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Abstract  

EoE incidence and prevalence have sharply increased in the last decade and management of these 

patients is changing rapidly. Standard regimens as elimination diet, proton pump inhibitors and 

topical swallowed steroids are not able to achieve remission in all patients. Moreover, loss of efficacy 

and safety concerns for long-term medical treatments are rising questions. As for other chronic 

immune-mediated diseases, biologics have been evaluated for treatment of EoE. Several targets in 

the Th2-mediated inflammatory cascade with eosinophilic mucosal infiltration, have been tested with 

alternating results. This review provides a comprehensive discussion of the available studies 

evaluating biologics in EoE and the possible future options most desirable for these patients.   

 



Introduction 

 Eosinophilic esophagitis (EoE) is a chronic, immune/antigen-mediated esophageal disease, 

characterized by symptoms related to esophageal dysfunction and, histologically, by eosinophil-

predominant inflammation12. The incidence and prevalence of EoE have deeply increased during the 

last decade, especially in Western countries. Nowadays it is considered the main cause of dysphagia 

in young patients and the second cause of chronic esophagitis after gastro-esophageal reflux disease 

(GERD)3,4. Standard regimens as topical swallowed steroids (STC), proton pump inhibitors (PPIs) 

and elimination diets, are able to reach remission in most  patients5,6. Anyway, there are some patients 

with severe disease that require systemic steroid treatments. Moreover, especially in the long term, it 

seems that PPIs and STC could lose their efficacy7 and also patients adherence to chronic daily 

treatment seems to decrease over the time. 

 Biologics are effective and useful in many immune-mediated diseases. Starting from the better 

knowledge of the inflammatory cascade behind EoE pathogenesis, many molecules and cells have 

become possible targets to reverse esophageal eosinophilic inflammation. Borrowing information 

from other Th2 mediated disorders, like eosinophilic asthma and atopic dermatitis, several 

monoclonal antibodies have been tested in the last decade, showing swinging results. 

 In EoE, food and inhalator derived antigens activate epithelial and dendritic cells to produce 

homing and retention factors, that cause migration of immune cells8 (figure 1). These cells produce 

several cytokines, as IL-13, IL-4, IL-5 and thymic stromal lymphopoietin (TSLP), determining 

activation of Th2 cells. These, in turn, produce several cytokines that perpetuate the inflammation 

and trigger plasma cells to produce IgE.  IL-5 acts on eosinophil precursors stimulating their 

differentiation, maturation and release from the bone marrow. IL-13 and IL-4 promote the 

transcription of calpain-14 and CCL26/eotaxin-3 genes, with the results of increasing the 

permeability of the epithelial membrane and further recruitment of eosinophils and mast cells9,10. 

These cells use sialic acid-binding immunoglobulin-type lectins (Siglecs), which are present on their 

membrane surface, to bind and interact with other immune cells11. In an inflammatory environment 

with Th2 cytokines and eotaxins, eosinophils regulate the process of epithelial-mesenchymal 

transition, which leads to fibrotic remodeling of the esophagus. 

Biologics 

 Monoclonal antibodies are spreading widely in many fields of medicine, but these drugs have 

been tested for EoE only recently. The first report has been published in 2008, when infliximab, an 

antibody against the tumor necrosis factor-α (TNF-α), has been tested in three adult patients with 



severe EoE. Despite TNF-α has been shown to be upregulated in esophageal biopsies from EoE 

patients12, infliximab failed in inducing clinical and histological remission, after two infusions13. 

Starting from this first report, nowadays, there are many ongoing clinical trials, also in phase II and 

III, testing several monoclonal antibodies targeting the Th2 inflammatory cascade at various levels. 

They are listed below, with a brief summary of their characteristics and data available in literature 

(table 1).  

 

Omalizumab (anti IgE) 

 Presence of antigen-specific IgE is common in EoE patients8. Moreover, increased levels of 

IgE-positive cells are frequently identified in esophageal samples of active EoE14. From a 

pathophysiological point of view, this is due to the cytokinic milieu of Th2 inflammatory response, 

that promotes a class-switching of plasma cells with the production of IgE. Omalizumab is an anti-

IgE monoclonal antibody, effective in patients with allergic asthma and chronic urticaria. It acts 

binding free serum IgE and preventing their interaction with mast cell and granulocyte receptors, 

avoiding their degranulation. Firstly, an open-label trial evaluated omalizumab in 15 EoE patients, 

but after 12 weeks of treatment, although tissue IgE levels significantly diminished, clinical-

histologic remission was achieved only in 33% of them14. Subsequently, a double-blind, placebo-

controlled trial of EoE adults evaluated omalizumab every 2-4 weeks for 16 weeks, based on weight 

and serum level of IgE. Compared to placebo, there were no differences in terms of eosinophil count 

nor in symptom improvement15. Anyway, researchers found abundant granular deposits of IgG4 on 

biopsies, plasma cells containing IgG4 and serum IgG4 levels reactive to specific foods, that 

highlighted the hypothesis that EoE is an IgG4- and not an IgE-induced allergy15. Moving to other 

eosinophilic gastrointestinal disorders (EGIDs), a 16-week open-label trial of omalizumab in 9 

eosinophilic gastroenteritis (EGE) patients, showed a decrease in absolute eosinophil count, a modest 

trend of improvement of gastric and duodenal eosinophilic infiltration, but no significant 

improvement of esophageal eosinophil count16. 

Vedolizumab (anti - α4β7) 

 Integrin α4β7 is expressed over T lymphocytes and eosinophils17 and helps regulating their 

traffic to the site of inflammation, binding the mucosal vascular addressing cell adhesion molecule 1 

(MAdCAM1), expressed on endothelial cells in the intestinal tract. It is not typically expressed in the 

esophageal endothelium, but in vitro studies showed that MadCAM1 may be induced in the 

esophagus by inflammatory mediators18. Vedolizumab (VDZ) is an anti-α4β7 integrin monoclonal 



antibody that avoids leukocytes to bind MadCAM1, causing a targeted intestinal anti-inflammatory 

action19. It also blocks αEβ7 integrin/E-cadherin axis, a marker found on Th2 cells in EoE20. Possible 

usefulness of VDZ firstly derived from two case reports of patients with EoE and Crohn’s disease 

that experienced clinical and histologic responses after 6–12 months of therapy21,22. Moving to other 

EGIDs, VDZ has been tested in five refractory or steroid dependent EGE patients. Two of them had 

a clinical-histologic improvement and were able to discontinue/decrease systemic steroids. Another 

one had clinical improvement but did not undergo endoscopic reassessment23. Moreover, in another 

case series, ¾ of steroid-refractory EGE patients experienced a clinical and histological 

improvement24.  

 

Mepolizumab, reslizumab (anti - IL-5) and benralizumab (anti - IL-5Rα) 

 

 IL-5 plays a fundamental role in eosinophil maturation and release to the peripheric tissues, 

making it a perfect therapeutic target in EoE. Anti-IL-5 treatments are already effectively used in 

patients with severe eosinophilic asthma and nasal polyposis25,26. IL-5 gene appeared upregulated in 

esophageal samples of active EoE patients, and CD4+ T cell expression of IL-5 correlates with 

esophageal eosinophilia severity27,28. Three monoclonal antibodies have been tested against this 

pathway: mepolizumab and reslizumab, binding directly IL-5, and benralizumab, directed against the 

IL-5Rα. 

 

Mepolizumab 

 Encouraging preliminary results came from a study including four adult patients with EoE 

non-responder to steroids and dietary modifications. After three months of therapy peak eosinophil 

count decreased from 153 to 28 eos/hpf, and a significant clinical improvement was reported29. In a 

subsequent randomized clinical trial (RCT), 5 patients treated with two weekly infusions of 750 mg 

of mepolizumab, presented a significant decrease in mean esophageal eosinophilia by 54%, even if 

without achieving < 5 eos/hpf (primary endpoint). Two additional infusions of 1500 mg of 

mepolizumab did not determine any benefit. Endoscopic findings and symptoms did not significantly 

improve compared to placebo30. Similarly, 59 children were randomized to receive mepolizumab 

infusions of 0.55, 2.5, or 10 mg/kg every 4 weeks. After 3 infusions, 89.5% achieved a mean 

eosinophil count of  <  20 eos/hpf with a significant reduction in epithelial eosinophil count, but only 

five (8.8%) achieved a peak < 5 eos/hpf. No significant symptom improvement was reported31. In a 

case report, mepolizumab and omalizumab were used together to control symptoms in a patient with 

EGE and severe asthma, refractory to multiple therapies32. 



 

Reslizumab 

 Efficacy of this biologic was evaluated in children and adolescents. A RCT including two-

hundred twenty-six patients evaluated reslizumab (4 i.v. infusions of 1, 2 or 3 mg/kg) every 4 weeks. 

In both drug and placebo groups, an improvement in global assessment scores was assessed by 

physicians, without statistically significant differences. Complete histological remission (< 5 eos/hpf) 

was achieved only in 4.4% of patients33. Anyway, this study was burdened by short treatment length, 

that could explain lack of efficacy. The open-label extension of this trial on 6 patients evaluated 

reslizumab efficacy and safety over a follow-up period of 9 years, demonstrating both histologic and 

symptomatic long-term response34. 

 

Benralizumab 

 Benralizumab blocks the IL-5 receptor on eosinophils inducing antibody-dependent cellular 

toxicity. Data from a subgroup of patients with hyper-eosinophilic syndrome and gastrointestinal 

involvement, have shown interesting results. Tissue samples from the seven patients with 

gastrointestinal eosinophilia, obtained at week 24, showed nearly complete depletion of eosinophils 

(≤ 1/hpf)35. A phase 3 study ( MESSINA trial ) evaluating benralizumab in EoE patients, is going to 

start soon.  It will evaluate clinical, endoscopic and histologic efficacy over a 52-week treatment 

period (including a 24-week double-blind placebo-controlled treatment phase and a 28-week open-

label treatment period) (NCT04543409). Moreover, a placebo-controlled RCT (NCT03473977) is 

now ongoing in eosinophilic gastritis (EG) and EGE.  

 

QAX576 and RPC4046 (anti IL-13) 

 IL-13 is a key cytokine in EoE pathogenesis, which is produced by Th2 lymphocytes. It acts 

promoting eosinophil chemotaxis through the increase of the concentration of eotaxin-3 and it 

determines epithelial dysfunction, reducing gene expression of adhesion and membrane proteins36. 

Moreover, it is involved in fibrotic remodeling through the stimulation of collagen deposition37. 

Accordingly, IL-13 mRNA levels are elevated in esophageal samples from active EoE patients37. 

QAX576 and RPC4046 are two monoclonal antibodies that are being evaluated in EoE through 

RCTs, that block IL-13 from binding its receptor. 

 

QAX576 (dectrekumab)   

 



 The first anti-IL-13 monoclonal antibody tested in EGIDs was QAX57638. In a RCT, 23 adults 

with EoE received QAX576 (6 mg/kg) or placebo (2:1) at weeks 0, 4, and 8, with a 6-month follow-

up. Even if the primary end point was not achieved at week 12 (> 75% decrease in peak eosinophil 

counts) and no patient reached histological remission, the mean esophageal eosinophil count showed 

a reduction of 60% with QAX576 versus an increase of 23% with placebo. No significant 

improvement of frequency and severity of dysphagia, assessed with Mayo Dysphagia Questionnaire, 

was shown38. Indeed, subsequent trials have been discontinued. 

 

 RPC4046 (cendakimab)  

 

Contrary to QAX576, hopeful results came from a placebo-control RCT of RPC4046, another anti 

IL-13 monoclonal antibody39.  Ninety-nine active EoE adult patients randomly received RPC4046 

(180 or 360 mg) or placebo (1:1:1) once a week for 16 weeks. Both RPC4046 groups showed a 

statistically significant reductions in mean eosinophil count compared to placebo. Also, the peak 

eosinophil count was significantly reduced, with half of treated patients of both RPC4046 groups 

having < 15 peak eos/hpf, compared with 0% placebo (p<0.0001). 25% of patients in the 180 mg and 

20% in the 360 mg RPC4046 group had < 6 peak eos/hpf after treatment. At week 16, a significant 

improvement in endoscopic reference score (EREFS), histological scoring system (EoEHSS) and 

patient’s global evaluation of disease severity was assessed. Anyway, the trend of improvement of 

the dysphagia symptom diary (DSD) composite score was not statistically significant. To note, in this 

study also patients previously refractory to topical steroids were included, showing similar 

encouraging response rate to RPC4046 as the non-refractory ones39. Recently, the 52-week, open-

label, extension trial of RPC4046 has been published40. A year of RPC4046 treatment resulted in 

continuative improvement and/or maintenance of endoscopic, histologic, and clinical benefits. 

 

Dupilumab (anti IL-4 R) 

 IL-4 and IL-13 are two Th2 cytokines, which have in common about 30% of their sequences. 

Differently from IL-13, IL-4 levels in the esophageal epithelium of patients with EoE are similar to 

those of healthy controls41. Both interleukins pathways overlap downstream, because of their binding 

to a common heterodimeric receptor (IL-4Rα and IL-13Rα1)42. For this reason, therapies directed to 

IL-4 and IL-13 individually could be ineffective. Dupilumab targets the IL- 4ɑ receptor subunit, 

blocking the action of both interleukins. Thanks to its efficacy, it has already been approved for 

asthma and atopic dermatitis treatments, while ongoing trials are now evaluating dupilumab in EoE.  



A phase II, double-blind, placebo-controlled RCT (NCT02379052) evaluated adult patients with 

moderate to severe EoE. Forty-seven patients were randomly allocated to receive dupilumab, 600-

mg loading dose followed by 300 mg weekly, or placebo, for 12 weeks 43. The primary endpoint, a 

significant improvement in the Straumann’s Dysphagia Symptom score in treated patients at week 

10, was achieved (45% vs. 19% improvement from baseline, p < 0.05). Moreover, considering 

secondary aims, 82.6% of treated patients reached a peak eosinophil count < 15 eos/hpf and 65.2% 

below 6 eos/hpf. Accordingly, treated patients significantly improved their EREFS and EoEHSS 

scores, as well as the compliance of the esophagus, measured by Endoluminal Functional Lumen 

Imaging Probe (endoFLIP). Dupilumab long-term efficacy and tolerability is being evaluated in an 

ongoing phase III RCT (NCT03633617), comparing 300 mg dose once a week or every two weeks 

compared to placebo, in adults and adolescents with EoE. 

 A phase II trial (NCT03678545) is also investigating dupilumab use in EG, with patients 

receiving 600 mg loading dose followed by 300 mg dose every 2 weeks, or placebo, for a period of 

six injections, with an optional open-label phase in the case of efficacy.  

Potential Therapeutic Targets for EoE  

 Mechanisms behind EoE histological activity are far to be completely understood. 

Considering the involved inflammatory cascade, different monoclonal antibodies could act on several 

molecules and cells, being potentially effective in reducing eosinophilic inflammation and symptoms 

related to esophageal dysfunction. 

Tezepelumab (anti-TSLP) 

 TSLP is a cytokine produced by epithelial cells, that plays an important role in many immune-

mediated disorders, as inflammatory bowel disease (IBD), bronchial asthma and atopic dermatitis36. 

It is also an effective chemokine for eosinophils and resulted upregulated in patients with active 

EoE44. It acts activating antigen presenting cells, as food antigen-presenting dendritic cells in the 

esophageal mucosa, and promoting a TH2-weighted inflammatory response45. Preliminary data in 

murine models of EoE showed that anti-TSLP agent reduce esophageal eosinophilia and food 

impaction46. Tezepelumab (AMG 157), a fully human anti-TSLP antibody, has shown its efficacy in 

the treatment of adult patients with uncontrolled asthma, in a phase IIb RCT and could represent a 

promising option to test in EoE patients47. 

AK001 and AK002 (anti-Siglec-8)  



 Sialic acid-binding immunoglobulin-type lectins (Siglecs), are cell surface proteins that act 

on the membrane of several immune cells, playing a role in cell signaling and modulation of the 

immune system. Eosinophils, mast cells, and basophils preferentially express Siglec-8, that is 

involved in eosinophil apoptosis and clearance, inhibition of mast cell-released mediators, and reverse 

tissue remodeling48. Preliminary data from a murine model of EoE, showed that anti-Siglec-8 

monoclonal antibody administration determines eosinophil reduction in esophageal, blood, and bone 

marrow samples49. Similar results were confirmed in a murine model of EGE with a significant 

reduction of eosinophils and mast cells in gastro-intestinal tissues, and decreased concentrations of 

inflammatory mediators50. When a monoclonal antibody binds to Siglec-8, apoptosis of activated 

eosinophils and inhibition of mast cell activation are induced. Clinical trials with antibodies activating 

Siglec 8 (AK001 and AK002) are ongoing in nasal polyposis, systemic mastocytosis and 

keratoconjunctivitis. A phase II RCT (ENIGMA) evaluated AK002 (1 or 3 mg/kg) vs placebo for 3 

months, in adult patients with EG and/or EGE51,52. A 95% mean reduction of eosinophil counts in 

gastric and/or duodenal biopsies from baseline in treated patients has been shown. Moreover, 69% of 

treated patients presented a clinical and histological response, compared to 5% in placebo group. No 

significant differences in efficacy between low and high doses of AK002 were shown.  To date, 

several trials are registered (NCT03664960 NCT04322708 NCT03496571 NCT04322604), in order 

to confirm efficacy, safety and tolerability of this biologic in EGIDs. 

  

Discussion and conclusion 

 The last two decades have shown a great explosion of knowledge about EoE. In parallel, many 

therapeutic formulations have been tested and found effective for its treatment. The three main 

treatments, PPIs, swallowed topical corticosteroids and dietary regimens are able to induce a clinical 

and histological remission in the majority of patients. However, almost all of them are still off-label 

and not approved for EoE patients. Moreover, with the growing prevalence and longer follow-up 

periods, new therapeutic needs have born. In recent years, the idea that biologics could be useful for 

EoE started to be real. A position for these drugs in the therapeutic algorithm is far to be found. 

Translating considerations from other immuno-mediated chronic inflammatory disorders, such as 

IBD and asthma, biologics are useful in case of severe disease, steroid-refractory/non-responder 

patients, loss of response or low compliance to daily administered treatments, for steroid free 

maintenance therapies and in patients with several atopic comorbidities. Starting from the first 

possible indication, namely severe disease, even if efficacy of biologics could not be immediate, they 

could be of help in a combined treatment with steroids. Moving to steroid refractory patients, even if 

data are heterogenous53,54, the latest studies with topical steroids showed an histological response rate 



of up to 93%6, so steroid refractoriness as indication appears to be limited to a small subgroup of 

patients. On the contrary, it seems that the loss of response over time could reach a significant 

percentage, about 50% after one and a half year55. Adjunctively, a multiple daily intake could 

determine low patient compliance. Biologics, with their longer inter-administration period, and the 

fact that they are performed in a medical setting for i.v. administration, could help to achieve better 

adherence rates. An additional consideration in favor of monoclonal antibodies is that EoE patients 

frequently present several atopic and immune-mediated disorders and a single agent could be 

effective in switch off the Th2 inflammatory pathway in all districts. So, patients with comorbidities 

as asthma, dermatitis and rhinitis, may discontinue multiple topic treatment and benefit from a single 

systemic therapy.  

 But not all that glitters is gold. Monoclonal antibodies present some limitations and worries 

related to their safety, cost-effectiveness and long-term efficacy. Although a high safety profile has 

been highlighted in published trials, real-world studies completely dispelling doubts related to an 

increased neoplastic and infective risks are still lacking. However, antibodies targeting the Th2 

inflammatory pathway seem to present a favorable safety profile also in a long-term use setting, 

compared to other biologics56. Anyway, side effects and adverse events as hypersensitivity reactions, 

immune imbalance, overstimulation and cross-reactivity, have been reported and should be 

considered 57,58. Moreover, long-term studies are required to evaluate continuative efficacy of these 

drugs in EGIDs. Loss of response could be related to formation of neutralizing antibodies, individual 

differences in bioavailability and pharmacokinetics, and increased drug clearance59. These problems 

could determine necessity to increase doses, shortening administration intervals or associations with 

immunosuppressants drugs59. Another important issue of the advent of biologics on EoE is related to 

a possible increase of management costs; an aspect poorly evaluated to date60,61. A burdening of costs 

is plausible, considering that a single dose of biologic could have a higher yearly cost than standard 

medicaments and that more medical evaluations for the administration of these drugs, clinical 

monitoring and endoscopic efficacy assessments could be required. It is also possible that more 

effective therapy with a single agent, acting in several immune-mediated diseases, could help 

reducing medical and social costs, especially in terms of less absenteeism and higher productivity at 

work62. Cost-effectiveness studies are indeed required to identify and set the ideal position of these 

drugs in the EoE management algorithm. 

 

 In conclusion, the coming years will probably see important changes in our way to manage 

EoE patients, thanks to the advent of biologics, able to overcome limitations of standard treatments. 



Among those that are being studied, dupilumab represents the most promising one for the near future. 

In parallel with the blooming of trials testing new biologics, studies focused on a better knowledge 

of the inflammatory response and the differences among patients, are necessary to customize among 

available treatments offering a really effective target therapy. Moreover, cost-effective studies are 

required to evaluate feasibility in real-world scenario. 

 The possibility that these drugs could positively upset the management of EoE is not more a 

utopic hope, but a real chance for patients. 
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Figure 1. Mechanisms of Eosinophilic Esophagitis pathogenesis and therapeutic targets 

  



Table 1. Biologics acting on Eosinophilic Esophagitis  

Monoclonal 

antibodies 

Pharmacological 

targets 
Related references 

Infliximab TNF-α 13 

Omalizumab IgE 14,15,16,32 

Vedolizumab α4β7 21,22,23,24 

Mepolizumab IL-5 29,30,31,32 

Reslizumab IL-5 33,34 

Benralizumab IL-5Rα 35, NCT04543409, NCT03473977 

QAX576 IL-13 38 

RPC4046 IL-13 39,40 

Dupilumab IL-4R 43, NCT02379052 

Tezepelumab TSLP 46 

AK001 Siglec-8 49,50 

AK002 Siglec-8 

49,50,51,52, NCT 03664960, 

NCT04322708, NCT03496571, 

NCT04322604 

 

TNF: tumor necrosis factor; IgE: Immunoglobulin E; IL: Interleukin; TSLP: Thymic Stromal 

LymPhopoietin; Siglec: Sialic acid-binding immunoglobulin-type lectin 

 


