%) 1 (6%)

Low-dose systemic corticosteroid? 9 (14%) 7(10%) 2 (13%)

Swallowed topical corticosteroid 8 (9%) 7 (10%) 1 (6%)

aPrednisone <10mg daily or equivalent as a pre-existing regimen and taken throughout the study.
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