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BACKGROUND
Eosinophilic gastritis and duodenitis are characterized by gastrointestinal mucosal 
eosinophilia, chronic symptoms, impaired quality of life, and a lack of adequate 
treatments. Mast-cell activity may contribute to the pathogenesis of the conditions. 
AK002 (lirentelimab) is an anti–Siglec-8 antibody that depletes eosinophils and 
inhibits mast cells and that has shown potential in animal models as a treatment 
for eosinophilic gastritis and duodenitis.

METHODS
In this phase 2 trial, we randomly assigned adults who had symptomatic eosinophilic 
gastritis, eosinophilic duodenitis, or both conditions in a 1:1:1 ratio to receive four 
monthly infusions of low-dose AK002, high-dose AK002, or placebo. The primary end 
point was the change in gastrointestinal eosinophil count from baseline to 2 weeks 
after the final dose; to maximize statistical power, we evaluated this end point in the 
placebo group as compared with the combined AK002 group. Secondary end points 
were treatment response (>30% reduction in total symptom score and >75% reduction 
in gastrointestinal eosinophil count) and the change in total symptom score.

RESULTS
Of the 65 patients who underwent randomization, 43 were assigned to receive AK002 
and 22 were assigned to receive placebo. The mean percentage change in gastroin-
testinal eosinophil count was −86% in the combined AK002 group, as compared with 
9% in the placebo group (least-squares mean difference, −98 percentage points; 95% 
confidence interval [CI], −121 to −76; P<0.001). Treatment response occurred in 63% 
of the patients who received AK002 and in 5% of the patients who received placebo 
(difference, 58 percentage points; 95% CI, 36 to 74; P<0.001). The mean change in 
total symptom score was −48% with AK002 and −22% with placebo (least-squares 
mean difference, −26 percentage points; 95% CI, −44 to −9; P = 0.004). Adverse events 
associated with AK002 were similar to those with placebo, with the exception of 
higher percentages of patients having mild-to-moderate infusion-related reactions 
with AK002 (60% in the combined AK002 group and 23% in the placebo group).

CONCLUSIONS
In patients with eosinophilic gastritis or duodenitis, AK002 reduced gastrointesti-
nal eosinophils and symptoms. Infusion-related reactions were more common 
with AK002 than with placebo. (Funded by Allakos; ENIGMA ClinicalTrials.gov 
number, NCT03496571.)
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Eosinophilic gastrointestinal dis-
eases are chronic inflammatory conditions 
characterized by gastrointestinal symptoms 

and eosinophilic infiltration of the gastrointes-
tinal mucosa.1-3 Emerging evidence suggests a 
role for mast cells in the pathogenesis and 
symptomatic burden of these conditions.4-11 Where-
as eosinophilic esophagitis is relatively well 
characterized, less is known about eosinophilic 
gastrointestinal diseases that are distal to the 
esophagus. Eosinophilic gastritis and eosino-
philic duodenitis are defined by eosinophilia of 
the stomach and duodenum, respectively, and 
sometimes include concomitant esophageal in-
volvement.1,12-16 Although a U.S. population-based 
study of eosinophilic gastritis and duodenitis in-
dicated a diagnosed prevalence of approximately 
15 cases per 100,000 population,17 other find-
ings have suggested that this may be an under-
estimate.18-20 The clinical presentation of eosino-
philic gastritis and duodenitis commonly consists 
of abdominal pain, bloating, early satiety, ab-
dominal cramping, diarrhea, nausea or vomiting, 
and, in more severe cases, hypoproteinemia.1-3,12-14 
Patients with eosinophilic gastritis or duodenitis 
have an impaired quality of life and barriers to 
care, including delayed diagnosis, misdiagnosis, 
and a lack of treatment options.21,22 There are no 
approved therapies targeting these conditions, 
and current regimens, such as glucocorticoids 
and elimination diets, have limitations.1-3,13,14

Sialic acid–binding immunoglobulin-like lec-
tin 8 (Siglec-8) is an inhibitory receptor that is 
selectively expressed on mature eosinophils and 
mast cells, with low expression on basophils.5,23-26 
AK002 (recently given the nonproprietary name 
lirentelimab) is a first-in-class, humanized, non-
fucosylated IgG1 anti–Siglec-8 monoclonal anti-
body that depletes eosinophils through natural 
killer cell–mediated antibody-dependent cellular 
cytotoxicity (in the blood) and apoptosis (in tis-
sues).5,24 AK002 and other anti–Siglec-8 antibod-
ies have been shown to inhibit mast-cell activa-
tion, thereby reducing degranulation, secretion 
of inflammatory mediators, and recruitment of 
additional mast cells, eosinophils, and other im-
mune cells to tissue.5,24 Open-label clinical studies 
of AK002 have indicated activity in various aller-
gic diseases, such as chronic urticaria (Clinical-
Trials.gov number, NCT03436797) and severe 
allergic conjunctivitis (NCT03379311).27,28

We hypothesized that because it depletes eo-
sinophils and inhibits mast cells, AK002 could 

potentially be used to treat eosinophilic gastro-
intestinal diseases. Proof of concept was shown 
in a murine model of eosinophilic gastritis and 
duodenitis, in which an anti–Siglec-8 monoclo-
nal antibody reduced allergen-induced gastric 
and duodenal eosinophilia and inhibited mast-
cell activation.5 The aim of our trial (ENIGMA) 
was to assess the efficacy and safety of AK002 
in adult patients with eosinophilic gastritis, eo-
sinophilic duodenitis, or both conditions.

Me thods

Trial Design and Oversight

In this multicenter, randomized, double-blind, 
placebo-controlled, phase 2 trial involving adults 
with eosinophilic gastritis, eosinophilic duode-
nitis, or both conditions, eligible patients were 
randomly assigned in a 1:1:1 ratio to receive four 
monthly intravenous infusions of low-dose AK002 
(0.3, 1, 1, and 1 mg per kilogram of body 
weight), high-dose AK002 (0.3, 1, 3, and 3 mg 
per kilogram), or placebo (volumetric equivalent) 
on days 1, 29, 57, and 85 (Fig. S1 in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org). Patients who complet-
ed treatment through day 113 had the option to 
continue in a separate open-label extension 
study. Patients who declined participation in the 
open-label extension had follow-up visits on 
days 113 and 141. For details of randomization 
and blinding, see the Supplemental Methods 
section in the Supplementary Appendix.

The trial was initiated at 22 sites across the 
United States (17 of the 22 sites enrolled pa-
tients) and was performed in accordance with 
the Declaration of Helsinki and in compliance 
with Good Clinical Practice Guidelines, the in-
stitutional review boards of the 22 trial sites, 
and applicable laws. All patients provided writ-
ten informed consent before trial entry. An inde-
pendent data and safety monitoring committee 
provided additional oversight. The trial was de-
signed by Allakos (the commercial sponsor) in 
collaboration with an advisory board of investi-
gators (see the Supplementary Appendix). The 
investigators collected the data, and the com-
mercial sponsor analyzed the data. The academic 
authors had access to the data. The commercial 
sponsor and the members of the steering com-
mittee contributed to the trial design, data analy-
sis and interpretation, and critical review of the 
manuscript. The first draft of the manuscript 
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was prepared by a medical writer (paid by the 
commercial sponsor), with direction and content 
driven by the first author. The manuscript was 
reviewed and approved by all the authors. The 
authors vouch for the completeness and accuracy 
of the data and for fidelity of the trial to the 
protocol, available at NEJM.org. All the investi-
gators had confidentiality agreements with the 
commercial sponsor.

Patients

Adults who were 18 to 80 years of age and had 
eosinophilic gastritis, eosinophilic duodenitis, or 
both conditions were eligible for inclusion if they 
reported moderate-to-severe symptoms, defined 
as a mean daily symptom score of 3 or higher 
(scores range from 0 to 10, with 0 indicating no 
symptoms and 10 indicating the worst possible 
symptoms) over a period of 7 days for abdominal 
pain, diarrhea, or nausea on a patient-reported 
outcome questionnaire that was completed for at 
least 2 weeks (see Appendix 1 in the protocol); a 
minimum of four questionnaires had to be com-
pleted each qualifying week during screening. 
Patients who met the symptomatic criteria under-
went esophagogastroduodenoscopy with biopsy 
and histopathologic evaluation and were required 
to have gastrointestinal eosinophilia, defined as 
at least 30 eosinophils per high-power field29 in 
five high-power fields in the stomach (for eo-
sinophilic gastritis), at least 30 eosinophils per 
high-power field in three high-power fields in 
the duodenum (for eosinophilic duodenitis), or 
both, without any other cause of gastrointestinal 
eosinophilia (see the Supplementary Appendix). 
(Eosinophilic duodenitis is referred to as “eosino-
philic gastroenteritis” in the protocol and statis-
tical analysis plan.) Esophageal biopsy specimens 
were obtained for histopathological evaluation 
from patients with a history of eosinophilic 
esophagitis (a previous documented clinical di-
agnosis) or if esophageal involvement was sus-
pected on upper endoscopy.

Key exclusion criteria were celiac disease, ac-
tive Helicobacter pylori infection, inflammatory 
bowel disease, helminthic parasitic infection in 
the preceding 6 months, or the use of immuno-
suppressive or immunomodulatory drugs other 
than glucocorticoids. (Prednisone at a dose of 
≤10 mg daily [or equivalent] was allowed if it 
was already being taken and the regimen re-
mained unchanged during screening and through-

out the trial; single-use glucocorticoid treatment 
to prevent or manage infusion-related reactions 
was allowed at the investigators’ discretion.) Pre-
existing dietary restrictions and permitted pre-
trial medications were allowed if they were main-
tained throughout the trial (see the protocol).

End Points

The primary end point was the percentage change 
in mean peak eosinophil count in gastric or duo-
denal mucosa from baseline to the end of treat-
ment, defined as day 99 (2 weeks after the final 
dose). If eosinophilia was present in both gastric 
and duodenal tissue at baseline, the end point 
was assessed in the compartment with the high-
est baseline eosinophil count. The first second-
ary end point was treatment response (defined 
as both a >30% reduction in total symptom 
score [scores range from 0 to 80, with higher 
values indicating greater symptom severity] and 
a >75% reduction in gastrointestinal eosinophil 
count), and the second secondary end point was 
the percentage change in total symptom score 
from baseline to end of treatment, defined as 
week 13 or 14 (mean of daily scores in the 14-day 
window between the last dose and the end-of-
treatment biopsy). The total symptom score was 
calculated from daily patient-reported outcome 
questionnaire entries made by patients into the 
electronic data capture system. The questionnaire 
assessed eight individual symptoms (each on a 
scale of 0 to 10, combining to form the total 
symptom score): abdominal pain, nausea, vomit-
ing, early satiety, loss of appetite, abdominal 
cramping, bloating, and diarrhea. The question-
naire was developed in accordance with methods 
described in the Food and Drug Administration 
(FDA) Guidance on Patient-Reported Outcome 
Measures30; before its use in this trial, evidence 
of psychometric reliability and validity was ob-
tained in a 30-day observational longitudinal 
study. All other prespecified end points are sum-
marized in Table S1.

Safety

All adverse events were monitored, assigned a 
severity grade, and assessed for clinical sig-
nificance and relationship to AK002 or placebo 
by a principal investigator. Additional safety 
evaluations included clinical laboratory tests, 
physical examinations, and assessment of vital 
signs.
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Statistical Analysis

The intention-to-treat population included all 
patients who underwent randomization. The pri-
mary and secondary efficacy end points were 
assessed in the intention-to-treat population. 
Patients who were excluded from the per-proto-
col population (for withdrawal from the trial, 
protocol violations, or missing outcome data) 
were considered to have had treatment failure in 
intention-to-treat analyses; for these patients, we 
used baseline values for the post-treatment tis-
sue eosinophil count and total symptom scores 
and used a percentage change of 0 for these end 
points. Prespecified analyses of all efficacy end 
points, as defined in the statistical analysis plan, 
were conducted in the per-protocol population. 
The analysis of safety included the population of 
all patients who underwent randomization, which 
was identical to the intention-to-treat popula-
tion. Both the per-protocol and the safety popu-
lations were predefined in the statistical analysis 
plan before database lock, which occurred on 
July 10, 2019.

The primary efficacy end point was analyzed 
by analysis of covariance (ANCOVA), with treat-
ment as factor and baseline and randomization 
stratum as covariates. The first secondary end 
point was analyzed with Fisher’s exact test. The 
second secondary end point was analyzed by 
ANCOVA, with treatment as factor and baseline 
total symptom score as covariate.

Statistical comparisons between the com-
bined, high-dose, and low-dose AK002 groups 
and the placebo group with respect to the pri-
mary and secondary end points were performed 
with the use of a prespecified hierarchical test-
ing procedure to control the familywise type I 
error rate. The confidence interval for the differ-
ence in the percentage of patients with a treat-
ment response was based on the inverse of the 
exact tests with the use of the score statistic.31 
Additional details of multiplicity adjustment and 
hierarchical testing schema, the approach to miss-
ing data and repeated measures, and other sta-
tistical methods are described in the statistical 
analysis plan and the Supplementary Appendix.

Sample size was determined by assuming a 
mean reduction in gastrointestinal eosinophil 
count of 30% in either AK002 group and 10% in 
the placebo group, with a standard deviation of 
20% for the reduction from baseline in the over-
all trial population. With 20 patients in each 

group and a 5% significance level, the trial had 
an estimated 87% power for the analysis of the 
primary end point. (The sample size was planned 
on the basis of a comparison between the pla-
cebo group and each AK002 dose group; to en-
hance statistical power, a decision was made 
before database lock for the primary analyses to 
compare the placebo group with the combined 
AK002 group.)

R esult s

Patient Characteristics

We enrolled patients who had active eosino-
philic gastritis or eosinophilic duodenitis (or 
both conditions) that was not adequately con-
trolled with pharmacologic therapy or dietary 
modification (Table 1 and Table S2). In total, 65 
patients received at least one dose of AK002 or 
placebo (22 in the low-dose AK002 group, 21 in 
the high-dose AK002 group, and 22 in the pla-
cebo group) (Fig. S2). The baseline characteris-
tics of the patients were generally similar in all 
the groups, although the percentage of patients 
who were male was numerically higher and the 
median age was younger in the placebo group, 
and the baseline peripheral blood eosinophil 
count was numerically higher in the combined 
AK002 group (Table 1). In total, 10 patients 
(15%) had a diagnosis of gastritis, 25 patients 
(38%) had a diagnosis of duodenitis, and 30 
patients (46%) had concurrent gastritis and duo-
denitis. At baseline, the mean (±SD) number of 
gastrointestinal eosinophils per high-power field 
was 84±52, and the total symptom score was 
32±14.

Four patients (9%) who had been receiving 
AK002 and 2 (9%) who had been receiving pla-
cebo were excluded from the per-protocol popu-
lation and were considered to have had treat-
ment failures in the intention-to-treat analyses 
(see Supplemental Methods): 2 patients who re-
ceived one dose of AK002 and were withdrawn 
from the trial because they had hypereosino-
philic syndrome and did not receive the two-
dose minimum for inclusion in the efficacy analy-
ses; 2 patients in the placebo group and 1 patient 
in the AK002 group who began to receive or 
changed the dose of daily systemic glucocorti-
coid treatment, which could have confounded 
interpretation of the safety and efficacy data; 
and 1 patient in the AK002 group with missing 
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outcome data, which precluded calculation of 
end points (Fig. S2). The baseline characteristics 
of the remaining 59 patients (19 patients in the 
low-dose AK002 group, 20 in the high-dose 
AK002 group, and 20 in the placebo group) were 

similar in the three groups (Table S3). The fre-
quency of single-use systemic glucocorticoid 
treatment (i.e., with prednisone or methylpred-
nisolone) for prophylaxis or treatment of infu-
sion-related reactions was balanced among the 

Table 1. Patient Characteristics at Baseline (Intention-to-Treat and Safety Population).*

Characteristic AK002
Placebo 
(N = 22)

Overall 
(N = 65)

Low Dose 
(N = 22)

High Dose 
(N = 21)

Combined 
(N = 43)

Median age (range) — yr 39 (18–74) 41 (20–67) 40 (18–74) 36 (18–67) 40 (18–74)

Female sex — no. (%) 17 (77) 13 (62) 30 (70) 10 (45) 40 (62)

Race or ethnic group — no. (%)†

White 21 (95) 17 (81) 38 (88) 22 (100) 60 (92)

Asian 0 1 (5) 1 (2) 0 1 (2)

Black 1 (5) 2 (10) 3 (7) 0 3 (5)

American Indian or Alaska Native 0 1 (5) 1 (2) 0 1 (2)

Median weight (range) — kg 78 (54–127) 82 (42–121) 80 (42–127) 78 (46–141) 80 (42–141)

Median body-mass index (range)‡ 26 (19–50) 27 (16–43) 27 (16–50) 24 (19–53) 27 (16–53)

Primary diagnosis — no. (%)

Eosinophilic gastritis 4 (18) 1 (5) 5 (12) 5 (23) 10 (15)

Eosinophilic duodenitis 6 (27) 10 (48) 16 (37) 9 (41) 25 (38)

Eosinophilic gastritis and duodenitis 12 (55) 10 (48) 22 (51) 8 (36) 30 (46)

History of eosinophilic gastritis or duodenitis — no. (%)§ 20 (91) 15 (71) 35 (81) 17 (77) 52 (80)

Median time since diagnosis of eosinophilic gastritis or 
duodenitis (range) — yr

6 (0–18) 4 (1–16) 5 (0–18) 4 (0–16) 4 (0–18)

History of eosinophilic esophagitis — no. (%)§ 15 (68) 8 (38) 23 (53) 12 (55) 35 (54)

Baseline use of low-dose systemic glucocorticoid — no. (%)¶ 2 (9) 3 (14) 5 (12) 2 (9) 7 (11)

Baseline use of proton-pump inhibitor — no. (%) 14 (64) 10 (48) 24 (56) 8 (36) 32 (49)

Baseline use of physician-prescribed diet regimen — no. (%)‖ 3 (14) 4 (19) 7 (16) 4 (18) 11 (17)

Total serum IgE concentration — kU/liter 716±1624 309±395 517±1198 635±1225 556±1198

Blood absolute eosinophil count/mm3 991±1369 497±847 750±1158 562±537 686±991

Gastrointestinal eosinophil count — eosinophils/high-
power field**

101±66 76±40 89±55 74±46 84±52

Gastrointestinal mast-cell count — cells/high-power field** 74±25 58±26 66±27 58±19 64±25

Total symptom score†† 34±13 33±14 33±13 29±14 32±14

*  Plus–minus values are means ±SD. Percentages may not total 100 because of rounding.
†  Race and ethnic group were reported by the patient.
‡  Body-mass index is the weight in kilograms divided by the square of the height in meters.
§  A history of the condition was considered to be present if a documented clinical diagnosis had been made by the patient’s physician and 

was noted in the patient’s clinical chart history.
¶  Prednisone at a dose no higher than 10 mg daily (or equivalent) was permitted if it was a preexisting regimen and was taken throughout 

the trial.
‖  Patients were required to maintain their baseline diet regimen throughout the study.
**  The included count was for the site (gastric or duodenal) with the highest number of cells per high-power field at baseline.
††  The total symptom score was determined with a patient-reported outcome questionnaire (see Appendix 1 in the protocol). The question-

naire assessed eight symptoms on a daily basis: abdominal pain, nausea, vomiting, early satiety, loss of appetite, abdominal cramping, 
bloating, and diarrhea. Individual symptom scores ranged from 0 to 10, allowing for a maximum daily total symptom score of 80, with 
higher scores indicating greater severity.

The New England Journal of Medicine 
Downloaded from nejm.org by Alan Chang on October 21, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;17 nejm.org October 22, 2020 1629

Anti–Siglec-8 for Gastritis and Duodenitis

groups (7 patients in the low-dose AK002 group, 
4 in the high-dose AK002 group, and 7 in the 
placebo group).

Efficacy
Change in Gastrointestinal Eosinophil Count

Patients in all three AK002 groups (combined, 
high-dose, and low-dose) had a significantly 
greater mean percentage reduction in gastroin-
testinal eosinophil count from baseline to the 
end of treatment than patients in the placebo 
group (Table 2). In the intention-to-treat analy-
sis, the mean change from baseline in the gas-
trointestinal eosinophil count among patients 
receiving AK002 was −86%, as compared with 
9% in the placebo group. This corresponded to 
a least-squares mean difference as compared with 
placebo of −98 percentage points (95% confi-
dence interval [CI], −121 to −76; P<0.001). In the 
prespecified per-protocol analysis, the change 
from baseline in the gastrointestinal eosinophil 
count was −95% in the AK002 group, as com-
pared with 10% in the placebo group (least-
squares mean difference, −105 percentage points; 
95% CI, −128 to −83; P<0.001) (Table 2 and Fig. 
S3). Patients in all three AK002 groups had a 
greater absolute change in gastrointestinal eosino-
phil count from baseline to end of treatment 
than patients in the placebo group (Table S4).

In an additional prespecified per-protocol 
analysis, a histologic response (defined as <30 
gastrointestinal eosinophils per high-power field 
at the end of treatment) was observed in 37 pa-
tients (95%; 95% CI, 83 to 99) who received 
AK002 and in 3 (15%; 95% CI, 3 to 38) who re-
ceived placebo. In a post hoc analysis, the per-
centage of AK002-treated patients who had a 
gastrointestinal eosinophil count at the end of 
treatment that was no higher than 6 eosinophils 
per high-power field was 95% (95% CI, 83 to 
99), and the percentage with 0 or 1 eosinophils 
per high-power field was 85% (95% CI, 70 to 
94), as compared with 0% (95% CI, 0 to 17) for 
both of these end points in the placebo group.

In a prespecified analysis involving 23 patients 
(14 in the combined AK002 group and 9 in the 
placebo group) who had concomitant esopha-
geal eosinophilia (≥15 eosinophils per high-power 
field) at screening, esophageal histologic remis-
sion (≤6 eosinophils per high-power field) was 
found in 13 of 14 patients (93%; 95% CI, 66 to 
100) who received AK002 and in 1 of 9 (11%; 

95% CI, 0 to 48) who received placebo (Table S5). 
In prespecified analyses, AK002 treatment also 
resulted in rapid reductions in blood absolute 
eosinophil count (Fig. S4) and decreases in gas-
trointestinal mast-cell counts, whereas these 
measures increased from baseline in the placebo 
group (Table S6).

Treatment Response and Symptomatic 
Improvement
Significantly more patients in the three AK002 
groups than in the placebo group had a treat-
ment response, in both the intention-to-treat and 
the per-protocol populations (Table 2). In addi-
tion, the mean total symptom score showed a 
significantly greater decrease in the combined 
and high-dose AK002 groups than in the place-
bo group (Table 2). Low-dose AK002 resulted in 
a significantly greater mean decrease in the total 
symptom score than did placebo in the per-
protocol analysis, but this difference was not 
significant in the intention-to-treat analysis (Ta-
ble 2). Patients in all three AK002 groups had a 
greater absolute change in total symptom score 
from baseline to end of treatment than patients 
in the placebo group (Table S4).

A prespecified per-protocol analysis of chang-
es from baseline in the weekly total symptom 
score showed symptomatic improvements at each 
time point assessed, from 1 week after the first 
dose to the end of the treatment period (Fig. 1). 
Furthermore, patients who received AK002 had 
reductions in the eight assessed individual symp-
tom scores from baseline to the end of the treat-
ment period (Fig. S5). In a post hoc analysis of 
the percentage of patients with a decrease in 
mean total symptom score of at least 50% from 
baseline to the end of treatment, we identified 
25 patients (64%; 95% CI, 47 to 79) in the AK002 
group who had a response, as compared with 
3 patients (15%; 95% CI, 3 to 38) in the placebo 
group (Fig. S6). Among patients who reported 
dysphagia symptoms, the mean percentage de-
crease in symptom severity from baseline to 
week 14 was greater among patients who received 
AK002 than among those who received placebo 
(Table S7).

Other Exploratory End Points
The results with respect to the primary and sec-
ondary efficacy end points were not affected by 
the occurrence of infusion-related reactions, 
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Table 2. Primary and Secondary Efficacy End Points.*

End Point Intention-to-Treat Analysis† Per-Protocol Analysis‡

Low-Dose 
AK002 

(N = 22)

High-Dose 
AK002 

(N = 21)

Combined 
AK002 

(N = 43)
Placebo 
(N = 22)

Low-Dose 
AK002 

(N = 19)

High-Dose 
AK002 

(N = 20)

Combined 
AK002 

(N = 39)
Placebo 
(N = 20)

Primary end point

Mean change in gastrointestinal eosinophil 
count (95% CI) — %

−79 
(−95 to −59)

−92 
(−100 to −81)

−86 
(−94 to −71)

9 
(−15 to 31)

−92 
(−100 to −70)

−97 
(−100 to −89)

−95 
(−100 to −83)

10 
(−14 to 40)

Least-squares mean difference from 
placebo

−95 
(−122 to −68)

−102 
(−128 to −76)

−98 
(−121 to −76)

— −103 
(−130 to −77)

−107 
(−133 to −81)

−105 
(−128 to −83)

—

P value <0.001 <0.001 <0.001 — <0.001 <0.001 <0.001 —

Secondary end points

Treatment response§

No. of patients 13 14 27 1 13 14 27 1

Percentage of patients (95% CI) 59 (36 to 79) 67 (43 to 85) 63 (47 to 77) 5 (0 to 23) 68 (43 to 87) 70 (46 to 88) 69 (52 to 83) 5 (0 to 25)

Difference from placebo 55 (27 to 76) 62 (34 to 82) 58 (36 to 74) — 63 (33 to 84) 65 (36 to 85) 64 (41 to 80) —

P value¶ <0.001 <0.001 <0.001 — <0.001 <0.001 <0.001 —

Mean percentage change in total symptom 
score

−42 
(−56 to −28)

−55 
(−70 to −40)

−48 
(−58 to −39)

−22 
(−37 to −7)

−49 
(−63 to −35)

−58 
(−72 to −43)

−53 
(−63 to −44)

−24 
(−41 to −8)

Least-squares mean difference from 
placebo

−20 
(−40 to 0)

−33 
(−53 to −13)

−26 
(−44 to −9)

— −26 
(−46 to −5)

−35 
(−55 to −14)

−30 
(−48 to −12)

—

P value 0.05 0.002 0.004 — 0.02 0.001 0.001 —

*  End points are shown in the order used in the prespecified hierarchical testing procedure. CI denotes confidence interval.
†  The intention-to-treat analysis included all patients who underwent randomization, with patients who had major protocol violations or missing data treated as having treatment failure. 

For patients with treatment failure, the baseline values were imputed to provide outcomes of zero percentage change.
‡  The prespecified analyses of all efficacy end points, as defined in the statistical analysis plan, were performed with the per-protocol population, which excluded patients who had major 

protocol deviations that could confound the efficacy interpretation.
§  A treatment response was defined as both a reduction of more than 30% in the total symptom score and a reduction of more than 75% in the gastrointestinal eosinophil count.
¶  P value was calculated with Fisher’s exact test.
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single-use glucocorticoid treatment for the pre-
vention or management of reactions (Tables S8 
and S9), or ongoing low-dose maintenance treat-
ment with glucocorticoids. Patients who received 
AK002 had better outcomes with respect to 
changes from baseline in every component of 
the 36-Item Short Form Survey quality-of-life 
questionnaire than did patients who received 
placebo (Fig. S7). In the open-label extension 
study, patients who received 52 weeks of AK002 
treatment had sustained tissue eosinophil deple-
tion, as well as a further decrease in the total 
symptom score (mean change, −68%; 95% CI, 
−78 to −58) (see Open-Label Extension Interim 
Results in the Supplementary Appendix).

Safety

The number of patients who had at least one 
adverse event during treatment was 39 (91%) in 
the combined AK002 group and 18 (82%) in the 
placebo group (Table 3 and Table S10). The most 
common adverse event during treatment was an 
infusion-related reaction, which occurred in 26 
patients (60%) who received AK002, as compared 
with 5 (23%) who received placebo. Most reac-

tions (93%) were mild to moderate and consisted 
of flushing, a feeling of warmth, headache, nau-
sea, or dizziness. Other adverse events during 
treatment occurred in similar percentages of 
patients in the two groups.

Serious adverse events occurred in 4 patients 
(9%) who received AK002 and in 3 (14%) who 
received placebo. The only serious adverse event 
that was deemed to be related to AK002 or pla-
cebo was a grade 4 infusion-related reaction in 
the high-dose AK002 group that led to discon-
tinuation of participation in the trial. Transient 
lymphopenia was detected after infusion in 30 of 
35 patients (86%) who received AK002 and 8 of 
17 (47%) who received placebo; none had any 
clinical consequence. The incidence of antidrug 
antibodies during treatment was balanced among 
the groups, occurring in 2 patients (10%) in the 
high-dose AK002 group, 2 patients (9%) in the 
low-dose AK002 group, and 2 patients (9%) in 
the placebo group. Antidrug antibodies had no 
effect on safety, efficacy, or histopathological 
measures. In an ongoing open-label extension 
study, the most common adverse event was mild-
to-moderate infusion-related reactions, although 

Figure 1. Change in Total Symptom Score.

Shown is the least-squares mean percentage change from baseline in total symptom score over time. The total symp-
tom score was based on a daily patient-reported outcome questionnaire. The questionnaire assessed eight individual 
symptoms (each on a scale of 0 to 10, combining to form the total symptom score): abdominal pain, nausea, vomit-
ing, early satiety, loss of appetite, abdominal cramping, bloating, and diarrhea. The total symptom score ranges from 
0 to 80, with higher scores indicating greater symptom severity. I bars indicate the standard error.
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none were observed in patients who received a 
single dose of prednisone on the day before the 
infusion (see the Supplementary Appendix).

Discussion

In this trial, AK002 was more effective than 
placebo with respect to all the prespecified pri-
mary and secondary end points. Patients who 
received low-dose or high-dose AK002 had sig-
nificant reductions in tissue eosinophil counts, 
accompanied by substantial reductions in symp-

toms, whether assessed in the predefined per-
protocol analysis or in an intention-to-treat 
analysis. AK002 treatment led to eosinophil de-
pletion in gastric, duodenal, and esophageal 
tissues. Symptomatic improvement was observed 
within a week of dosing and was maintained 
throughout the trial. AK002 also resulted in al-
leviation of dysphagia in patients with a history 
of concomitant eosinophilic esophagitis. The 
most common adverse event related to AK002 
that occurred during treatment was mild-to-
moderate infusion-related reactions; these reac-
tions occurred mostly on first infusion and were 
hypothesized to be triggered by rapid depletion 
of blood eosinophils through antibody-depen-
dent cellular cytotoxicity. Studies of other infused 
monoclonal antibodies that deplete cells through 
antibody-dependent cellular cytotoxicity have also 
shown infusion-related reactions.32,33 Reactions 
were less frequent or did not occur with contin-
ued AK002 treatment, a finding that may have 
reflected lower blood eosinophil levels after 
AK002 treatment. Other adverse events occurred 
in similar percentages of patients in the AK002 
group and the placebo group. Long-term treat-
ment with AK002 in the ongoing open-label ex-
tension study resulted in further symptomatic 
improvements and sustained depletion of tissue 
and blood eosinophils. In the open-label exten-
sion study, infusion-related reactions were not 
seen in patients who received a single dose of 
oral prednisone the day before the first infusion.

There are no FDA-approved therapies for eo-
sinophilic gastritis or duodenitis, and limited 
published studies are available for comparison. 
The current standard of care consists of topical 
and systemic glucocorticoids, diet modification, 
or both. Systemic and topical glucocorticoids 
have been reported to reduce symptoms, but 
their toxicity limits long-term use.1,2,13,15,34,35 Data 
from studies of dietary therapy for eosinophilic 
gastritis and duodenitis are difficult to interpret 
because of their small sample sizes and incon-
sistent results, but efficacy is not universal, and 
adherence is difficult. Off-label use of biologics 
(e.g., targeting IgE, the interleukin-5 pathway, or 
integrins) has been shown to reduce tissue eo-
sinophilia, but reductions in symptoms have not 
been shown consistently.1,36,37 In our trial, 20% 
of the patients who underwent randomization 
had no previous diagnosis of eosinophilic gastri-
tis or duodenitis. The majority (10 of 13) of these 

Table 3. Adverse Events (Safety Population).

Adverse Event
AK002 

(N = 43)
Placebo 
(N = 22)

no. of patients (%)

Any serious event 4 (9)* 3 (14)†

Any event during treatment that occurred  
in ≥5% of patients in either group

39 (91) 18 (82)

Infusion-related reaction‡ 26 (60) 5 (23)

Headache 4 (9) 2 (9)

Upper respiratory tract infection 4 (9) 2 (9)

Urinary tract infection 4 (9) 1 (5)

Nausea 3 (7) 3 (14)

Fatigue 3 (7) 2 (9)

Diarrhea 2 (5) 2 (9)

Nasopharyngitis 2 (5) 2 (9)

Abdominal pain 1 (2) 2 (9)

Dehydration 1 (2) 2 (9)

Viral gastroenteritis 1 (2) 2 (9)

Pyrexia 1 (2) 2 (9)

Sinusitis 1 (2) 2 (9)

Cough 0 2 (9)

Influenza 0 2 (9)

Increase in white-cell count 0 2 (9)

*  The serious adverse events that occurred in the combined AK002 group were 
moderate hypoxia and moderate chest pain (classified as a serious adverse 
event because the patient was hospitalized) in 1 patient, abdominal pain in  
1 patient, dehydration in 1 patient, and anemia and a grade 4 infusion-related 
reaction in 1 patient. The only serious adverse event that was deemed to be 
related to AK002 was the infusion-related reaction.

†  The serious adverse events that occurred in the placebo group were mild dehy-
dration in 1 patient (classified as a serious adverse event because the patient 
was hospitalized), severe anemia in 1 patient, and a change in mental status  
in 1 patient.

‡  Infusion-related reactions included flushing, a feeling of warmth, headache, 
nausea, or dizziness. Infusion-related reactions predominantly occurred on 
the first or second infusions, in which patients in both AK002 groups received 
identical doses, and the number of infusion-related reactions was numerically 
higher in the low-dose group (Table S10).
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chronically symptomatic patients came from 
nonacademic, community sites. This suggests 
that these conditions may not be as rare as pre-
viously described and adds urgency to the need 
for a safe, effective treatment.

AK002 depletes eosinophils and inhibits mast-
cell activity; consequently, the combined activity 
could explain the histologic and clinical improve-
ments observed in this trial. Although eosino-
phils have long been recognized as being patho-
genic in eosinophilic gastrointestinal diseases, 
mast cells also may contribute to disease patho-
genesis.5,24,38 Evidence supporting a key role for 
mast cells includes the presence of activated mast 
cells at elevated levels in biopsy specimens from 
patients with eosinophilic gastritis, duodenitis, 
or esophagitis4-11 and the high incidence of al-
lergic coexisting conditions, such as rhinitis, 
asthma, and atopic dermatitis, among patients 
with eosinophilic gastrointestinal disease.1-3,12-14,17 
The effect of AK002 on both eosinophils and 
mast cells makes it a potential therapeutic can-
didate for eosinophilic gastritis, duodenitis, and 
esophagitis and for a variety of allergic and in-
flammatory conditions.

One limitation of this trial was the small 
sample size. Therefore, there were numeric dif-
ferences in baseline characteristics between the 
AK002 and placebo groups (i.e., sex, primary 
diagnosis, and blood eosinophil count). However, 
post hoc subgroup analyses did not indicate that 
any of these differences in baseline characteris-
tics favored a response to AK002, and current 
literature does not suggest that sex or primary 
disease location influences outcomes. Larger 
studies are necessary to assess the safety and 
efficacy of AK002. An additional limitation was 
the potential confounding factor of single-use 
glucocorticoid treatment to manage infusion-
related reactions. Post hoc analyses showed 
similar improvements with respect to all efficacy 

end points regardless of whether infusion-related 
reactions occurred or glucocorticoids were used. 
The fact that we did not perform esophageal 
biopsies in all patients was also a limitation, 
since we may not have captured possible con-
comitant esophageal eosinophilia in patients who 
did not have a previous diagnosis of eosino-
philic esophagitis. Although long-term suppres-
sion of eosinophils could, in theory, increase the 
risk of helminth infection, this has not been 
seen in studies of AK002 to date, nor has this 
been seen or reported in the clinical develop-
ment or postmarketing use of other eosinophil-
depleting agents. Longer-term treatment with 
AK002 in larger number of patients is necessary 
to assess this safety concern.

In this phase 2 trial, AK002 treatment re-
duced gastrointestinal eosinophil burden and 
led to reductions in symptoms in adult patients 
with eosinophilic gastritis, eosinophilic duodeni-
tis, or both conditions, as compared with placebo. 
A phase 3 trial of AK002 in patients with eosino-
philic gastritis or duodenitis (NCT04322604) and 
a phase 2–3 trial involving patients with eosino-
philic esophagitis (NCT04322708) are currently 
under way.
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