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Background: Eosinophilic esophagitis (EoE) is a chronic allergic
disease with limited treatment options.
Objective: We evaluated QAX576, an mAb against IL-13, in the
treatment of patients with EoE.
Methods: Patients (18-50 years) with proton pump inhibitor–
resistant esophageal eosinophilia received intravenous QAX576
(6 mg/kg) or placebo (2:1) at weeks 0, 4, and 8 and were followed
for 6 months. The primary end point was the responder rate for
a greater than 75% decrease in peak eosinophil counts at week
12. Efficacy was to be declared if the lower 90% confidence limit
for the proportion of responders on QAX576 was 35% or
greater. Secondary end points included changes in esophageal
eosinophil counts, symptoms assessed by questionnaire scores,
and quantification of a series of biomarkers.
Results: Twenty-three patients completed the study up to week
12, and 18 continued to the end of the study. For the proximal
and distal esophageal biopsies combined, the responder rate was
12.5% (90% confidence limit, 1% to 43%) with placebo,
compared to 40.0% (90% confidence limit, 22% to 61%) with
QAX576. Although the primary end point was not met, the

mean esophageal eosinophil count decreased by 60% with
QAX576 versus an increase of 23% with placebo (P5 .004), and
the decrease was sustained up to 6 months. There was a trend
for improved symptoms, particularly dysphagia. QAX576
improved expression of EoE-relevant esophageal transcripts,
including eotaxin-3, periostin, and markers of mast cells and
barrier function, for up to 6 months after treatment. QAX576
was well tolerated.
Conclusions: QAX576 significantly improved intraepithelial
esophageal eosinophil counts and dysregulated esophageal
disease–related transcripts in adults with EoE in a sustained
manner. (J Allergy Clin Immunol 2014;nnn:nnn-nnn.)
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Eosinophilic esophagitis (EoE) is an emerging chronic gastro-
intestinal disorder characterized by marked esophageal eosino-
philia that is etiologically linked to immune hypersensitivity to
dietary antigens and persists fromchildhood into adulthood.1,2 EoE
is increasing in prevalence, with rates as high as 1:2500 children,3,4

and is now the leading cause for proton pump inhibitor–resistant
dysphagia and food impaction in adults.5,6 EoE represents the
most common of the eosinophilic gastrointestinal disorders, which
collectively have substantial morbidity and are associated with the
lowest quality of life compared with that seen in patients with a se-
ries of other chronic pediatric diseases.7 The high response rate to
elimination diets, especially amino acid–based elemental diets,
and the frequent recurrence of disease with food reintroduction
imply that EoE is mediated by means of immune sensitization to
foods, although skin testing is not typically helpful. Indeed, exper-
imental EoE in mice can be induced by exposure to dietary or
inhaled allergens8 or IL-13,9,10 a TH2-associated cytokine, through
a variety of entry points, including the skin,11 respiratory, and
gastrointestinal tracts. Consistent with an allergic etiology, swal-
lowed glucocorticoids are effective for the treatment of EoE and
elicit local changes in esophageal gene expression,12 but there
are substantial rates of glucocorticoid resistance,13 relapse during
therapy, or both, necessitating better treatment.14

In addition to being sufficient to induce EoE-like responses in
mice,10,15 IL-13 is induced 16-fold in the esophagi of patients
with EoE and can induce a series of EoE-related transcripts in
esophageal epithelial cells ex vivo.16 Furthermore, mice deficient
in IL-13 or the IL-13–signaling molecule signal transducer and
activator of transcription 6 are protected against EoE features,
including allergen-induced esophageal eosinophilia in murine
models.11 These data provided the rationale for this exploratory
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Abbreviations used

CPA3: Carboxypeptidase A3

DSG1: Desmoglein-1

EGD: Esophagogastroduodenoscopy

EoE: Eosinophilic esophagitis

hpf: High-power field

MDQ: Mayo Dysphagia Questionnaire

PRO: Patient-reported outcome

SAE: Serious adverse event

proof-of-concept study, which was designed to determine the
safety and efficacy of neutralizing IL-13 in patients with EoE.

QAX576 is a highly potent and specific inhibitor of human IL-
13 activity in cell-based in vitro assays. It completely inhibits eo-
taxin production from human lung fibroblasts induced by human
recombinant IL-13, as well as the activity of human T cell–
secreted IL-13, demonstrating its ability to neutralize native IL-
13. We evaluated the effects of QAX576 in adults with active
EoE. QAX576 significantly improved intraepithelial esophageal
eosinophil counts and levels of esophageal disease–related tran-
scripts in patients with EoE and demonstrated trends for improved
symptoms.

METHODS

Study design
An overview of the study is presented in Fig 1, A. In brief, patients under-

went a screening esophagogastroduodenoscopy (EGD) and baseline evalua-

tions, followed by 2:1 randomization to the study medication or placebo.

The study drug was administered at weeks 0, 4, and 8, and EGD was repeated

4 weeks after the last dose. The patients were followed up for 6 months. Re-

sponders who relapsed had the option to enter an open-label extension with

3 moremonthly doses of QAX576. At the end of the study, EGDwas repeated.

A list of investigators and further details on study design are provided in

Appendix E1 and the Methods section in this article’s Online Repository at

www.jacionline.org.

Patients
Male or female patients (non-childbearing potential) aged between 18 and

50 years with active EoE were eligible to participate in the study. Required

histologic findings on esophageal biopsy included peak eosinophil density of

24 cells or greater per high-power field (hpf; 3400 magnification) in the

proximal or distal esophagus validated by a central laboratory pathology

service (Quintiles Laboratories, Marietta, Ga). The inclusion and exclusion

criteria are given in detail in the Methods section in this article’s Online

Repository.

Study treatments
Eligible patients were randomly assigned in a 2:1 ratio to receive either

intravenous infusions of QAX576 (6 mg/kg) or placebo over 2 hours. The

study medication was administered every 28 days for a total of 3 doses, after

which patients were observed for an additional 6 months. Further details are

provided in the Methods section in this article’s Online Repository.

Efficacy: Histology
The primary end point measure was the proportion of patients with a 75%

reduction in peak esophageal eosinophil counts in the proximal and distal

esophageal biopsy specimens combined 4 weeks after the last dose of study

medication (day 85) compared with baseline values. Efficacy was to be

declared if the lower 90% confidence limit for the proportion of responders

receiving QAX576 was 35% or greater. The assessments were made primarily

by 1 pathologist whowas blind to the treatment assignment. Further details are

provided in the Methods section in this article’s Online Repository. Absolute

and percentage changes in peak and mean eosinophil counts from baseline to

day 85 were the key secondary end points.

Other secondary end points
Efficacy: Symptoms. Because an EoE-specific patient-reported

outcome (PRO) instrument was not available at the time of this study,

symptomswere captured by using theMayoDysphagia Questionnaire (MDQ)

with a 2-week recall period17 because dysphagia is the predominant symptom

in adults with EoE (see the Methods section and Tables E1 and E2 in this ar-

ticle’s Online Repository at www.jacionline.org).

Efficacy: Molecular. The EoE transcriptome before and after study

medication (QAX576 and placebo) was compared by using the NanoString

nCounter technology (NanoString Technologies, Seattle, Wash) for direct

multiplexed measurement of gene expression. Biopsy tissue collected for

RNA extraction was immersed in 1 mL of RNAlater. RNAwas isolated with

the Qiagen RNeasyMicro Kit (Qiagen, Hilden, Germany) and analyzed by the

Biomarker Development group at Novartis (Basel, Switzerland). Further

details of the transcriptomic methods are presented in the Methods section in

this article’s Online Repository.

Circulating protein biomarkers and histochemistry.
Quantitative determination of periostin was performed by means of liquid

chromatography2mass spectrometry. Histochemical staining for collagen,

periostin, and eotaxin was performed. The details of these methods are

presented in the Methods section in this article’s Online Repository.

Statistical methods
The primary variable was the proportion of responders, who were defined

as subjects exhibiting a reduction of 75% or more in peak eosinophil count per

hpf (distal and proximal esophagus combined) from baseline to day 85.

Two-sided 90% CIs were calculated by using Agresti-Coull CIs for

binomial proportions. Furthermore, between-treatment comparison with

respect to the proportion of responders was assessed by using the Fisher

exact test and associated P values.

Key secondary end points were the absolute and percentage change in peak

and mean values from baseline to day 85. These were assessed by fitting an

analysis of covariance model and adjusting for the baseline value. Two-sided

90% CIs of the treatment estimate and corresponding P values are presented.

Treatment difference in clinical symptoms, as determined by using the MDQ,

was analyzed with theWilcoxon rank sum test. The molecular expression pro-

file and transcript dysregulation were obtained by using NanoString and quan-

tified by means of bioinformatics analysis (see the Methods section and Table

E3 in this article’s Online Repository at www.jacionline.org).

Residuals were examined to ensure the models were appropriate. No a

adjustments were performed because this was an exploratory study.

Sample-size calculations showed that with a minimum of 12 patients

receivingQAX576, if at least 7 patients responded to treatment, then the lower

CI would be greater than the desired 0.35 limit. This was regarded as sufficient

evidence that QAX576 would have an effect in the treatment of patients with

EoE. In addition, approximately 7 patients with EoE were to be included on

placebo for the interpretation of safety and tolerability aspects in this study. In

total, 21 subjects were to be randomized in this study at a 2:1 (QAX576/

placebo) ratio to allow for dropouts.

RESULTS

Study population
Twenty-five patients were randomized: 17 received QAX576,

and 8 received placebo. Two patients receiving QAX576 were
withdrawn after 1 dose, one because of a positive drug screen, and
the other because of a non–drug-related serious adverse event
(SAE). Twenty-three patients completed the day 85 assessments.
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Eighteen patients continued for an additional 5 months (ie, for 6
months after the last dose), with 2 receiving open-label study
medication (Fig 1, B). The characteristics of the study patients are
summarized in Table I. The placebo and QAX576 cohorts were
similar in terms of baseline characteristics. The mean age of the
patients was 30.3 6 9.9 years (mean 6 SD); 96% were male,
and 96% were white. All patients had peak counts of 24 or
more eosinophils/hpf in the esophageal biopsy specimens at base-
line. For the population as a whole, peak eosinophil counts ranged
from 38 to 200 eosinophils/hpf (mean, 89.8 eosinophils/hpf), and
the mean eosinophil count ranged from 10 to 98 eosinophils/hpf
(mean, 36.6 eosinophils/hpf). Dysphagia was the predominant
symptom in 78% of patients, with 72% of patients reporting
this as moderate or severe. Fifty-seven percent of the patients
had previously been taking swallowed glucocorticoids, and
62% of these patients were reported as resistant to steroids. Seven
subjects receiving placebo and 8 receiving QAX576 were taking
proton pump inhibitors or H2-receptor blockers during the study,
but none started new treatment with these agents between days 1
and 85.

Efficacy: Histology
As the primary end point of the study, the proportion of

responders was 40% (90% CI, 22% to 61%) with QAX576 and
13% (90%CI, 1% to 43%) with placebo. There was no significant
difference between the 2 treatment groups with respect to the
proportion of responders (P 5 .3452) based on a 2-sided Fisher
exact test.

Eosinophil load (mean count of the proximal and distal
esophagus) decreased by 60.0% in the QAX576-treated group
compared with an increase of 23.3% in the placebo group. The
statistical analysis of covariance indicated that the absolute
difference between the QAX576 and placebo groups in the
percentage change in mean eosinophil count was 87%. The
90% CI of the true difference ranged between 41% and 133%
(P5 .004). The individual changes in absolute eosinophil counts
are shown in Fig 2, A and B, and the percentage changes from
baseline are shown in Fig 2, C. Notably, the response was main-
tained up to the end of the study (ie, 6 months after the last
dose of study drug) in the majority of the QAX576-treated pa-
tients (Fig 2, A and B).

FIG 1. Study design and patient disposition. The overall study design (A) and patient disposition during the

study (B) are presented. EoS, End of study.
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Efficacy: Symptoms
The ‘‘sum change in MDQ scores’’ for individual patients for

the subset of questions relevant to EoE is shown in Fig E1 in this
article’s Online Repository at www.jacionline.org. The estimated
difference between treatments in the change in MDQ score was
1.8 (P 5 .30). There were trends for improved frequency and
severity of dysphagia in the QAX576-treated patients (see Fig
E2 in this article’s Online Repository at www.jacionline.org).
Eight of the 10 symptom responders receiving QAX576 also
had a decrease in esophageal eosinophil counts compared with
4 of the 5 symptom nonresponders.

Efficacy: Molecular
By using the day 85 transcriptome as the primary comparison

point, there was a cluster of 29 EoE genes (of 91 screened) that
exhibited a statistical significance between day 85 placebo-
treated compared with QAX576-treated samples (P < .05, fold
change >1.5). Overall expression profiles of these 29 significant
genes are shown in Fig 3, A, by using averaged heat diagrams
with gene symbols and dysregulation scales. The 2 groups of pa-
tients before therapy were equivalent. The QAX576 group
showed a marked improvement compared with the placebo
group at both day 85 and at the end of the study, demonstrating
sustained molecular efficacy of QAX576 in the majority of the
patients (see Fig E3 in this article’s Online Repository at
www.jacionline.org). Of note, there was a universal improve-
ment in the cardinal EoE genes, such as CCL26 (eotaxin-3),
TNFAIP6 (tumor necrosis factor, alpha-induced protein 6),
CPA3 (carboxypeptidase A3; mast cell product), ALOX15
(arachidonate 15-lipoxygenase), SLC26A4 (solute carrier family
26, member 4), LRRC31 (leucine rich repeat containing 31), and
the epithelial chemokines CXCL1/CXCL6 (chemokine [C-X-C
motif] ligand 1/6), as well as genes implicated in tissue remod-
eling, such as COL8A2 (collagen, type VIII, alpha 2), POSTN

(periostin), and several keratins. QAX576 also increased the
levels of DSG1 (desmoglein-1), a gene product markedly
decreased in the esophagi of patients with EoE and shown to
be involved in the impaired barrier function of the esophagus
that is characteristic of EoE,18 corroborating the previous
finding that IL-13 can directly regulate these genes in the esoph-
ageal cells ex vivo. As a representative summary of EoE signa-
ture reversal by IL-13 neutralization at day 85, there was
expression reversal of a cluster of principle pathogenic EoE
genes (Fig 3, B), namely eotaxin-3 (CCL26) for eosinophil
chemotaxis, POSTN for tissue remodeling/fibrosis, CPA3 for
mastocytosis, and DSG1 for epithelial barrier integrity.

By measuring the response (as determined by the change in
mean eosinophil counts), we aimed to identify baseline transcripts
that would predict responsiveness to QAX576. By using statistical
screening (P < .05, fold change > 1.5), 3 genes were found to
be associated with subsequent anti–IL-13 responses, namely
CXCL1, CXCL6, and DHRS9 (dehydrogenase/reductase member
9), with 4.0-fold, 3.6-fold, and 21.8-fold changes in nonre-
sponders versus responders, respectively (Fig 3, C). Interestingly,
both CXCL1 and CXCL6 are epithelium-derived chemokines that
are associated with QAX576 efficacy (Fig 3, A) and used by a mo-
lecular diagnostic panel reported recently aswell-recognized upre-
gulated EoE genes.19

In light of all 29 unique genes associated with QAX576 efficacy
at day 85,we carried out a comprehensive pathway analysis aiming
to elucidate the protein-protein interaction network in the context
of the existing literature.20 As shown in Fig 3,D (and see Fig E4 in
this article’s Online Repository at www.jacionline.org for higher
resolution), it is notable that the interaction network consists of
several key nodes serving as organization centers, namely DDP4
(dipeptidyl-peptidase 4) for chemokine regulation, B2M (beta-2
microglobulin) for antigen presentation,DSG1 for barrier integrity,
NTRK1 (neurotrophic tyrosine kinase, receptor, type 1) for epithe-
lial differentiation, KRT14/16 (keratin 14/16) for epithelial cell
proliferation and inflammation, CA2 (carbonic anhydrase II) for
ion-channel/epithelial homeostasis, and TNFAIP6/CXCL1/
CXCL6 cluster for immunoinflammation. Indeed, most of these
processes have been demonstrated to be critically involved with
mounting allergic inflammation, particularly in the context of
EoE, suggesting a broad efficacy range of anti–IL-13 intervention.

Biomarkers
Therewas no relationship between blood eosinophil counts and

QAX576 treatment. Baseline and day 85 serum periostin levels
were available for 14 subjects receiving QAX576 and 8 subjects
receiving placebo. At baseline, the mean periostin level for the
placebo group was 79.8 ng/mL (range, 42.7-151.0 ng/mL), and
that for the QAX576-treated group was 91.4 ng/mL (range, 34.5-
241.3 ng/mL). In both treatment groups there was a modest (not
statistically significant) increase in periostin levelswith treatment,
which gradually decreased toward baseline values by the end of
the study. There was no clear correlation of the baseline periostin
levels or the change from baseline in periostin levels to eosinophil
counts on the esophageal biopsy specimens at day 85. Of the
subjects in the QAX576-treated group, those who had baseline
periostin levels of greater than the median value (64.1 ng/mL) had
a 71.4% response rate (in terms of a 75% reduction in the peak
eosinophil count for the distal and proximal esophageal biopsy
specimens combined) in contrast to a 14.3% response rate in

TABLE I. Baseline characteristics

Subjects

QAX576, 6 mg/kg

(n 5 17)

Placebo

(n 5 8)

Total

(n 5 25)

Age (y)

Mean (SD) 30.7 (9.58) 29.5 (11.22) 30.3 (9.92)

Range 18-45 18-48 18-48

Sex, no. (%)

Male 16 (94.1) 8 (100.0) 24 (96.0)

Female 1 (5.9) — 1 (4.0)

Race, no. (%)

White 16 (94.1) 8 (100.0) 24 (96.0)

Black 1 (5.9) — 1 (4.0)

Weight (kg)

Mean (SD) 85.4 (20.7) 81.6 (19.8) 84.2 (20.1)

Height (cm)

Mean (SD) 178.2 (6.7) 175.9 (8.1) 177.4 (7.1)

BMI (kg/m2)

Mean (SD) 26.8 (5.6) 26.2 (5.3) 26.6 (5.4)

Peak eosinophil

count/hpf*

Mean (range) 88.2 (48-200) 91.3 (38-130) 89.2 (38-200)

Mean eosinophil

count/hpf*

Mean (range) 35.4 (10-98) 39.1 (13-82) 36.6 (10-98)

*For proximal and distal esophageal biopsy specimens combined.
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FIG 2. Changes in eosinophil counts during the study. Individual changes in peak eosinophil counts (A),

mean eosinophil counts (B), and percentage change in eosinophil counts (C) from baseline to the end of

the study (proximal and distal esophagus combined) are shown. BAS, Baseline; EOS, end of study.
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subjects with periostin levels of less than the median (P 5 .10,
Fisher exact test). There was no trend discernible with serum
levels of eotaxin-1 and eotaxin-3, which were largely less than
the limit of quantification. Tissue eotaxin-3 protein levels
decreased in all the subjects treated with QAX576 (see Table E4
in this article’s Online Repository at www.jacionline.org).

Safety
QAX576 was generally well tolerated. The most common

adverse events were cough and reflux symptoms (Table II), but no
specific adverse event appeared to be consistently more common
in the QAX576 group than in the placebo group. Two SAEs were
reported, one in the placebo group and one in the QAX576 group;
neither was considered to be related to the study medication. The
SAE that was reported in the QAX576-treated patient was an

asymptomatic cyst-like lesion in the right calf that predated
enrollment in the study, but upon subsequent investigations, it
turned out to be a spindle cell sarcoma. This patient was with-
drawn after the first dose of QAX576.

DISCUSSION
We report the first study with QAX576, a fully human anti–

IL-13 mAb, for the treatment of EoE. Although a preliminary
phase II study, it demonstrates that (1) QAX576 reduces the
intraepithelial eosinophil count in the esophagus, as measured by
the mean value; (2) the effect is sustained for an additional 6
months after the third monthly infusion of the drug in the
majority of subjects; (3) QAX576 improves the expression of a
large set of esophageal transcripts involved in EoE, including
eotaxin-3, periostin, markers of tissue remodeling, and mast

FIG 3. Molecular efficacy of anti–IL-13/QAX576 intervention. Biopsy specimens taken from the esophagus

were subjected to NanoString-based transcriptome assay. A, Among the 91 known EoE genes screened, the

29 transcripts shown in theheat diagramwere significantly differentwhen comparingday 85placebo-treated

andQAX576-treated samples (P < .05, fold change > 1.5, 2-tailed t test). Data are from the normalizedmedian

value and the average value of all patients in the same cohort. The expression patterns at the end of the study

are also shown.B,Among the 29 genes in Fig 3,A, 4 representative genes cardinal for EoE pathogenesiswere

chosen to establish a bidirectional bar chart illustrating the effect of anti–IL-13 at day 85. Results for placebo

versus anti–IL-13 (mean 6 SEM) are shown. *P < .05 and ***P < .001, 2-tailed t test. Difference in the Log2

median-normalized ratio indicates fold change. C, Biopsy RNA samples in the QAX576 group were screened

at baseline on the basis of their subsequent responses to QAX576 in terms of mean esophageal eosinophil

counts. Three significant genes (mean6 SEM: P < .05, fold change >1.5, 2-tailed t test, responders vs nonre-
sponders) are shown in the bar chart, demonstrating the prediction power at baseline to subsequent

response to anti–IL-13. A heat diagram is exhibited at the top panel to illustrate the fold change. D, Using

the 29 genes in Fig 3, A, as input, a comprehensive pathway analysis was performed, focusing on protein-

protein interactions. The network demonstrates several communication centers (shown as blue nodes)

contributing to most of the organization/regulating functions (D). The different levels of red indicate the sta-

tistical strength of the interaction; the darker red is more significant.
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cell–specific markers, and changes in impaired barrier function
genes; (4) the changes in gene expression were present in nearly
all patients, regardless of their remission status, and were
sustained for 6 months after the last QAX576 dose; and (5)
QAX576 was well tolerated. In addition, there were trends for
improved clinical symptoms, particularly in the severity of
dysphagia, and trends that showed the association of high levels
of serum periostin with drug responsiveness. Periostin can
directly enhance eosinophil adhesion,21,22 as well as increase
keratinocyte production of thymic stromal lymphopoietin,23 a
potent TH2-skewing cytokine that has been genetically linked
to EoE susceptibility.24,25 It is notable that high serum periostin
levels have been shown to be predictive of responsiveness of
asthmatic patients to biological therapies26 and to track with
lung eosinophil levels,27 highlighting the IL-13–periostin–eosin-
ophil axis. It is interesting to note that although the transcriptome
was assessed in esophageal mucosal biopsy specimens, which
contain eosinophils and other inflammatory cells that express
many of the genes evaluated, the ability of QAX576 to alter
genes involved in diverse functions (eg, remodeling and epithe-
lial barrier), as well as specific cellular signatures (eg, mast
cells), highlights the likely pleiotropic effect that IL-13 has on
multiple cell types, which is consistent with prior whole-tissue
transcriptome analysis.28 These preliminary findings merit repli-
cation in a larger and more generalized study population because
the current study size was small and consisted mostly of young
white male subjects in whom conventional intervention (diet or
topical steroids) had largely failed. These future studies should
also incorporate the lessons learned (eg, selecting patients based
on biomarkers) from other biological agents for the treatment of
other allergic diseases.29

Although the primary end point of this study was not met, it is
important to note that the threshold for this change in eosinophil
counts was empirically chosen at a 75% reduction of the peak
eosinophil level. The threshold of esophageal eosinophil counts

has not been established. In fact, after the study was initiated, it
has been proposed that mean eosinophil values might more
likely reflect the ‘‘eosinophil load’’ compared with peak
values.30 We are encouraged that the observed change in eosin-
ophil counts was associated with notable trends for improved
clinical outcomes, even using a PRO instrument that is not spe-
cific for EoE.

To date, early clinical trials with targeted therapy for EoE,
including anti-IgE,31 anti–IL-5,32,33 and chemoattractant
receptor-homologous molecule expressed on TH2 cells antago-
nists,34 have shown only modest beneficial effects, with substan-
tial patient heterogeneity. Even recent studies with swallowed
glucocorticoids have revealed substantial patient heterogeneity,
with some patients being completely steroid resistant.13 Never-
theless, our findings demonstrate that the EoE transcriptome is
markedly reversed by anti–IL-13 in the large majority of the pa-
tients (see Fig E3), regardless of the clinicopathologic improve-
ment observed. This establishes that (1) IL-13 is more or less
uniformly operational in patients with EoE; (2) the effected
genes are downstream from IL-13; (3) the cardinal eosinophil
chemokine eotaxin-3,16 the remodeling and TH2-promoting
gene periostin,21 and ALOX12 and ALOX15 are IL-13 dependent
in vivo and promote tissue remodeling35,36; (4) expression of
CPA3, which is a marker of the esophageal mast cells involved
in EoE,28 is markedly downregulated by QAX576; and (5)
anti–IL-13 has the potential to improve barrier integrity because
values of DSG1 and epithelial differentiation genes were
improved after therapy. The observed long-term effects of
QAX576 (6 months after the last dose), including those on
expression of genes involved in tissue remodeling, might argue
for a potential additive effect and/or advantage over long-term
treatment compared with other therapeutics, including cortico-
steroids. Although these findings are encouraging and informa-
tive in terms of the molecular action of IL-13, they were not
accompanied by comparable generalized clinicopathologic im-
provements, calling attention to better understanding of the rela-
tionship between these findings and/or more effective use of
QAX576 (eg, in patient subgroups with adjuvant therapy). It is
important to note that the majority of patients enrolled in this
study were refractory to conventional therapy (diet, glucocorti-
coids, or both) and therefore might represent a difficult-to-treat
group. Finally, the combined patient heterogeneity and small
sample size undoubtedly reduced the ability to prove some of
the observed trends.

Taken together, we have provided proof of principle that
QAX576 significantly improves intraepithelial esophageal eosino-
phil counts and dysregulated esophageal disease–related transcripts
in adults with EoE. These results, combined with the observed
trends for improved clinical responses, highlight the importance of
further examining the effect ofQAX576andother related biological
therapeutics for the treatment of EoE by using a PRO that is specific
for EoE,37which is currently being developed. This study also dem-
onstrates that a specific anti–IL-13 antibody can alter the biology of
a human TH2-driven disease at the molecular level in a relevant tis-
sue, which provides confidence in the anti–IL-13 approach treat-
ment of other TH2-driven diseases.

Sample management, sample analysis, and technical assistance were

provided by Martin Letzkus, Urs Affentranger, Aur�elie Seguin, Tiziana

Valensise, Stephan Bek, Junli Yu, and Shenglin Ma of the Biomarker

Development Group of Novartis Institutes for Biomedical Research. Editorial

TABLE II. Adverse events (all subjects) listed by frequency

(number [percentage]) of subjects

QAX576, 6 mg/kg

(n 5 17), no. (%)

Placebo (n 5 8),

no. (%)

Subjects with AE(s) 10 (58.8) 5 (62.5)

Cough 4 (23.5) 1 (12.5)

Nasal congestion 3 (17.6) 2 (25.0)

Oropharyngeal pain 3 (17.6) 2 (25.0)

Gastroesophageal reflux disease 4 (23.5) 0 (0.0)

Headache 3 (17.6) 1 (12.5)

Nausea 3 (17.6) 1 (12.5)

Chills 2 (11.8) 1 (12.5)

Contusion 2 (11.8) 1 (12.5)

Vomiting 2 (11.8) 1 (12.5)

Arthralgia 1 (5.9) 1 (12.5)

Back pain 1 (5.9) 1 (12.5)

Dermatitis 2 (11.8) 0 (0.0)

Dizziness 1 (5.9) 1 (12.5)

Fatigue 2 (11.8) 0 (0.0)

Ligament sprain 1 (5.9) 1 (12.5)

Nasal mucosal discoloration 2 (11.8) 0 (0.0)

Pyrexia 2 (11.8) 0 (0.0)

Sinus congestion 2 (11.8) 0 (0.0)

Sinusitis 1 (5.9) 1 (12.5)

Tonsillolith 0 (0.0) 2 (25.0)

AE, Adverse event.
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support was provided by Saurabh Aggarwal, Senior ScientificWriter, Medical

Communications, Novartis.

Clinical implications: QAX576 improved esophageal eosinophil
counts and expression of geneticmarkers ofmastocytosis, eosin-
ophil chemotaxis, tissue remodeling, and barrier function; these
findings have implications for disease modification in patients
with EoE and similar TH2-driven diseases.
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Appendix 1: Study investigators21

Site 1 Marc E. Rothenberg MD, PhD, Principle Investigator, Cincinnati Children's Hospital Medical Center22
Division of Allergy and Immunology23
3333 Burnet Avenue24
ML7028, Cincinnati, OH 4522925

26
Number of patients recruited=927

28
29

Site 2 Ikuo Hirano, MD, Principle Investigator, Northwestern University30
Feinberg School of Medicine31
676 North Saint Clair32
Suite 140033
Chicago, IL 6061134

35
Number of patients recruited=336

37
38

Site 4 Kari Nadeau, MD, PhD, Principle Investigator, Stanford University Medical Center39
Division of Immunology and Allergy40
Grant Building41
3rd Floor, S37042
MC5208, Stanford, CA43

44
Number of patients recruited=145

46
47

Site 5 Oral Alpan, MD, Principle Investigator, O & O Alpan LLC48
6212 Old Keene Mill49
Court, Springfield, VA 2215250

51
&52

53
11212 Waples Mill54
Road, Suite 10055
Fairfax, VA 2203056

57
Number of patients recruited=1258
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Appendix 2: Methods59

Study design60

The study was conducted in compliance with the International Conference on Harmonization61

and the Principles of Good Clinical Practice, at four sites in the United States. The study62

protocol was reviewed and approved by each site’s institutional review board. The first patient63

was enrolled in December 2009, and the last patient completed the study in January 2012.64

Inclusion criteria as per study protocol65

1. Male and female subjects with symptomatic eosinophilic esophagitis aged 18 to 50 years.66

2. Female subjects were required to be:67

 Surgically sterilized at least 6 months before study participation (documentation of68

sterilization to be provided);69

OR70

 Postmenopausal (no regular bleeding for at least 2 years) status must be confirmed71

by a plasma FSH level of >40 IU/L at screening or baseline.72

Note: A pregnancy test was to be performed on all female subjects regardless of reported73

reproductive status at specified time points throughout the study.74

3. Histological findings on esophageal biopsy to include peak eosinophil density ≥24 per HPF75

(400x) in the proximal or distal esophagus validated by a central laboratory pathologist76

(Quintiles Laboratory).77

4. Elimination diet must either:78

• Not be indicated following allergy evaluation including skin prick testing with79

multiple food antigens. The type of allergy testing will be determined at the80
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discretion of clinical staff allergists.81

OR82

• Have been refused to be followed by subjects.83

OR84

• Have undergone a minimum of 3 months of elimination diet as indicated by skin85

prick testing without detectable resolution by repeat endoscopy with biopsies,86

demonstrating persistent EoE or subject refusal to follow elimination diet.87

5. Subjects treated with a proton pump inhibitor (PPI) must have been on treatment for at88

least 2 months before enrollment. The PPI must be used before endoscopy to rule out the89

possibility of GERD in the proximal or distal esophagus.90

6. Failure of histological improvement is defined as eosinophil density ≥24 per HPF (400x) after91

2 months treatment with a PPI or documented by prior endoscopy.92

OR93

Lack of complete disappearance of symptoms.94

7. Subjects had to be able to communicate well with the investigator, to understand and95

comply with the requirements of the study and also to understand and sign the written96

informed consent.97

Exclusion criteria as per study protocol98

1. Subjects have received systemic corticosteroid therapy, by any route of administration,99

within 3 months before dosing or have received topical corticosteroids (swallowed100

aerosolized fluticasone or budesonide) within 2 months before dosing.101

2. Comorbid eosinophilic disorders (other than atopic dermatitis not requiring chronic steroid102

therapy).103
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3. History of exposure to human therapeutic antibody, immunoglobulin, or other plasma104

product within 6 months of dosing (e.g., Xolair®).105

4. History of clinical schistosomiasis, or stool examination positive for ova or parasites or travel106

within the preceding 6 months to an area with endemic schistosomiasis, including but not107

limited to Southeast and Southwest Asia, South America, and Africa. Travel to these areas108

was not to be planned for at least 6 months after the last dose.109

5. Subjects who have not had a trial of PPI or prior allergy testing/elimination diet and who did110

not fulfill entry criteria after PPI or initiation of elimination diet therapy.111

6. Participation in any clinical intervention with any drug administration within 4 weeks before112

initial dosing or longer if required by local regulations, and for any other limitation of113

participation based on local regulations.114

7. Donation or loss of 400 mL or more of blood within 8 weeks before initial dosing, or longer115

if required by local regulation.116

8. A past medical history of clinically significant ECG abnormalities. An abnormal ECG is117

defined as PR >220 ms, QRS complex >120 ms, QTcB >430 ms, or any significant118

morphological changes, other than non-specific T-wave changes.119

9. Any surgical or medical condition that might significantly alter the absorption, distribution,120

metabolism, or excretion of drugs, or which may jeopardize the subject in case of121

participation in the study. The investigator was to make this determination in consideration122

of the subject’s medical history and/or clinical or laboratory evidence of any of the123

following: major gastrointestinal tract surgery such as gastrectomy, gastroenterostomy, or124

bowel resection.125
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10. History of immunodeficiency diseases, including a positive HIV (ELISA and Western blot) test126

result.127

11. Positive Hepatitis B surface antigen (HBsAg) or Hepatitis C test result.128

12. History of drug or alcohol abuse within the 12 months before dosing, or evidence of such129

abuse as indicated by the laboratory assays conducted during the screening.130

13. Subjects that took acetaminophen (paracetamol) chronically, that is, more than 1 g/day for131

more than 3 out of 7 days, or more than 2 g/day for more than 1 out of 7 days (added as132

part of Amendment 5).133

Study treatments134

Patients were instructed to maintain their baseline diet throughout the study. Patients already135

on PPIs, nasal, or inhaled steroids were allowed to continue these throughout the study.136

Responder patients who relapsed were allowed to go into an open-label study, where they137

continued to receive study medication monthly for three more doses.138

Randomization was performed by Novartis. Each study site’s unblinded pharmacist received the139

"Master Randomization List" as well as instructions for requesting a randomization number140

from Novartis. The randomization was performed by using a "Request & Response" exchange141

system by an e-mail between the study site’s unblinded pharmacist and Novartis. Patients,142

investigators, and study personnel were blinded to treatment assignment throughout the143

study.144
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Assessments145

Efficacy—histology146

Subjects had a standard endoscopy, and up to six biopsy specimens were obtained from the147

proximal and distal thirds of the esophagus. Two biopsies from the proximal and two from the148

distal esophagus were cut serially in 5-µm sections, and stained with H&E and used for149

eosinophil counts. The eosinophils in the most densely infiltrated area were counted in five150

consecutive HPFs, using an American Optical Microstar Model #1982 microscope at a151

magnification of 400x. The counts were read blind, without any knowledge of treatment152

allocation or visit status. Data were expressed as the maximum (peak) and the mean eosinophil153

count per HPF for the 10 counts from each location (i.e., proximal and distal esophagus), and154

for the 20 counts from the proximal and distal esophagus combined. Responders were defined155

by a reduction in the peak eosinophil counts per HPF by 75% or more at Day 85, compared with156

the baseline counts.157

Efficacy—symptoms158

A subset of questions from the MDQ was used to derive the “sum change in MDQ scores” from159

baseline to Day 85. The specific questions used to derive this and the further details of deriving160

this score are given in Tables S1 and S2 in Appendix 5. On this basis, a symptom responder161

would show a positive score.162
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Efficacy—transcriptomics, circulating protein biomarkers and histochemistry163

Transcriptomics164

The EoE transcriptome before and after study medication (QAX576 and placebo) was compared165

using the NanoString nCounter technology (NanoString Technologies, Inc., Seattle, WA, USA) for166

direct multiplexed measurement of gene expression. Biopsy tissue collected for RNA extraction167

was immersed in 1 mL RNAlater. RNA was isolated using the Qiagen RNeasy Micro Kit and168

analyzed by the Biomarker Development group at Novartis, Basel. Samples were processed with169

the nCounter Prep Station and Digital Analyzer of NanoString Technologies. The custom-170

designed nCounter Gene Expression CodeSet contained probes for 91 EoE-related genes, nine171

candidate reference genes for normalization, and two gender control genes. Probe sequences172

for genes reported in this study are shown in Supplementary Table S3. 250 ng of RNA was173

hybridized with the CodeSet at 65°C for 16 h. Post-hybridization processing procedures were174

carried out as recommended by NanoString Technologies. Cartridges were scanned at a175

resolution of 1155 fields of view. Gene expression barcode counts were analyzed using the176

nSolver Analysis software v1.0 (NanoString Technologies). Raw NanoString barcode counts for177

each gene were subjected to two subsequent normalization steps. First, a technical lane-to-lane178

normalization was performed using the geometric mean of counts obtained for six spike-in179

artificial positive control probe sets enclosed in the CodeSet. Second, a biological, mRNA180

content-related normalization (overriding the preceding technical normalization) was181

performed using the geometric mean of the technically normalized counts of the three182

reference genes (ALAS1, CLTC, and GAPDH).183

184
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Circulating protein biomarkers185

Eotaxin-1 and eotaxin-3 were assayed by a sandwich ELISA technique using commercial kits186

(Human CCL26/Eotaxin-3 Immunoassay Cat No.: Dcc260; Lot No.: 286565; Human187

CCL11/Eotaxin-1 Immunoassay Cat No.: STX00; Lot No.: 287254; Vendor: R&D system).188

Histochemistry189

Immunohistochemical staining for periostin was performed on 4-μm formalin fixed paraffin190

embedded tissue sections using Ventana Discovery XT Staining Module. Following191

deparaffinization, antigen retrieval and incubation with blocking reagents, tissue sections were192

incubated with the rabbit anti-human periostin pAb (AB14041, 1:2000) for 60 minutes in an193

automated slide-staining device. IHC staining for eotaxin-3 was similarly performed with the194

goat anti-human eotaxin-3/ccl26 pAb (AF635, 1:100).195

196
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Appendix 3: Statistical methods197

No formal statistical hypothesis was tested in this exploratory proof of the concept study.198

Subjects were analyzed according to treatment received. All subjects that received at least one199

dose of the study drug and had evaluable biopsy data were included in primary analysis sets.200

The samples size determination was based on being able to show that the lower 90%201

confidence limit for the proportion of responders in the QAX576-treated group is at least 35%.202

If seven out of 12 (58%) subjects treated with QAX576 responded, the lower 90% confidence203

limit would be 36%. In total, 21 subjects were to be randomized in this study in 2:1 (QAX576:204

placebo) ratio in order to have at least 18 subjects complete Day 85 assessments.205

To identify differentially expressed transcripts at baseline vs. Day 85, the normalized gene206

expression data/profiles (expression data acquired by Nanostring) were imported into the207

software of GeneSpring GX 12.5 by corresponding format. The proximal and distal data from208

each subject were analyzed collectively. Two primary comparison points, namely placebo-209

treated at D85 and QAX576-treated at D85, were selected due to the biological and210

pharmaceutical significance. Two-tailed student t-test was used to identify transcripts being211

significantly modulated by QAX576 with a P value of <0.05 deemed as statistically significant. A212

fold-change filter of 1.5 in either direction was also used on top of the P value screening to yield213

biologically significant transcripts.214
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Appendix 4215

Fig E1. Individual values for the “Sum Change in the MDQ Score” at Day 85216

Fig E2. Symptoms of dysphagia in the QAX-treated patients217

Fig E3. Heat-maps of the 29 modulated EoE genes for the individual patients at Day 85 and at the end218

of study219

Fig E4. Protein-protein interaction network on the basis of genes regulated by Anti-IL13 intervention220
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Appendix 5221

Tables222
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Table E1. Method for calculating the sum change in the MDQ score

MDQ
question #

Question Score range

Min Max

Possible maximum
change from baseline to

Day 85

1

In the past 2 weeks, have you had trouble
swallowing, not associated with other
cold symptoms (such as strep throat or
mono)?

1 2 ±1

2 How would you rate the severity of your
trouble swallowing over the past 2
weeks?

1 5 ±4

4 How often have you had difficulty
swallowing in the past 2 weeks?

1 8 ±7

9 In the past 2 weeks, have you ever had
solid food (not including medications)
stick in your swallowing tube for over 5
minutes?

1 2 ±1

10 Has it been painful to swallow in the past
2 weeks?

1 2 ±1

13 In the past 2 weeks, how frequently have
you noticed heartburn?

1 4 ±3

14 How would you rate the severity of your
heartburn over the past 2 weeks?

1 5 ±4

16 In the past 2 weeks, has your heartburn
awakened you at night?

1 2 ±1

20 In the past 2 weeks, how frequently have
you noticed acid regurgitation?

1 4 ±3

21 How would you rate the severity of your
acid regurgitation over the past 2 weeks?

1 5 ±4

10 44 ±29
The change in the score for the subset of 10 questions from the MDQ listed above was used to ascertain the
effect of QAX576 on the frequency and severity of the symptoms most relevant to EoE. Responses to some
questions (e.g., yes/no) allowed for a change of ±1, whereas others responses allowed for a change of up to ±7.
An improvement in symptoms was thus scored with a positive value and a worsening with a negative value, and
a no change in symptoms was scored 0. An illustration of the scoring to arrive at the “sum change in MDQ” is
shown in Supplementary Table S2. On this scoring system, a positive value for the sum change would indicate an
improvement in symptoms.
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Table E2. An example for arriving at the sum change in the MDQ score

Response

Question Baseline Day 85 Score

In the past 2 weeks, have you had trouble
swallowing? Yes Yes 0

How would you rate the severity of your
trouble swallowing? Severe Mild 2

How often have you had difficulty
swallowing? With every meal Less than once a week 2

Have you ever had solid food stick in your
swallowing tube for over 5 minutes? No No 0

Has it been painful to swallow in the past 2
weeks? Yes No 1

In the past 2 weeks, how frequently have you
noticed heartburn? Less than once a week About once a week -1

How would you rate severity of your
heartburn over the past 2 weeks? Moderate Mild 1

In the past 2 weeks, has your heartburn
awakened you at night? About once a week Less than once a week 1

In the past 2 weeks, how frequently you
noticed acid regurgitation? About once a week Less than once a week 1

How do you rate severity of your acid
regurgitation over the past 2 weeks? Mild Mild 0

Sum change in MDQ 7
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Table E3. Nanostring codeset probe sequences for genes reported in this study

Gene identifier Capture probe sequence Reporter probe sequence

ADAMDEC1 GTGGATCTTTTTCCCCAGGTTAGAACTGTGCCATCTCAGGAAGTTGTCAA CCCACACGTCGATTGTTGAAGCTAATCCCGCTGAGAAGCTGAGCATGGTC
ALAS1 AGTGTTCCAGAAATGATGTCCATTTTTGGCATGACTCCATCCCGATCCCC GAGAACTCGTGCTGGCGATGTACCCTCCAACACAACCAAAGGCTTTGCCA
ALOX15 TCGTAGGGCATGTCCAGCTTTGCATTCCGGATCTCAATTTCCTTATCCAG CCACACTGTTTTCCACCACGCTGGGCCGCAGGTAC
B2M CACGGAGCGAGACATCTCGGCCCGAATGCTGTCAGCTT CAGGCCAGAAAGAGAGAGTAGCGCGAGCACAGCTAAGGC
BATF TTGAGCATCTTTCTTAATACTCTTCTGCATTGGGCCTGCAACCCA TATTTAGAAAAATAACCGTTCCCTGCCCGCCTTGCTCTGTGCCATGGGAC
BCL2A1 GGCAATGTGCTGAGAATGCTCACTGAGCTTGACTGAGTTATGACACATGA CTGGTGGAGAGCAAAGTCTTGAGCTGGCTCACCTTGAAGCTGTTGA
CA2 CCTTCAAAAAAATACCTAGAACGGCCAGTCCATCAGGTTGCTGCACAGCT GGAATCCAGCACATCAACAACTTTCTGAAGGCCCGGTTTAGCGCTGCCAA
CCL11 TTTGGAGTTGGAGATTTTTGGTCCAGATACTTCATGGAATCCTGCACCCA GGCAACACTCAGGCTCTGGTTTGGTTTCAAAAATGGTGATTATTTATGGC
CCL18 ACACTGATTGATCCATGCATTGAATGTACGAAGAGTTGAAGGGAAAGGGG AGATTTGTCATTTGATACATATGGCACAATGTCTGCTGAGAAAGCTAATC
CCL24 GGGATGATGTGGTGGGCACAGACACCAAGGAACAGAAGGCTGGTTACTAT TGGAAACAAAGAACATGCAGCAGGGAGAGGGGATGACCACAGAGCCCGTA
CCL26 AAGGGGCTTGTGGCTGTATTGGAAGCAGCAGGTCTTGGATATG TGTTACTGGTGAATTCATAGCTTCGCACCCAGGTCCAGGG
CCL5 AAGAGTTGATGTACTCCCGAACCCATTTCTTCTCTGGGTTGGCACACACT AAATTTGTGTAAGTTCAGGTTCAAGGACTCTCCATCCTAGCTCATCTCCA
CCR3 TGTGGAAATGCCTCCAGCTATATACTGTATCCTCTGGGTAAAGAGCACTG GGCCATAACGAGCAGAGGGAGAACGAGACAGAAGATGGTCATTCTCAGAG
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Gene identifier Capture probe sequence Reporter probe sequence

CDH1 CAGGCACCTGACCCTTGTACGTGGTGGGATTGAAGATCGGAGGATTATCG ATCAGCATCAGTCACTTTCAGTGTGGTGATTACGACGTTAGCCTCGTTCT
CDH2 GAGGAAAAGGTCCCCTGGAGTTTTCTGGCAAGTTGATTGGAGGGATGACC CCGCAGTGAAAGGTTTTTATCTCTATCAGACCTGATCCTGACAAGCTCTT
CDH26 TTTCATTTACCCTCAAAGCTAGGCTGCCAGTGGAAGCTAAGAATAACACA TATTACCTGCTGTTCCCAAGTGGCTGGGTAATCTATGGGTTATAT
CEACAM7 CTCATGTTTTTAGGAAAGTTTTGTCTGTTCTGGGATCTACCTGCTTC GTTAAAGCAGAAAGGACTTTCTTACTGTGCTGACTCAGACAGCCTGGACT
CF1 (IF) CAGACATAAGTCACATTGTTGGCATCCATACAGACTAAGGGGCCTCCAGA CACCTGGGAACTCTGGTTTTCCACAGTTTTCCCCCCAACTCACAACACCC
CH25H ACAGTTCCCAGACGCTCATATACTGCGTTGCCAGCGCGAACGAGGACGAG GTGGCACCCGAGCAGTGTGACGTTCATCATGTCGAAGAAGCCCAAAGAAA
CLC TTGTCACAGTAGAACCAGTAGACAAAGAGGCAGCCTCTGTGTATGGCACG CACCTGCAGATATGGTTCATTCAAGAAACAGGCAAGTGGTCGCCCTTTGA
CLDN7 TCGCGGCACAGGGAGTAGGATACGCCGGGAGGGTGGTTCCAGACAAAATT TCTTGTCACCAAACTACACACAAATCGACCCCTCCAGTGAAGCGATGGCC
CLEC7A CTTTCTCTGAAACAACAGCTATCCTGGTATTGCTTTGAGAGTCGAAGTGT TCCCAAAATTACAGCAATGAGGCGCCAAGGAGGAGATGCAGCACACGATC
CLTC CAGACTCCATAGTCAGGGTACTGAAGCCAATGTTTGCTGGGTTGATACCC TACCACCTGGGCCTGCTCTCCTACTTTTTCTCTAATGCAGATGAATTTGT
COL1A1 GCCCTGCGGCACAAGGGATTGACACGCGTTCCCCAAATCCGATGTTTCTG GTCTTTCAGCAACACAGTTACACAAGGAACAGAACAGTCTCTCCCGCCCA
COL1A2 TTTAGCACCAGGTTGACCAGCAGCACCAGCAGGACCAGCAAATCCATTGG GGACCAACAACACCGTTTTCACCCTTAGGCCCTTTGGCTCCTCTTTCTCC
COL3A1 GACTGACCAAGATGGGAACATCCTCCTTCAACAGCTTCCTGTTGTGCCAA AGACACATATTTGGCATGGTTCTGGCTTCCAGACATCTCTATCCGCATAG
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Gene identifier Capture probe sequence Reporter probe sequence

COL5A2 TGCGCATGGTTTCAATCTGACTACTGAGTGACTTCAGGGTAGCATGAACC CGTGCGGGCTGGGTGCTTTTTCGAGCCATCGGGGC
COL8A2 TCTGTGAAATAGCTCCCGTTTTTTTTCTTGGGACCCTACTTAGTTC AACCACCCCTCCTGAAAGGTTTGAGGAATGAAATTTGGCAGAAGCTCAGC
CPA3 TTCTCACTAACTCGGAAATCCACCATCATATTAGCAGCTACGTGGTGGGT CATAGTGCATTTTATTTTGATCCAAGGCAGACTGGATGGCTTGGGATTCC
CTSC TTCTGAAGGTACACCACTACTTTTTTTTCTTGTGGTCCCATAACCGAGCA TGATGGTGAAATGGCCAGAATTGCCAAGGTCATCATATGCTGTATCCAGC
CTSS TCTGAGTCGATGCCCTTGTTATCAATGATGTACTGGAAAGCCGTTGTCAT TTGAGTCATATTGACATTTCTGATCCATGGCTTTGTAGGGATAGGAAGCG
CXCL1 CTCTATCACAGTGGCTGGCATGTTGCAGGCTCCTCAGAAATATTAACATA TTCACAATGATCTCATTGGCCATTTGCTTGGATCCGCCAGC
CXCL2 GGCCATTTTCTTGGATTCCTCAGCCTCTATCACAG GTTACAAAATAGACACACATACATTTCCCTGCCGTCACATTGATCTCACT
CXCL6 GCTCCGCTGAAGACTGGGCAATTTTATGATGCATGGTCTTTTTTGTTACT ACCAACCCTTCCTTCTTATTCTTACTGGGTCCAGGGATCTCCAGAAAACT
DHRS9 CCACCAGCGATGGTGGGACTCCCTTTTGCAATCCAAATAAGCACGATCTA CCATTCCAGCCCTCCTTTTCAAAGAAAACTTGAGCAGGGACCCTGGGATA
DPP4 AAATCCACTCCAACATCGACCAGGGCTTTGGAGATCTGAGCTGACTGCTG CTGCTAGCTATTCCATGGTCTTCATCAGTATACCACATTGCCTGG
DPYD CCACCTTCCTTTGCAGCTCTTGCGATGCTCACAATATCAGTGACATTTGG TTAATCCCATCAGACCTGAGACAGTGTTGGTGGCTGTAACGCCATTGGCA
DSG1 GTCACTACCACATTTGAAGACTCTCTAGGATGATGGATAGTCAGAGAGGT GCATACTCAGACTACCTATCATGCCGGAAGTTGGTTGGATTACTCTTTCT
EDNRA GTCATGAGGGTGTAGAAGATCGCAGTGCACACCAAGGGCATACAGAAATA CACTGAGGGCAATTCTCAAGCTGCCATTCCTTCTGTTCAACATCTCACAA
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Gene identifier Capture probe sequence Reporter probe sequence

EML5 CAGCCAAAGGTTTAGTAGGATGGACAGCAAGTGCCCAAAGTTCACCTTCA ATGATCTACTAGGCTCCATATCCTGACCGAACGATCATCACTTCCAGTCA
FCER1 (MS4A2) TCCACAGATTGTGAGTGACACAGCACTACCAAGTCCCAGAATGGTGAGAA TCATAAACACGATCCTCTGGAACCTTGTTTCCTTTGAGTTCTTCCCCAGC
FGF9 CCCATCCAAGCCTCCATCATACATTATGCATGCGACAAAGTTTGGCAACA CAGCCCTCCAGGAGGAGAAGCCTTTAAGTGCAGAACAAAATCAGCATATT
FGG GGATCATCGCCAAAATCAAAGCCATCAAAGGCATCTCCAGCATCCCCACC CCCAGGTACTGAACTGCATGCCATTATGGGATGTGAAAAACTTGTCACTA
FLG CCTTGTCATATGTTTTTCTGCTTGCACTTCTGGATCCTGACTGCCCACGG CGACCCTGAGTGCCTAGAGCCATCTCCTGATTGTT
FMO2 TTGATGGCTCCACAGAGTAGACGACTTGGGACATCATCATTTAGTACAGG CCTCAAAGATGGCAGAAGTTTCTGTGAGCTCTTTCACTGTAGATTTCACC
FZD10 GTTGAGGCGTTCGTAAAAGTAGCAGGCGATCACACAGGTGGCCGG TTGTTCATTTTGCACTTGTGCTGCGCCGCCAGGATCTTCCAGTAATCCAT
GAPDH GCTCGGCTGGCGACGCAAAAGAAGATGCGGCTGACTGTCGAACAGGAGGA CGACCTTCACCTTCCCCATGGTGTCTGAGCGATGTG
GATA3 ACCCTCAGCACAGGCTGCAGGAATAGGGACAAGACAGATG TCGCTGACATGCACGCTGGTAGCTCATACACTGCT
GUSB AGATTCTAGGTGGGACGCAGGCTCGTTGGCCACAGA TCCAAGGATTTGGTGTGAGCGATCACCATCTTCAAGTAGTAGCCAGC
HAS2 CGGGACCCTTTTCGTGGAAGTTGTTCTTCCAGATATAAGTGGCTGATTTG CAATTGCGTTACGTGTTGCGAGCTTTCTTTATGTGACTCATCTGTCTCAC
HDC TTCTGTGAGACAATTAGGACCCTTTAGACGAAAAACCACCAGGCCAAGGT GCCGGGATGAGGAAGAGACGGCCAGCTTTAGCTATTTCCTTTAACACATT
HLF CCAAAATGGGAGTCAGTTGTGTTTATGCCTCTGGTAAAGTGCTGATGTCA CACACACATGAGCACAAGCACATATACACGCACACACACACAGATGCACA
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Gene identifier Capture probe sequence Reporter probe sequence

HPRT1 TGAGCACACAGAGGGCTACAATGTGATGGCCTCCCATCTCCTTCATCACA CAGTGCTTTGATGTAATCCAGCAGGTCAGCAAAGAATTTATAGCCCCCCT
HRH1 ACTCCATGTCAGCTGTTCGTCTACTCAAACATATCATTTTGAGCTGCCAC AAAAATGCACTTGGTTCCTTCAAAGCGTCCCCTTCCGTAGGTGCACGGGA
IFNG CTGGCTCAGATTGCAGGCATATTTTCAAACCGGCAGTAACTGGATAGTAT ATCAGGGTCACCTGACACATTCAAGTTCTGTCTGACATGCCATTAAAGCA
IL13 CCTAACCCTCCTTCCCGCCTACCCAAGACATTTTTGACATCAGAAAGAAA TGAAGACGGGCAGCACAGGCTGAGGTCTAAGCTAAGGAATTTTACCCCTC
IL13RA1 TTTCCTCCTTGGTTTGCTTCTCATAGATGTCGTACTTCTTCCAGTGCAGA CCATCACTGAGAGGCTTTCTTCAGGTTTTCTATCAGCACTACAGAGTCGG
IL13RA2 AAAGCGTGTGTATCTTCGCTTCAATGCCCTTGTTAAGATCAAACCCATCT TTCTGCCCAGGAACTTTGAACTTCTGATCCATTTGTGCATTGCCATGGTA
IL4 TGCTTGTGCCTGTGGAACTGCTGTGCAGTCGCACC CCAGAGGTTCCTGTCGAGCCGTTTCAGGAATCGGATCAGC
IL4RA ATCTGCCGGGTCGTTTTCACTCCAAATGTTGACTGCATAGGTGAGATGAT GCTGCGATGCGGAGGGAGGGTTCTAGGTAGGTCACGTTATAGATTCTGAA
IL5 AAGCAGTGCCAAGGTCTCTTTCACCAATGCACTTGTGGGAATTTCTGTGG ACAGGAATCCTCAGAGTCTCATTGGCTATCAGCAGAGTTCGATGAGTAGA
IVL GTTCACAGATGAGACGGGCCACCTAGCGGACCCGAAATAAGTGGAGC CCCACCCTCACCCCATTAAAGAGACATGTAGAGGGACAGAGTCAA
KIAA1199 GATCTATAGGTGTCAAACCGGTCAGAATGGATGACTGTGCCTGATTTGGG CATCGGGCACCGCGTTCAAATACTGGACCAGACGTTCACTCTCTTTCTTG
KRT14 TCCTCAATGGTCTTGAAGTAGGGACTGTAGTCTTTGATCTCAG TGTCCACTGTGGCTGTGAGAATCTTGTTCCTCAGG
KRT16 GATGCTTGCTGGGAGGAAAGGTGGGCATCCTCGCCCTC AAGAGGACGAGGAGGAGGTGAAGACCTCGCGGGAAGAATAGGATTGGCCA
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Gene identifier Capture probe sequence Reporter probe sequence

KRTAP3-2 ATCTGGTCTACCTTAACATCTGGCAAACTACTGAGGCAAGTGAATACTGA TTCTTTTTTTCCCCCATTAAAACCAAAGGTAAGTTCTTCATATCTGGGTC
LOXL4 TCAAGCAGGAATGGTGGCCTTTCCCAGGTTCCATCCTTAACTAAACTGAC GAAGACCATGGGGTTTTATTCCACTTGAGCAAGAGCAAATCAGAGCCCCA
LRRC31 TCTTCCAAGTCTGGGAGAAAAGGCAGCAAGGCAACCATTTCTTTCATGTC TGATGGAAAGGAGGGTTCCACCTACAAAACCATTCCAGGAGATATCCAGT
MKI67 CTGATGGCATTAGATTCCTGCACGCTAAGAGTTCTCCCTCTACATCTG GTCTTTCTCTTCACCTACTGATGGTTTAGGCGTGTGCATGGCTTTGCCTG
MMP12 AATGCCACGTATGTCATCAGCAGAGAGGCGAAATGTGTTGATGTCAACAT TCAGGATTTGGCAAGCGTTGGTTCTCTTTTGGGTCTCCATACAGGGACTG
MMP2 AATGCTGATTAGCTGTAGAGCTGAAGGCACGGCTGCCAGG CACCGGGAGGAGCCACTCTCTGGAATCTTAAATTACCAGGTAGGAGTGAG
MMP9 AGATGTTCACGTTGCAGGCATCGTCCACCGGACTCAAAGGCACAG CCCATCCTTGAACAAATACAGCTGGTTCCCAATCTCCGCGATGGCGTCGA
NTRK1 CTCTGGAGCCAGCACAGCCGGGCGGTTGATCCCAAACTTGTTT CACCCAATGTCATGAAATGCAGGGACATGGCCAGCCCATC
POSTN TTGGTGGGAGCAAAGAGTGTGAAGTGACCGTCTCTTCCAAGGGC CTCCCATGATCCTTTCTAGGACACCTCGTGGAAGTTTCTCAAAAGCCTCA
PPIA AGCCACCATGCCCAGTTGCTGCCTACATTTTCAATATTCC CAGGTGGTCTTCTGCCTCAGGTAATACATTACAGACAGTG
RASGRP1 CAGGTTTCCATCTGCATCAAAAGATTGAATGCAGCTGTCAATGAGATCGT ACAATTCGGTGCATGGTCAGCATGACTTGCAACAGTTGGTTACTTCGACA
RPS4Y1 CTTATCTCTCTCTTCAGCAACAGTAAGTCGAATGCCCTTTCCCCTGGGCA AGATATGCTGCTACTGCAATTTAGCCACTGCTCTGTTTGGTGGCCAGCCT
SERPINB4 GAGGTCTGCATCCCCATTGAAGATATTCACCATTCCCATGGTTCTCAACG TAGGACTTTAGATACTGAGAGACCGTGGCTCCAGGTCATGCCTGA
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Gene identifier Capture probe sequence Reporter probe sequence

SERPINE1 GGTAGGTCATGCAGCCCCTTGCATTTCTGCTCCTAAATCTATTGAACACA CAATGCGGCTGTGAGTCACCCTGTAATTGGGGAAAGTTCTGTCCT
SH2D1B ATGCCTGCAGAAGTGGGTCATCAGTGAGAACTGTTACTCATCTCTTCAAC CACAACCAGGAGAGTCTGAATTGTCCACTAGAGTTTGGTGCTCTGGACCT
SIDT1 ATACGTCATTTTTTCCAAACACCACTCCAAGGACGGTGACCATGATGACC GGCTAGCGAGGCCAGAACGTGGATTGCAGAGAAGATGACCCAGAACC
SLC26A4 TCTCAGGACCACAGTCAACAGTCCAAATATAAGGCCAGCTAGTAAACCGA ATATCTGTGCTAGGGATGCTTCCAAGGCCATTCCAAGAAGGAAACTGAAC
SPP1 CTGACTCGTTTCATAACTGTCCTTCCCACGGCTGTCCCAATCAGAAGGCG TTGTGGCTGTGGGTTTCAGCACTCTGGTCATCCAG
SPRR2C ATGGCACCCAAAGAGAAGCTCTGAAAGGCCGGTACAGCTGAGGACTTCCT GCTCATGCCAGGTGACAGACAGAGACAGAAGACATCAAAATAATTCTTTG
SPRR2D AAGGAGAAAGAAGCTCCCTGTGCATCCATGGAAGGCTTTGGTGAGAAGAT AGAAAGGGAATCTTTTGCTGTCACAGATCATCACAGGCAGGCCACAGGTT
SPRR3 TGCTCAGGGATCATCTGCTGTGCAGAGAAGGTCGAGGTG TAAGCTCCTGAATTAAGCAGAAAGTCTTAGTGGCTTTTCTGGTCTTCAGC
STAT6 CCCCAGTGAGCGAATGGACAGGTCTTTGGCAGAGAATGGCTGGATGTTCT GGCTTCTTGGGATAGAGATTTTTGAGCTGAGCAAGATCCCGGATTCGGTC
TBET (TBX21) CTTTAGTTTCCCAAATGAAACTTCCTGGCGCATCCAGTGCGCTCCTGTGT AGCACAATCATCTGGGTCACATTGTTGGACGCCCCCTTGTTGTTTGTGAG
TFRC GTCTGGACAGGTATATTAGGCAATCCTGATGACCGAGATGGTGGAAACTG AGTCTCCTTCCATATTCCCAAACAGCTTTTCTGCAGCAGCTCTGGAGATT
TGFB1 ACGGGTTCAGGTACCGCTTCTCGGAGCTCTGATGTGTTGAAGAACATATA CACTTTTAACTTGAGCCTCAGCAGACGCAGCTCTGCCCGGGAGAGCAAC
TMEM16A

(ANO1)

TCGTGCTCCGGGTTTTGCTGTCGAAAAAGGAATCCTTATCAGACAAGTCA GCTGTACTTGGCCTTTGTACACGTCGTTCTCTTCAAGATCTCATAGACAA
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Gene identifier Capture probe sequence Reporter probe sequence

TMEM71 CAGTTGAGATATTCGGTACATCTTGGGAAGGCCGCTTGCTCAAACTTCAC CCAGCATATTCTCTTTCCAACCTGGAAGAACTTGCTACTGGTGTTGACAT
TNC CAGTGGTCCCTCCAATTTATGCCCGTTTGCGCCTGCCTTCAAGATTTCTG CTTTGGTAAAATCCTTTCCTCGCTCTGGGCCGCCTTATTCCTCTCTCACC
TNFAIP6 CTGGCTGCCTCTAGCTGCTTGTAAGTTGCGAGATGG CTCTGCCCTTAGCCATCCATCCAGCAGCACAGACATGAAATCCAATTTTT
TNFSF13B ACGTTTTACAAAATCCTTACTGCCCCTTTGAATTGTGTCCTTCCTCCAAG TTAATGTCCTAGAGATGTGGGCACTTGCTCCATAGTAAATTATGGATGCC
TPSAB1 GGTATTTTGCGTCACAAATGTGGTTTTCCATTATGGGGACCTTCACCTGC GACGATGCGGACGTCGTCTCCCGTGTAGGCGCCAAGGT
TUBB AAAAGGACCTGAGCGAACAGAGTCCATGGTCCCAGGTTCTAGATCCAC CCTGCCCCAGACTGACCAAATACAAAGTTGTCTGGTCTAAAGATCTGGCC
UBC CACTTCGAGAGTGATGGTCTTACCAGTCAGGGTCTTCACGAAGATCTGCA TCCTTGTCTTGGATCTTTGCCTTGACATTCTCAATGGTGTCACTCGGCTC
UPK1B TGCTTCAGGAAGAGGTTGGGTGTGAAAAAGTCTTGTTGTGTTGCTGCTGT ACTGGTCATCATTGTTTGGAGGGCTGTTGTTTTGGTACCTCTCTAGCATC
VCAM1 GGACATAGATGGGCATTTCTTTCCAAGTTCAATACATTCAGGGAAGTCTG TACTGTTCTTCAGGCAGCAAGTTTTACTTTGACTTCTTGCTCACAGCAAG
VIM CTGAAAGATTGCAGGGTGTTTTCGGCTTCCTCTCTCTGAAGCATCTCCTC CTTTGCGTTCAAGGTCAAGACGTGCCAGAGACGCATTGTCAACATCCTGT
XIST CAATTCATTCAGATAGGTTTAGCTCATGCAATGCACATGACTTCCTCTGC TACTGCCTCCCGATACAACAATCACGCAAAGCTCCTAACAAGCCCCAAAT
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Table E4. IHC staining scoring for Eotaxin-3 expression in esophageal biopsies*

Esophagus proximal Esophagus distal

Treatment Subject ID Baseline Day 85 Baseline Day 85

Placebo 0001_05109 2 3 2 2

0001_05111 2 3 3 2

0001_05121 No sample 1 No sample 3

0002_05203 4 1 3 1

0002_05204 No sample No sample 3 2

0005_05514 2 2 3 3

0005_05518 No sample 3 No sample 3

0005_05523 No sample 2 No sample 3

QAX576 6 mg/kg 0001_05108 4 1 3 1

0001_05110 0 1 2 1

0001_05116 2 2 2 1

0001_05117 4 3 4 3

0001_05122 No sample 2 No sample 3

0002_05202 1 1 3 1

0005_05506 2 3 3 1

0005_05507 4 2 4 2

0005_05512 4 1 3 2

0005_05519 No sample 4 No sample 2

0005_05520 No sample 2 No sample 2

0005_06501 4 2 2 1

0005_06515 No sample 1 No sample 3
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*Staining evaluated as; 0=negative), 1=weak positive, 2=medium positive, 3=strongly positive), 4=very
strongly positive, according to their staining intensity and staining area.
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