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Introduction:

Eosinophilic esophagitis (EoE), is an allergic disease of the esophagus that affects both 

children and adults and is defined by clinical, endoscopic, and histologic characteristics. 

Diagnostic criteria include eosinophilic infiltration of the esophagus with ≥ 15 eosinophils/

high-powered field (eos/hpf), in the setting of esophageal dysfunction1. EoE is considered to 

be active based on histopathology - if the peak eosinophil count is ≥15 eos/hpf, the disease is 

considered active. EoE is in remission if the eosinophil count decreases to <15 eos/hpf in a 

patient with previously diagnosed EoE1, 2.

Esophageal dysfunction in EoE may present differently in children and adults. Pediatric 

patients typically present with feeding difficulty, abdominal pain, and vomiting, and 

adolescents and adults present with dysphagia and food impaction3. The current theory is 

that eosinophilic inflammation in the esophagus over time leads to fibrosis and narrowing of 

the esophagus, thus it is hypothesized that many, though likely not all, older patients with 

increased duration of disease have more sequela of fibrostenosis4. While EoE is a life-long 

disease5, therapy has been shown to reduce side effects, improve symptomatic burden, and 

decrease necessity of esophageal dilation6, 7, highlighting the importance of understanding 

disease activity even in the asymptomatic patient8–10.
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In order to perform this histologic investigation to determine disease activity in EoE, an 

endoscopy is required to obtain a biopsy of the esophageal mucosa. After each therapeutic 

change an endoscopy is performed to determine response. Thus, the burden of endoscopy on 

the EoE patient is great. In most cases, this involves a diagnostic endoscopy, followed by a 

few attempted therapies (drug or diet interventions). Patients who do not respond to the first 

therapy or who choose diet therapy, often have many endoscopies in rapid succession3, 11. 

The importance of this monitoring must be balanced with cost-effectiveness 12 as well as 

risk to the patient - although adverse events during endoscopic procedures under anesthesia 

are rare13, they do occur and must be taken into account when discussing risks and benefits 

of monitoring with patients and their families. Additionally, in 2016, the US Food and Drug 

Administration “Drug Safety Communication” issued a black box warning related to the use 

of anesthetics in children under the age of 3, suggesting that it “may affect the development 

of children’s brains” (https://www-fda-gov.proxy.library.upenn.edu/Drugs/DrugSafety/

ucm532356.htm). These recommendations were based in large part on studies in which 

animals received multiple rounds of anesthesia or prolonged anesthesia during early-life. 

Animals exposed to anesthesia were more likely to demonstrate brain/neuron development 

and cognition issues than unexposed animals14–16. Understanding the risks and benefits of 

these procedures and the information that that will be gained from each endoscopy is crucial 

for the physicians caring for EoE patients.

Additional tools, both invasive and non-invasive, have been researched for monitoring and 

understanding eosinophilic esophagitis A literature search was performed using PubMed 

with keyword combinations of EoE and monitoring as well as various techniques used for 

monitoring, including, but not limited to, symptoms, endoscopy, histology, fluoroscopy, 

EndoFLIP, non-invasive monitoring and biomarkers. Case-control studies, observational 

studies, peer-reviewed reviews and guidelines, and systematic reviews were selected, 

reviewed, and summarized here. The first portion of this article aims to summarize current 

disease monitoring practice as well as potential candidates for future less-invasive 

monitoring in EoE. We will then describe new research applications that serve to better 

characterize EoE disease activity through personalized medicine approaches including both 

molecular and functional analysis (Fig. 1).

Monitoring of Disease Activity in EoE –Where We Are

As we look towards the future of monitoring for EoE in less invasive ways, it is important to 

define what measure we have at our fingertips for use today and how we use them in an 

evidence-based and clinically relevant way. The current modalities being used and studied 

focus on defining disease state and considering whether further therapeutic changes are 

necessary based on findings detected at a specific moment in time, on a particular diet or 

medication. The following section describes the tools that have been investigated, and in 

many cases are currently being used, to make this determination.

Symptoms

Endoscopy and biopsy provide the gold standard for diagnosis and disease activity 

monitoring, because symptoms have been shown to be less reliable modality17. One reason 
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for this finding is coping mechanisms. Patients adapt their diet to exclude foods that cause 

dysphagia, increase lubrication with extra mealtime beverages, and increase chewing time. It 

can be challenging to assess symptoms in patients who have had undiagnosed inflammation 

for years4 who have adapted these subtle behaviors.

There are three validated patient reported outcome (PRO) tools: Pediatric EoE Symptom 

Score (PEESS v2.0)18, the dysphagia symptom questionnaire (DSQ)19, and the adult 

eosinophilic esophagitis activity index (EEsAI)20. Unfortunately, these tools have not shown 

adequate sensitivity for detecting esophageal eosinophilia based on symptoms17, 21.

In order to capture the myriad of pediatric complaints in the EoE population, validation of 

the PEESS 2.0 evaluated 4 domains: pain, reflux, nausea/vomiting, and dysphagia. Each of 

these four domains was compared to histologic factors including eosinophil count and 

eosinophil/mast cell derived proteins, as well as gene expression of the top 96 dysregulated 

genes in EoE. Despite the broad approach, mast cell products (typtase/chymase) and 

eosinophil peroxidase correlated significantly with only the dysphagia domain.

Symptom scoring in adults puts more weight on dysphagia. The DSQ evaluates dysphagia 

daily for 30 days using a simple 3 question survey, and the EEsAI follows patients for 7 days 

and additionally asks about behavioral adaptions and food avoidance that may occur as a 

result of dysphagia. EEsAI was found to have an accuracy of 0.6–0.7 for detecting disease 

activity in EoE. Specifically the mild/modest disease activity, without fibrosis, seemed more 

difficult to detect via symptomatology alone.

The inability to follow symptoms has been a major obstacle to drug development in EoE. In 

order for drugs to be approved by the FDA, the trial must show an improvement in 

symptoms greater than placebo. As discussed symptoms vary greatly by eating behavior and 

do not always correlate with histologic endpoints, especially in the setting of post-

inflammatory esophageal remodeling in which symptoms can persist despite resolution of 

disease. In order to try to achieve the FDA mandates, many EoE clinical trials have restricted 

entry to include only those with severe dysphagia. This provides two possibly unintended 

side-effects: 1) the majority of pediatric patients are excluded and 2) there is a bias toward 

more severe disease.

The development and validation of symptom scores are crucial to our understanding of the 

symptomatology of EoE, however, they are not currently adequate to detect disease activity. 

And our inability to utilize symptom as a clinical outcome measure has had unforeseen 

effects on clinical trial development.

Endoscopy and Histology

The current gold standard for monitoring activity in EoE is endoscopy with biopsy. This is 

typically done 8 to 12 weeks after a change in therapy. While there has not been a study 

evaluating timing for endoscopy after therapeutic changes, there is evidence that endoscopy 

beyond 3 months in steroid non-responders did not yield additional information22. The 

eosinophilic esophagitis endoscopic reference score (EREFS) is a classification system used 

to score endoscopic findings23. The EREFS score accounts for the presence and severity of 
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findings that are classic in appearance for EoE, including esophageal rings, exudates, 

furrowing, mucosal fragility, edema and associated decreased vascular markings, and 

esophageal stricture. This scoring system has been showed to correspond to histologic 

improvement in EoE, supporting its validity24.

Beyond visual inspection, histologic evaluation of the esophagus is essential, with the 

guideline of 15 or more eos/hpf in the esophagus determining whether a person is thought to 

have active or inactive EoE. There is current work looking into an advanced histologic 

scoring system (EoEHSS) to evaluate a wider range of histologic findings, including 

eosinophil density, basal zone hyperplasia, eosinophil abscesses, eosinophil surface layering, 

dilated intercellular spaces, surface epithelial alteration, dyskeratotic epithelial cells, and 

lamina propria fibrosis25, 26 (Figure 2). Some of these characteristics were found to be quite 

rare with only a small proportion of patients with EoE demonstrating dyskeratosis and 

superficial epithelial alteration, whereas others such as basal cell hyperplasia and dillated 

intracellular spaces were more common.

The importance of an in depth histologic epithelial evaluation in addition to simply 

eosinophil count was highlighted in a recent paper describing persistent symptoms in 

inactive EoE patients. Symptomatology and endoscopic findings were found to be more 

common in those patients with persistent basal cell hyperplasia seen on pathology 7. 

Similarly, the presence of dilated intercellular spaces (DIS) has also shown clinical 

relevance, with decrease in DIS in patients on therapy 27. These studies highlight the 

importance of histologic evaluation that goes beyond eosinophils alone in clinical decision 

making, and may help guide the clinician when there are <15 eosinophils per high powered 

field but ongoing symptoms.

In addition to discussion regarding expanding histologic criterion used in diagnosis and 

monitoring in eosinophilic esophagitis, there is also discussion in the field regarding how 

many biopsies are necessary for diagnosis and monitoring in EoE, and significance of the 

location of those biopsies. EoE is thought to be a patchy disease in the esophagus, leading to 

the possibility of a missed diagnosis or inaccurate determination of remission status if 

biopsies are not taken in an area with active esophageal inflammation. Three biopsy 

specimens in the esophagus yields a 97% sensitivity, and that sensitivity increases further if 

biopsies are taken in a variety of locations in the esophagus, including proximal and distal 

esophagus28.

It is important to note that clinical trials often use a different, sometimes more stringent, set 

of criteria to define remission. Histologic endpoints in clinical trials can vary, including 

definitions of endpoints with as low as < 5 eos/hpf in the esophagus despite the fact that 

there may be markedly improved eosinophil density. Percentage reduction in eosinophils in 

the esophagus has also been used as an endpoint in clinical trials. Recent studies also report 

an expanded list of endpoints including EoE HSS, endoscopic findings via EREFS, and 

esophageal distensibility. Again, the importance of discussing these endpoints lays in the 

difficulty of obtaining FDA approval for many drugs being studies for EoE, and how our 

monitoring for remission when caring for a patient on a medication may differ from that 

being used when defining efficacy of a particular drug.
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Transnasal Endoscopy

A recent advance in endoscopic monitoring of EoE has been transnasal esophagoscopy or 

endoscopy29. This is an endoscopy that is done in an awake patient that has shown to 

generate biopsy samples that are not statistically different from biopsies obtained during 

standard endoscopy, therefore creating a way to monitor EoE activity without sedation and 

anesthesia. It has been reported recently that virtual reality video goggles have been used to 

aid children in undergoing this procedure30. Transnasal endoscopy will allow outpatient 

endoscopy, done in the office, decreasing time and financial cost both to the patient and the 

healthcare provider.

The monitoring tools described above generally evaluate for what we in practice call clinical 

remission. Clinical remission takes symptoms and endoscopic findings into account while 

also seriously considering esophageal eosinophil density with a goal of < 15 eos/hpf to be 

defined. Ideally, the histologic criteria is used only as a piece of the puzzle – the patient’s 

quality of life, eating behaviors, EREFS score, esophageal disensibility and expanded 

histologic criteria should all be considered when making decisions regarding whether further 

steps in treatment should be taken or not.

Imaging

While fluoroscopic imaging such as esophagram cannot be used to quantify eosinophils in 

the esophageal mucosa, it is an important tool when monitoring disease activity in EoE. As 

discussed previously, over time EoE can lead to formation of clinically significant strictures, 

which may be too subtle to be noted at time of endoscopy31. Esophagram may be able to 

point to disease activity by identifying rings or narrow caliber esophagus, and may also 

guide preparation for endoscopy with dilation32, as well as prevent complication such as 

perforation or mucosal tear which may occur when endoscopy is performed without prior 

knowledge of a stricture. While esophagram will not provide definitive information on 

disease activity, it does serve to better characterize the esophagus and any potential 

narrowing more accurately than endoscopy.

Monitoring of Disease Activity in EoE –Where We Are Going

The diagnosis and treatment strategies in EoE rely heavily on endoscopic biopsy. Being able 

to non-invasively sample the esophagus or sample surrogate tissue (ie, blood/urine) would 

decrease anesthesia exposure and risk. It would also allow for patients to wean their 

medications or try a new diet without needing to undergo a procedure with each small 

modification.

String Test

An innovative development in monitoring EoE disease activity that is currently being 

validated is the esophageal string test (EST)33. The EST is a nylon string that has a gelatin 

capsule attached to the distal end. The patient swallows the capsule while the proximal 

string is wrapped around the finger and is then taped to the cheek. A small metal ball keeps 

the string in place in the patient’s stomach. When the string is removed after an hour34, it 

can be analyzed to detect eosinophil derived proteins. Current data suggests that the EST is a 
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sensitive tool for detecting esophageal eosinophilia. Further research is underway to further 

support this data and drive clinical development of this exciting tool which could decrease 

costs and patient risk by limiting need for endoscopy with or without anesthesia.

Cytosponge

The Cytosponge is another minimally invasive tool that has showed promising results in the 

monitoring of eosinophilic esophagitis35. The Cytosponge is enclosed in a capsule that 

dissolves within 5 minutes of entering the stomach. Once the capsule dissolves, a 3cm mesh 

sponge emerges and can be withdrawn by pulling the string that is attached to it. Specimens 

from the sponge are embedded in paraffin and undergo standard hematoxylin and eosin 

(H&E) staining as well as analyzed with trefoil factor-3. Accuracy of detection of 

esophageal eosinophilia has been promising36 with a sensitivity of 75% and a specificity of 

86%, although side effects such as esophageal abrasions and detachment of the sponge have 

been reported.

Blood, urine, salivary, and breath testing

Monitoring disease activity in eosinophilic esophagitis via blood tests is an active area of 

current research endeavors. A recent systematic review reports 41 studies evaluating disease 

activity with blood tests with a large proportion occurring in the last 5 years37. The authors 

note that major weaknesses of these studies involve 1) including proper controls (reflux or 

atopic controls) 2) timing the blood draw close to endoscopy 3) and retrospective design. 

Many approaches have been undertaken to find a clue to disease activity in the blood 

including cytokine levels, cell surface markers and granule proteins, as well as absolute 

eosinophil count (AEC). In fact, AEC has been evaluated in 16 different studies, 

unfortunately with varying and limited success.

While blood testing has been the most common approach taken for non-invasive biomarker 

development, urine, saliva, exhaled nitric oxide and stool have been evaluated as well38–42. 

None of these non-invasive biomarkers are currently being used beyond research, and many 

studies are moving beyond these bodily fluids and trying to capture the esophageal 

epithelium or the milieu using alternative modalities such as the string and the cytosponge 

(see below). At this moment modalities of assessing for esophageal inflammation that do not 

use actual esophageal tissue are not proven to be helpful and thus far should not be used in 

clinical practice.

Personalized Medicine and Phenotypic Characterization in EoE

In addition to the tests listed above, both invasive and non-invasive, a new realm of 

diagnostic modalities are being discovered and explored that will allow us to comment on 

future disease course and particular therapeutic options based on personalized medicine, 

expanding our ability to determine activity or inactivity at a moment in time and look ahead 

to effectively guide the disease course for each individual patient.

As highlighted in a recent review by Atkins et al43, age of presentation, number of food 

triggers, progression to fibrostenosis, response to proton-pump inhibitors and many more 

factors vary greatly from patient to patient. Understanding the molecular and functional 
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underpinnings of these phenotypes could lead to better characterization of disease and 

personalization of therapy. The promise of the tests described above is one of precision 

medicine and the ability to predict disease course and optimal treatment for individual 

patients.

Functional assessment of the esophagus

A major weakness of esophageal biopsy specimens is that it only captures a small portion of 

the esophageal epithelium and contains very little submucosa (ie, lamina propria and 

muscularis). In fact only about 50% of esophageal biopsies contain evaluable lamina propria 

and the tissue that is obtained is often crushed by biopsy forceps, making the yield even 

less44. Thus, there is a critical need to detect subtle degrees of remodeling that may be 

occurring but are not evaluable with current diagnostic modalities, including endoscopy31.

The Endoluminal Functional Imaging System (FLIP) is a technology developed to measure 

the pressure-geometry relationship of hollow organs through the digestive track (Fig 3). This 

tool is now being utilized to evaluate esophageal diameter and pressure in the context of 

EoE44–47. The first studies were performed in adults and these showed that in EoE there is 

reduced esophageal distensibility in the esophagus and that decreased esophageal 

distensibility could predict future dilation or food impaction. In adults there was no 

difference between patients with active EoE compared to inactive EoE, but distensibility did 

improve with therapy48.

Pediatric studies have similarly found that there is decreased esophageal distensibility and 

compliance in the EoE esophagus compared to age/size matched control patients. However, 

in contrast to the studies performed in adults, Menard-Katcher et al showed that there are 

differences in distensibility between the active and inactive EoE population44. In fact, 

eosinophil count in the esophagus was negatively correlated with esophageal distensibility in 

the pediatric population. These findings suggest that in children, when there have been fewer 

years of active inflammation, there are reversible inflammatory changes rather than 

irreversible fibrogenesis and highlight the need for improved natural history studies to 

evaluate disease progression from childhood into adulthood.

Evaluation of the epithelial integrity

Mucosal impedance (MI) is a recently developed catheter designed to go through the 

endoscope to measure esophageal epithelial conductivity 49. This tool has been validated to 

detect changes in mucosal integrity that can help distinguish patients with GERD, EoE, or 

neither 50. Mucosal impedance measurements have been shown to correlate inversely with 

eosinophil counts and dilated intercellular spaces (DIS) in a pattern that differentiates EoE 

from GERD 51. This tool has been validated in pediatrics, with lower resistance in patients 

with active EoE compared to inactive EoE, NERD, or controls 52.

More recent analysis of mucosal impedance in EoE shows that the sub-upper esophageal 

sphincter (Sub-UES) region of the esophagus seems spared from these changes in mucosal 

integrity in the setting of EoE. In addition to normal MI values in the Sub-UES, Choski et al 

showed that this region was also spared in large part from histologic findings (intraepithelial 

eosinophils, dilated intracellular spaces and basal cell hyperplasia) found in the rest of the 
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active EoE esophagus53. While this procedure is still used for research purposes only, 

understanding the variation in mucosal integrity along the esophageal body provides novel 

insight into the pathophysiology of EoE and may lead to more in depth characterization of 

patient phenotype.

Transcriptome Analysis

While EoE is generally considered a disease of atopic individuals who present with 

dysphagia, transcriptome analysis has revealed heterogeneity across the EoE population. The 

Eosinophilic Esophagitis Diagnostic Panel (EDP) utilizes quantitative PCR of the 95 most 

dysregulated genes in EoE54. This panel has been shown to accurately distinguish EoE 

biopsies from non-EoE biopsies. Additionally, this panel was used to correlate clinical, 

endoscopic, and histologic findings with transcriptome data revealing 3 distinct endotypes of 

EoE55. The first endotype, termed EoEe1, was found have a mild phenotype with decreased 

endoscopic and histologic findings. EoEe2 tended to patients who were refractory to 

treatment with topical steroids whereas EoEe3 type patients were more likely to have adult 

onset disease and narrow caliber esophagus. One downfall of using transcriptomes to define 

a patient’s individual disease is that there is evidence that the transcriptomes can change 

over time even within the same patient depending on disease activity.

Differentially dysregulated transcripts suggest that the pathophysiology of EoE may be 

heterogeneous as well. With these data, there is potential to provide prognostic information 

to patients (ie, possibility of dilation) and the potential to predict response to therapy.

Genetics

The first single nucleotide polymorphism associated with EoE was thymic stromal 

lymphopoietin (TSLP) gene, at 5q22. This gene polymorphism was identified by genome 

wide array studies (GWAS) by Rothenberg et al56. TSLP acts to trigger the inflammatory 

cascade in atopic conditions, inducing T-helper (Th)-2 type inflammation57. Studies have 

shown a gain of function effect in cases with the risk allele. Patients with one or two copies 

of the risk allele were more likely to have 3 or more EoE related food allergies58. Similarly, 

in vitro analysis showed that primary esophageal cultures from patients homozygous for the 

risk allele produced significantly more TSLP than those that were heterozygous.

TGFβ is the major effector cytokine in fibrosis59, 60. It activates fibroblasts to produce 

collagen and contract. It has been shown that patients with TT genotype at the C-509 SNP of 

the TGFβ promoter had more TGFβ content and epithelial remodeling than those with CC at 

this locus. These effects were enhanced in patients with food sensitization.

There are other SNPS being investigated with regards to disease phenotype and 

characterization of disease; however, these examples represent direct relationships between 

genotype and patient phenotype. In the future, as we gain a better understanding of these 

polymorphisms in EoE, we may gain insight into prognosis and personalized therapies.
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Conclusion

The diagnosis and monitoring of EoE continues to be an evolving process with a variety of 

emerging technologies being evaluated and investigated. Current monitoring practices being 

commonly used include patient reported outcomes, fluoroscopy, and endoscopy with 

histologic evaluation. A small number of sites around the country are routinely using new 

technology for monitoring of EoE, including FLIP and transnasal endoscopy. An incredible 

array of non-invasive biomarkers are under investigation for future use in monitoring of 

EoE, ranging from the string test and cytosponge to serum monitoring. The standard for 

monitoring of EoE will continue to change and develop in the upcoming years, allowing for 

techniques that undoubtedly have positive consequences for both patients and providers, 

allowing insight both into the patient’s current state of disease, as well as what their 

individual future may hold. The future of EoE is exciting from both a diagnostic and 

therapeutic standpoint with the existence of a clinical potential to tell patients the future 

course of their particular version of the disease along with the best treatment. As the world 

of personalized medicine continues to unfold, and unprecedented advancements continue to 

emerge, EoE is one of the fields in which these incredible discoveries will play a crucial 

role.
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Key Messages

• The burden of endoscopy in EoE is great, with many patients undergoing 

multiple endoscopies in order to verify treatment success

• The gold standard for monitoring disease activity EoE is histologic evaluation 

and eosinophil enumeration

• While symptoms have been less reliable to track disease activity, there are 

multiple non-invasive methodologies being investigated to sample the 

esophageal tissue

• A better understanding of disease phenotype, genotype and transcriptome 

may lead to more personalized approaches to diagnostics and therapeutics in 

EoE
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Figure 1: 
Current and future modalities for monitoring in Eosinophilic Esophagitis
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Figure 2: 
Histologic changes in active Eosinophilic Esophagitis: in addition to eosinophilia, other 

mucosal and submucosal abnormalities include basal cell hyperplasia, dilated intercellular 

spaces, and lamina propria fibrosis.
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Figure 3: 
After the catheter is inserted and the balloon is inflated, a real time image of the esophagus 

appears on the FLIP monitor. The diameter is shown on the left and the balloon pressure at 

the bottom of the screen. Analysis is performed to determine the distensibility of the 

esophagus by taking the minimum diameter along the esophageal body at a pressure of 

40mmHg accounting for peristalsis and respiration. This case represents a patient with EoE 

and lower esophageal narrowing not appreciated on endoscopy with a diameter of 9.95mm 

at a pressure of 40mmHg.
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