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Abstract

Background Noninvasive methods to assess treatment response in eosinophilic esophagitis are needed.

Aims Our aim was to determine whether a blood-based biomarker panel centered on immune parameters could identify
histologic response to treatment in eosinophilic esophagitis patients.

Methods A pilot study involving adult patients with active eosinophilic esophagitis recruited at two Ear, Nose, Throat clinics
in Sweden was designed. The patients (n=20) donated blood and esophageal biopsies and filled in three questionnaires before
and after a 2-month course of topical corticosteroids. Blood samples were analyzed for absolute levels of granulocytes and
T cells and the fractions of eosinophils expressing 10 different surface markers by flow cytometry. All data were analyzed
by multivariate methods of pattern recognition.

Results Multivariate modeling revealed that a combination of 13 immune parameters and 10 patient-reported outcome scores
were required to create a model capable of separating responders (n=15) from non-responders (n=5). Questions regarding
symptoms of esophageal dysfunction and capacity to eat certain foods from two of the questionnaires were discriminatory
in the multivariate model, as were absolute counts of T cells, eosinophils, and eosinophil expression of activation markers
and cell adhesion molecules.

Conclusions A combination of blood-based immune parameters and directed questions may prove helpful to monitor response

to treatment, perhaps reducing the need for repeat endoscopies in eosinophilic esophagitis patients in the future.
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Introduction

Eosinophilic esophagitis is a relatively new inflammatory
disease of the esophagus that is considered to be a vari-
ant of food allergy [1]. This chronic Th2 inflammation [2,
3] is driven by dietary allergens and/or other antigens [1]
and leads to fibrosis and poor esophageal function if left
untreated for a long period of time [4—-6]. Although the
inflammation in the esophagus is dominated by eosinophils,
the leukocyte that defines the disease, there are also elevated
levels of T cells, basophils, mast cells and B cells [2, 3, 7,
8]. Elimination of food allergens from the diet, topical cor-
ticosteroids, and proton pump inhibitors are the three main
therapeutic options at present [9].
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The unresolved question is to know when and how often
it is necessary to treat eosinophilic esophagitis patients to
curb the inflammatory process in the esophagus. Today,
response to treatment is generally defined histologically,
as a reduction of peak eosinophil counts in the esopha-
gus to < 15 eosinophils/high-power field (HPF), although
75-90% reduction of peak eosinophil counts in esophageal
biopsies have also been used as response measures [10]. An
additional important therapeutic goal is improved capacity
to ingest foodstuffs and reduced burden of symptoms, which
can be difficult to estimate since most patients have devel-
oped coping mechanisms to compensate for their difficulties
in eating and swallowing, such as avoidance of certain foods,
helping the swallowing process by drinking copious amounts
of water and eating slowly [10].

Monitoring of eosinophil counts in the esophagus requires
repeated invasive procedures involving endoscopy with col-
lection of at least six biopsies at different levels of the esoph-
ageal mucosa. The overall aim of this study was to evaluate
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the possibility of assessing the response to treatment in
adult patients by analysis of a panel of immune parameters
in the blood focusing on T cells and eosinophils, including a
subpopulation of eosinophils with T cell suppressive capac-
ity. These “suppressive eosinophils” can be identified by
analysis of surface molecules including CD16. In addition,
the suppressive eosinophils express a higher level of CD4,
CD40, CD44, CD54 (ICAM-1), CD66¢, CD183 (CXCR3),
CD194 (CCR4), CD199 (CCRY), CD274 (PD-L1), TSLPR,
FPR1 and galectin-10 and a lower level of CD9, CD11a,
CD45, CD49d, CD66b, CD71, CD294 (CRTH2) and
Siglec-8 compared with conventional eosinophils [11].
Most striking is the higher expression of CD54 which is
necessary for the formation of immune synapses with T cells
[12] and galectin-10 which is necessary for the suppression
of T cells for both eosinophils [11] and regulatory T cells
[13]. The rationale for our choice to include CD16+ sup-
pressive eosinophils in the panel of immune parameters
was that we have previously found that eosinophils isolated
from the blood of adult eosinophilic esophagitis patients
had reduced T cell suppressive capacity compared with
eosinophils from healthy donors [14]. However, we could
not determine whether this apparent diminished suppressive
capacity was because the patients had too few suppressive
eosinophils or if it was their suppressive function that was
impaired. One possibility raised by the previous study was
that the levels of suppressive eosinophils in the blood might
be relatively reduced in untreated patients and return back
to normal after treatment, and hence a potential biomarker
to monitor response to therapy. A second aim of the study
was to evaluate how histologic response to therapy related
to patient-reported outcomes as symptomatic improvement
and enhanced quality of life are the main goals of treatment
in eosinophilic esophagitis.

Methods
Study Design

Eosinophilic esophagitis patients were studied before and
after completion of a 2-month course of topical corticos-
teroids regarding levels of eosinophils in the blood, their
molecular patterns and the subpopulation of suppressive
eosinophils, as well as the absolute levels of granulocytes,
and of CD4+ and CD8+ T cells. The study patients provided
self-assessment of response to treatment by filling in three
written questionnaires before and after treatment: the Short
Form Health Survey (SF-36) [15], the European Organiza-
tion for Research and Treatment of Cancer Quality of Life
Questionnaire-Oesophageal Module 18 (EORTC QLQ-
OES18) [16] and the Watson dysphagia scale (WDS) form
[17]; these forms have been used previously for evaluation

of eosinophilic esophagitis patients although they have not
been validated for this disease [18, 19]. The immune param-
eters and questionnaire scores were analyzed by multivariate
pattern recognition methods to determine whether any com-
binations of parameters could be used to assess histological
response to treatment.

Study Patients

Thirty adult patients with active eosinophilic esophagitis
were recruited at NAL Medical Hospital, Trollhéttan, Swe-
den and Skaraborg Hospital, Skovde, Sweden. Ten patients
were excluded because they either did not complete treat-
ment, declined repeated endoscopic examination, or because
blood samples were not taken at the same time point as the
biopsies. The diagnostic criteria for eosinophilic esophagitis
in use at the time of patient recruitment were employed [9].
Inclusion requirements were > 15 peak eosinophil counts/
HPF (HPF=0.229 mm?) in at least one of six biopsies col-
lected from the proximal and distal parts of the esophagus,
together with symptoms of esophageal dysfunction. Four-
teen of the patients were newly diagnosed, and six were
known eosinophilic esophagitis patients who had not been
treated for at least three months. The patients completed a
2-month course of topical corticosteroids (200 ug mometa-
sone furoate aerosol swallowed q.i.d.) and donated 10 mL of
EDTA blood before and after treatment for flow cytometry
analyses. A second endoscopic examination with collection
of biopsies was performed after treatment. Table 1 summa-
rizes the patient characteristics. The study was approved by
the Regional Ethical Review Board of Gothenburg, Swe-
den (137-09, March 30, 2009, and T664-11, July 13, 2011).
Written informed consent was acquired from all study par-
ticipants. The study protocol conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki.

Patient-Reported Outcomes

The “Short Form Health Survey” (SF-36) is a validated
multi-purpose questionnaire on general health consisting of
36 questions that cover eight domains: physical function-
ing, role physical, bodily pain, general health, vitality, social
functioning, role emotional and mental health. The scores
from each domain are summarized in two categories: Physi-
cal Component Summary and Mental Component Summary,
which were included in the multivariate analysis.

The “Watson Dysphagia Scale” (WDS) is used for
patients with dysphagia but has not yet been validated for
eosinophilic esophagitis patients [17]. The patients answer
whether they never (=0), sometimes (=0.5) or always (=1)
experience trouble swallowing food of different textures,
ranging from liquids to solid foodstuffs. The score is mul-
tiplied by a factor for each foodstuff, giving a final score
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Table 1 Clinical characteristics of study patients

Clinical data Responders Non-responders P value
Number % Number %
Patients 15 75 5 25
Age 43 (20-79)* 34 (18-66)* NS
Male 9 60 5 100 NS
Allergy
Inhalant allergy 11 73 2 40 NS
Hay fever 7 47 1 20 NS
Food allergy 4 27 2 40 NS
No allergy 3 20 2 40 NS
Food and inhalant allergy 3 20 1 20 NS
Eczema 0 0 1 20 NS
Eosinophilic esophagitis
Previous bolus obstruction” 8 53 4 80 NS
Previous esophageal dilation 2 13 0 0 NS
Current symptoms
Dysphagia 15 100 5 100 NS
Chest pain 13 87 1 20 0.014
Food impaction 10 67 4 80 NS
Cough 8 53 1 20 NS
Nausea/vomiting 40 3 60 NS
Current esophageal findings
Linear furrows 10 67 3 60 NS
Plaques 7 47 4 80 NS
Trachealization 11 73 4 80 NS
Strictures 8 53 1 20 NS
Peak eosinophil counts/HPF before treatment 30 (15-80)* 25 (17-70)* NS
Peak eosinophil counts/HPF after treatment 0 (0-13)* 30 (20-38)* <0.001
Histologic response to treatment
< 15 peak eosinophil counts/HPF 15 75 0 0 <0.001
> 50% reduction of peak eosinophil counts/HPF 14 70 0 0 <0.001
> 75% reduction of peak eosinophil counts/HPF 13 65 0 0 0.0014
Blood eosinophil counts® NS
before treatment 0.36 (0.054-1.08)*4 0.46 (0.25-1.97)*¢
after treatment 0.20 (0.077-0.47)*¢ 0.36 (0.29-0.60)*¢ 0.0037
Watson dysphagia scale summary score
before treatment 18 (4-31)* 17 (0-23)* NS
after treatment 12 (0-27)* 21 (0-24)* NS

HPF high-power field =0.229 mm?; NS Nonsignificant
*Median (min—max)

YRequiring hospital care for removal of bolus

“Eosinophil number x 10° cells/L blood, ref 0.04-0.4 x 10°/L

4P=0.015 when comparing responders before and after treatment. Wilcoxon matched-pairs test

¢P=NS when comparing non-responders before and after treatment. Wilcoxon matched-pairs test

ranging from O (no dysphagia) to 45 (severe dysphagia). The
scores for each foodstuff were included in the multivariate
analysis.

The EORTC QLQ-OES18 was designed for patients
with esophageal cancer [16], but because of its focus on
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swallowing difficulties has also been deemed to be suit-
able for eosinophilic esophagitis patients. The form con-
sists of 18 questions divided into 10 domains: dysphagia
scale, saliva, choking, eating scale, dryness, taste, cough,
speaking, reflux scale and local pain scale. Scores for each
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domain, as well as a summary score, were included in the
multivariate analysis.

Flow Cytometric Analyses

EDTA blood was analyzed by 5-color flow cytometry within
24 h of collection as previously described [20], using the
mAbs listed in Table 2. Granulocytes were gated based on
high side- and forward-scatter and the eosinophils were sep-
arated from the CD16+ neutrophils based on the eosinophils’
higher side-scatter and high levels of CCR3, as previously
described [11]. CD4+ and CD8+ T cells were identified
based on low side-scatter, high CD3 expression, and either
high expression of CD4 or of CD8. The data are expressed
as median fluorescence intensity (median-FI) or percent cells
expressing a particular marker.

Statistical Methods

The paired Wilcoxon test and Fisher’s exact test were
used for comparisons of two groups and the Spearman
test to determine correlations between data sets. Graph-
Pad Prism 7.0 software (GraphPad, San Diego, CA, USA)
was employed. P <0.05 was considered statistically sig-
nificant. Multivariate analyses of pattern recognition
“Orthogonal-Projection to Latent Structures” (OPLS)
were performed using the SIMCA-P statistical package
version 13.03 (MKS Data Analytics Solutions, Malmo,

Table 2 Monoclonal antibodies used in the flow cytometry analyses

Antigen Clone Isotype Cell target Fluorochrome

CD3 SK7 IgG,, x T cell FITC

CD4 SK3 IgG,, x T cell APC-H7

CD8 SK1 IgG,, x T cell PE

CDl16 3G8 IgG,, x Eosinophil FITC

CD25 2A3 IgG,, x Eosinophil APC

CD44 G44-26 I1gGy,, Eosinophil PE

CD49d 9F10 1gG,, x Eosinophil PE

CD54 HASS8 1gG,, x Eosinophil APC

CD66¢ KOR- 1gG,, x Eosinophil PE

SA3544

CD193 SES8 I1gGy, Eosinophil BV421
(CCR3)

CD193 SE8 1gGyy,, Eosinophil AF647
(CCR3)

CD199 LO53E8 IgG,,, x Eosinophil PE
(CCRY9)

CD274 29E.2A3 IgGy, Eosinophil APC
(PDL1)

CD294 BM16 rat IgG,,, k Eosinophil APC
(CRTH2)

All antibodies were from BD Biosciences, Franklin Lakes, NJ, USA

Sweden). Multivariate models with outcome variable (Y)
“histologic response to therapy” were constructed with
input X-variables, i.e., immune parameters, clinical data,
and questionnaire scores. The quality of the obtained mod-
els was assessed by their explanatory power (R2Y) and
robustness (Q2Y), respectively. The Variable Importance
Parameter (VIP) module was employed to evaluate the
contribution of the X-variables to the tested models and
enable the selection of the parameters with the highest
impact on the test models.

Results

Combination of Immune Parameters
and Self-Assessment Data Required for Construction
of Multivariate Models

Three-quarters of the patients (15/20) responded to topi-
cal corticosteroids and attained < 15 peak eosinophils/HPF,
whereas one quarter of the patients (5/20) did not and were
defined as non-responders. We tried to construct multi-
variate models to segregate the responders from the non-
responders using clinical data, immune parameters (absolute
blood counts of eosinophils, granulocytes, CD4+ T cells
and CD8+ T cells, the expression of ten molecules by blood
eosinophils indicated as median-FI and % expression, and
peak eosinophil counts/HPF in esophageal biopsies), and
domain and global self-assessment scores obtained from
three questionnaires (SF-36, WDS, EORTC QLQ-OES18).
All immune parameters were analyzed before and after treat-
ment. Similarly, scores were retrieved from the three ques-
tionnaires that the patients filled in before and after treat-
ment. The change in the levels of the immune parameters
and questionnaire scores were also used as input variables.
The outcome variable for all multivariate models was his-
tological response to treatment, which was defined as < 15
peak eosinophils/HPF in the esophagus.

The modeling revealed that it was necessary to include
13 immune parameters (11 derived from flow cytometry
assay and 2 from blood differential counts) and 10 ques-
tionnaire scores to obtain a stable model. Models solely
based on either immune parameters or on questionnaire
scores were incapable of segregating the responders from
the non-responders. It was also necessary to include immune
parameters measured before and after treatment to create
a good model. Moreover, inclusion of sex and age of the
patient contributed to the generation of a stable model. The
best model is shown in Fig. 1. Parameters above the line
(> 0) are positively associated with response to therapy,
whereas parameters below the line are associated with lack
of response.
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Fig. 1 Multivariate OPLS model of histological response to topical
corticosteroids. The outcome Y-variable (blue) was set as a histo-
logical response of <15 peak eosinophil counts/HPF in the esopha-
gus after treatment. Input X-variables with discriminatory power are
shown as bars and consisted of clinical data, immune parameters and
questionnaire scores, collected before (A) and after treatment (B).
Immune parameters (green) are presented as percent (P) blood eosin-
ophils expressing a particular molecule and its median fluorescence
intensity (M), and absolute numbers (N) of leukocyte subpopulations

EORTC and Watson Dysphagia Scale Were the Best
Questionnaires

Several questionnaire scores reflecting symptomatic relief
and improved capacity to eat certain foods turned out to
be important parameters in the multivariate model. Self-
assessed improvements regarding local pain, coughing,
reflux, dryness, dysphagia and taste alterations retrieved
from the EORTC questionnaire were positively associated
with being a responder (Fig. 1). Moreover, an increased abil-
ity to eat fruit was the strongest parameter, followed in order
of decreasing strength by the capacity to eat meat, and pasta;
these queries were from the WDS (Fig. 1). None of the ques-
tions from the SF-36 questionnaire contributed to the model.

Leukocyte Counts and Eosinophil Molecules
for Identification of Responders

The non-responders tended to have a higher fraction of
eosinophils expressing CD66¢ both before (A) and after
treatment (B), and higher absolute numbers (N) of eosin-
ophils, lymphocytes, T cells, CD4+T cells, and CD8+ T
cells after completion of the steroid course (Fig. 1). Moreo-
ver, a higher fraction of the non-responders’ eosinophils
expressed the markers CD294 and CD25, and had a higher
median expression of CD44 after treatment (Fig. 1). Fewer
immune parameters were associated with response to treat-
ment: an increased median expression of CD49d and of
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in the blood. Scores from the EORTC QLQ-OES18 (purple) and
Watson dysphagia scale (red) questionnaires and clinical data (yel-
low) are shown. A is the difference between values before and after
treatment for each parameter. The X-variables indicated by bars in the
same direction as the output Y-variable were positively associated,
and the variables indicated by bars in the opposite direction were neg-
atively associated with being a responder. The model had an explana-
tory power (R?Y) of 50% and a stability (Q?) of 27%

CD193 (CCR3) on eosinophils before treatment, and higher
pre-treatment peak counts of esophageal eosinophils were
characteristics of the responders (Fig. 1). Reduced levels of
CD16-expressing eosinophils in the blood after treatment
was also associated with being a responder (Fig. 1).

Only a few of the immune parameters from the multivari-
ate model were found to be statistically significant when ana-
lyzed singly: The responder group had a statistically signifi-
cant reduction in the fraction of CD16-positive eosinophils
(ACD16) post-therapy compared with the non-responders
(Fig. 2a). In addition, eosinophils from responders had
statistically significant higher levels of CD49d and CCR3
before treatment compared with non-responders (Fig. 2b, c).
Importantly, none of these immune parameters could sepa-
rate responders from non-responders on their own, as shown
by the considerable overlap in the levels of each parameter
between responders and non-responders (Fig. 2a—c).

Reduction of CD16-Expressing “Suppressive”
Eosinophils in the Blood After Successful
Corticosteroid Treatment

We found that whereas responders had lower levels of
CD16-expressing “suppressive” eosinophils in the circula-
tion after treatment (Fig. 3a), this was not seen among the
non-responders. In fact, there was a trend for increased levels
of CD16+ eosinophils post-therapy in patients who did not
respond to treatment (Fig. 3a). Moreover, the percentage of
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CD16+ eosinophils in the blood correlated with both the

CD16" eosinophils (%)

total numbers of CD3+T cells and of CD4+T cells in the

blood, respectively (Fig. 3b, ¢), indicative of a relationship

between these cell types.

Discussion

CD16" eosinophils (%)

The main objective of this study was to test the hypothesis

that a combination of blood-based immune parameters could
segregate responders from non-responders to topical corti-
costeroid therapy in a study cohort of 20 adult eosinophilic
esophagitis patients. Blood-based diagnostic and thera-
peutic biomarkers have been much sought after within the
field of eosinophilic esophagitis research since biomarkers
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might reduce the need for repeated endoscopy to monitor
disease activity [21-24]. How to measure disease activity
in eosinophilic esophagitis is a complex issue but should
include objective clinician-reported measures and patient-
reported measures [25]. We chose to use histologic response
to therapy as the clinician-reported outcome and three differ-
ent self-assessment questionnaires covering quality of life,
as well as symptoms and behavioral adaptations related to
esophageal dysfunction as patient-reported outcomes. When
we attempted to construct models to differentiate histologic
responders from non-responders to therapy we found that it
was necessary to include blood-based immune parameters
collected before and after treatment, as well as patient-
reported questionnaire scores. This was unexpected against
the background that several studies have reported poor con-
gruence between histologic response and patient-reported
response to treatment in eosinophilic esophagitis [25, 26].
An advantage with multivariate modeling is the possibil-
ity to remove parameters that contribute noise to the model
by using the unbiased “variable of importance” module,
which may in part explain why several patient-reported
outcome scores were shown to be important for separat-
ing responders from non-responders. Furthermore, we
found that several questions derived from both the Watson
dysphagia scale and EORTC questionnaires, which cover
dysphagia-related symptoms and corresponding behavio-
ral adaptations, were of value for creating a stable model,
whereas the more general questions relating to quality of life
from the SF-36 form did not. Unexpectedly, local pain and
cough were the symptoms that most responders reported to
have become improved after treatment. In fact, the majority
of patients in this study suffered from chest pain (75%) and
cough (65%), respectively. In line with this, a retrospective
study of adult eosinophilic esophagitis patients identified
baseline abdominal pain to be predictive of response to topi-
cal corticosteroids [27]. Furthermore, eosinophilic esophagi-
tis is increasingly being recognized to be a differential diag-
nosis for chronic cough in children [28, 29]. In contrast,
although dysphagia, the defining symptom of eosinophilic
esophagitis, was also a patient-reported parameter that lent
stability to the model, its contribution was much lower than
the aforementioned symptoms of cough and local pain. On
the other hand, enhanced ability to eat fruit and meat were
the biggest improvements in terms of altered eating habits,
both of which are alternate measures of dysphagia. This is
in agreement with earlier studies reinforcing the notion that
general questions regarding dysphagia can be misleading
in this group of patients who in general have modified their
eating patterns to minimize dysphagia [10, 25]. It might
be valuable for clinicians assessing response to therapy in
adult eosinophilic esophagitis patients to ask more precise
questions regarding particular symptoms and specific foods
rather than more general questions concerning dysphagia.
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Another hypothesis we wanted to test was if levels of
CD16-expressing “suppressive eosinophils” could be used
to monitor treatment response. Indeed, a decreased frac-
tion of CD16-expressing eosinophils in the blood after
treatment was one of the immune parameters associated
with being a responder to therapy. This was contrary to
our original hypothesis, that untreated patients would have
depressed levels of CD16-expressing eosinophils in the
blood, which would return to normal after successful treat-
ment. Instead, it appears that there is increased release
of CD16-expressing eosinophils from the bone marrow
to the blood in patients with symptomatic disease, which
decreases in successfully treated patients. We have previ-
ously shown that CD16-expressing eosinophils are more
potent T cell suppressors than conventional eosinophils
in vitro [11]. Our finding that the levels of CD16-express-
ing, potentially suppressive eosinophils, correlated with
the numbers of CD3+ T cells and CD4+ T cells alike, at
least hints at an association between these two types of
leukocytes. Since eosinophilic esophagitis is claimed to
be a Th2-driven disorder [2, 3], it is tempting to specu-
late that the activated CD16-expressing eosinophils in the
blood of eosinophilic esophagitis patients might have a T
cell suppressive function in the esophagus.

One limitation of this study is the lack of validated
questionnaires in Swedish for patients with eosinophilic
esophagitis. Nevertheless, the WDS, EORTC QLQ-OES18
and SF-36 questionnaires available in the Swedish language
have been used previously to assess patient-reported out-
comes in adult Swedish eosinophilic esophagitis patients
[18, 19]. This pilot study was designed to assess if it would
be possible to identify a panel of immune parameters in
the blood to monitor response to treatment in eosinophilic
esophagitis. Intriguingly, we found by multivariate modeling
that patient-reported outcomes were required in addition to
the immune parameters, suggesting that it may be difficult
to rely solely on blood-based biomarkers to evaluate eosino-
philic esophagitis patients. The combination of blood-based
immune parameters with a select number of patient-reported
outcome queries may prove to be a good strategy for non-
invasive monitoring of response to therapy in eosinophilic
esophagitis patients in the future. However, our findings are
based on a relatively small cohort of patients and need to
be reproduced using a larger number of patients, preferably
from different study centers.
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