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ABSTRACT
Celiac disease (CeD) is a chronic autoimmune enteropathy triggered by dietary gluten in genetically predisposed individuals. 
Currently, a gluten‐free diet (GFD) is the only available treatment, being effective in improving mucosal health and symptoms. 
However, a considerable percentage of celiacs continue to exhibit residual mucosal damage and symptoms. In addition, dietary 
lapses, and social and nutritional problems pose difficulties with the GFD. Hence, there is an unmet need for new treatments in 
CeD, driving the development of pharmacologic interventions, with several new drugs in various stages of clinical development. 
These drugs target distinct steps in the immune pathology of CeD and are intended for patients who continue to experience 
symptoms despite trying to follow a GFD. Also, the treatment should heal the defective small intestinal mucosa, which is 
believed to be linked to the risk of long‐term complications. This review summarizes emerging CeD therapies, covering trial 
progress, mechanisms, and potential clinical applications.

1 | Introduction

Celiac disease (CeD) affects approximately 1%–2% of the global 
population, though prevalence varies by region and genetic 
background [1]. It results from an immune response to dietary 
gluten, a protein found in wheat, barley, and rye, in in-
dividuals carrying HLA‐DQ2 or HLA‐DQ8 alleles [2]. The 
gluten‐free diet (GFD) remains the cornerstone of treatment 
and is usually effective at alleviating symptoms, promoting

mucosal recovery and reducing the risk of developing long‐ 
term complications [3, 4]. However, the GFD can be insuffi-
cient, as symptoms can persist in up to 40% of patients, defined 
as non‐responsive, and follow‐up endoscopy frequently reveal 
ongoing mucosal damage [5–7]. Furthermore, strict adherence 
to a GFD is challenging because gluten is ubiquitously used by 
the food industry, and even trace contaminations, as low as 
50 mg of gluten, or one five‐hundredth of the average daily 
intake, can be sufficient to sustain an inflammatory immune
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response in the intestinal mucosa [8]. Additional problems of a 
GFD include potential nutritional imbalances, specifically lack 
of dietary fiber and various essential micronutrients [9, 10]. 
Accidental gluten exposure from dietary contaminations is an 
everyday problem faced by CeD patients, often leading to 
debilitating symptoms akin to acute food poisoning [11]. Social 
problems, such as difficulties eating out and anxiety around 
shared meals, also add to the daily burden [12]. These com-
bined burdens underscore the unmet need among clinicians 
and patients for adjunctive or alternative treatment options 
in CeD.

Academic research has deepened our understanding of CeD 
pathogenesis, enabling the development of disease‐specific ther-
apies. We have categorized the current interventional approaches 
to target the immune response in CeD in four mechanistic path-
ways (Figure 1): luminal or epithelial processes, including 
degradation or sequestration of gluten prior to immune recogni-
tion and modulation of intestinal permeability; intervening at the 
level of gliadin presentation, that is targeting transglutaminase‐2 
(TG2) activity or disturbing the interaction of the MHC‐II com-
plexing with gliadin; re‐introduction of oral immune‐tolerance to 
gliadin; and stopping pro‐inflammatory signaling [13–16]. 
Several agents within these categories have reached Phase 2 
clinical trials, with some demonstrating promising histologic and 
symptom‐based efficacy in gluten challenge studies (Table 1). 
However, subsequent studies should also demonstrate efficacy 
without a gluten challenge, in accordance with regulatory guid-
ance from the FDA [49]. Guidance from regulatory authorities 
such as the FDA and EMA is crucial, as compliance with them can 
be decisive for the final market approval of a drug. The FDA's draft 
guidance for adjunctive treatments to a gluten‐free diet in CeD 
was received critically, yet it set new standards regarding key el-
ements of study design. As such, the FDA mandates a 52‐week 
trial duration for chronically administered compounds and stip-
ulates the use of well‐defined patient‐reported outcomes and 
histological endpoints as primary study objectives [49].

Herein, we undertake a narrative review of the landscape of 
CeD drug development to date, including both active and dis-
continued treatment strategies, while highlighting the chal-
lenges and limitations of celiac drug research, particularly those 
related to trial design and the selection of patient populations 
most likely to need and benefit from these therapies.

2 | Luminal and Epithelial Protection

Luminal CeD therapies aim to neutralize or degrade gluten 
before it triggers an immune response. These approaches include 
enzymes breaking gluten into smaller, non‐immunogenic oligo-
peptides, antibody‐based agents binding gluten, and molecules 
decreasing intestinal barrier permeability.

Latiglutenase (IMGX003, previously ALV‐003) is an orally 
administered combination of two engineered gluten‐specific 
recombinant proteases: cysteine endoprotease B, isoform 2 
from barley (Hordeum vulgare), and prolyl endopeptidase 
derived from the bacterium Sphingomonas capsulate [50]. In the 
first gluten challenge study, latiglutenase showed promising

results, preserving the villous height–to–crypt depth ratio (VH: 
CrD) and reducing the number of intraepithelial lymphocytes 
(IELs) [13, 50]. However, in subsequent studies, latiglutenase 
did not demonstrate mucosal healing or symptom relief in non‐ 
responsive celiacs and therefore did not meet regulatory guid-
ance [21]. No clear effect was observed either in a later study 
with a higher dose of latiglutenase in well‐controlled CeD pa-
tients [22, 23].

Zamaglutenase (TAK‐062) is a computationally engineered 
endopeptidase that exhibits enhanced proteolytic activity and 
specificity toward proline–glutamine dipeptide motifs, which 
are enriched in immunogenic regions of gliadin peptides that 
resist enzymatic degradation in the bowel. In a phase I trial, it 
was well tolerated and capable of degrading up to 6 g gluten in 
vivo [51]. However, in the Phase 2 study TAK‐062 not only 
failed in reducing symptoms in CeD patients with minor 
simulated gluten exposure but also led to a significant reduction 
of the VH:CrD, implying an unprecedented negative effect on 
the mucosa [41, 52]. These results led to the discontinuation of 
the TAK‐062 program [28].

Other enzymes demonstrating efficacy in gluten degradation 
are Aspergillus niger prolyl endopeptidase (An‐PEP/GliadinX) 
[35, 53] and endoprotease 40 (E40) that effectively and rapidly 
digest gluten in ex vivo models. Of these, AN‐PEP is already 
available over the counter, without being developed as an 
accepted treatment for CeD, while E40 remains a candidate for 
future trials [36, 54].

Oral egg yolk‐derived antigliadin antibody (AGY010), developed 
to neutralize and sequester gluten while in the small bowel 
lumen, has demonstrated good safety and potential symptom 

improvement as published 8 years ago [27]. A similar mecha-
nism of action is present for the BL‐7010‐copolymer‐poly 
(hydroxyethyl methacrylate‐co‐styrene sulfonate) of which no 
results have been published from a Phase 1/2 trial [55].

Another strategy to protect CeD patients from gluten has been 
to stabilize the intestinal barrier and to reduce transepithelial 
gluten passage to the lamina propria, with larazotide‐acetate as 
an example of such a drug. However, although it reduced 
symptoms, its Phase 3 trial was discontinued due to lack of ef-
ficacy [56, 57]. Remarkably, doubts on the published mecha-
nism of this compound arose at a later point in time [58]. The 
sirtuin‐6 activator IMU‐856 is another drug targeting the in-
testinal epithelium. The postulated mechanism contributes to 
enterocyte regeneration by transcriptional regulation. Recently, 
IMU‐856 showed safety and a modest effect on small intestinal 
mucosa architecture in CeD patients challenged with gluten in a 
Phase 1 study [30, 31].

3 | Transglutaminase 2 and HLA‐DQ Blockers

Tissue transglutaminase (TG2) is the CeD autoantigen, and 
autoantibodies to TG2 have a high predictive value for the 
presence of active CeD [59]. By its deamidating capacity, in-
testinal TG2 is crucial for mounting the T cell‐dependent im-
mune response, as deamidation of glutamine residues within
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the gliadin epitopes significantly increases the affinity of these 
peptides to the MHC‐II binding groove, thereby enabling effi-
cient gliadin presentation and consecutive activation and clonal 
expansion of gluten‐specific CD4+ T cells [60, 61]. TG2 in-
hibitors, developed early‐on, blocked in vitro gluten deamida-
tion [62] and attenuated TG2 activation in an intestinal 
inflammation model in vivo [63]. Notably, mice with deletion of 
the TG2 gene do not display a pathogenic phenotype even in 
stressed conditions, suggesting compensation by other trans-
glutaminases that are irrelevant for CeD [64, 65]. ZED1227 was 
developed as a potent and selective TG2 inhibitor, with more 
than 100‐fold higher specificity for TG2 over other trans-
glutaminases such as TG1, TG3, TG6 or coagulation factor XIII,

and absent toxicity in preclinical and Phase 1 clinical studies 
[66]. A phase 2a clinical study in 160 CeD patients in remission 
on a GFD challenged with 3 g of gluten daily for 6 weeks 
revealed that ZED1227 significantly attenuated or prevented 
gluten‐induced mucosal damage and inflammation, as well as 
mild gluten‐induced symptoms [14]. ZED1227 also prevented 
activation of the small intestinal proinflammatory tran-
scriptome dominated by interferon‐γ signaling [9]. A recent 
phase 2b, double‐blind, placebo‐controlled clinical trial (CEC‐4), 
which included 397 CeD patients with persistent complaints 
and mild histological damage, evaluated ZED1227 administered 
at 3 × 10 mg, 3 × 25 mg, or 1 × 50 mg daily for 12 weeks [17]. 
Data analysis revealed that all patients (including the placebo‐

FIGURE 1 | Immune pathology of celiac disease (CeD) and mechanisms of drug development targeting these pathways. Gluten is present in the 
small‐bowel lumen, where glutenases and gluten sequestrants can prevent mucosal gluten uptake. Gliadin peptides access the lamina propria either 
actively or passively via intestinal epithelial transport or ‘leaky’ tight junctions, which can be attenuated by drugs. Gliadin peptides are deamidated by 
transglutaminase 2 (TG2), either within the gut lumen or in the lamina propria. Deamidation introduces negative charges to the immunogenic 
epitope sequences of gliadin fragments and thereby increases their affinity to the MHC‐II complex (human leukocyte antigens (HLA)‐DQ2 or 
HLA‐DQ8) expressed mainly on macrophages, dendritic and B cells, which are the effector sites for HLA‐DQ blockers. Gliadin is presented to 
gliadin‐specific CD4+ T cells as the central hub for the gliadin‐triggered immune response. Activated T helper‐cells secrete cytokines such as 
interferon‐γ and IL‐21 and interact with B cells eliciting antibody secretion. Drugs like anti‐Ox40 L mAb restrict the activity of gliadin‐activated 
T‐cells. Tolerance to gluten can be re‐introduced by presenting immunodominant gliadin peptides in secondary lymphoid organs such as the liver 
and spleen, thereby eliciting a gliadin‐specific tolerogenic T cell response that can home to the affected intestine. Lastly, neutralization of 
cytokines, especially IL‐15, secreted by lamina propria myeloid and intestinal epithelial cells, can prevent epithelial damage elicited by 
intraepithelial CD8+ T‐cells. Figure created with BioRender.com.
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TABLE 1 | Drug studies in celiac disease.

Active and recently completed studies, with a separate listing of inactive studies 

Candidate Sponsor Mechanism
Clinical phase (status 

October 28, 2025) Key findings/notes
ZED1227 Zedira/Dr. Falk TG2 inhibitor (oral) Phase 2b (1)— completed

(EudraCT number: 2020‐ 
004612‐97)

Phase 2a showed attenuation of
gluten‐induced mucosal injury 
and reduced inflammation in 
gluten‐challenge setting. Phase 2b 
(1), enrolling patients with 
ongoing symptoms and mild‐ 
moderate histological damage 
despite a GFD, showed 
histological improvement with 
once daily 50 mg dose, but failed 
symptom improvement in all 
dosing groups [17].

ZED1227/
TAK227

Dr. Falk/Takeda TG2 inhibitor (oral) Phase 2b (2) — resumed in 
Q2/2026
(EudraCT number: 2023‐ 
506150‐21‐00)

Phase 2b (2) starts re‐enrolling in 
Q2/2026; patients as in phase 2b 
(1) receiving minimal gluten dose 
versus placebo and once daily 50, 
100 or 200 mg dose. 

TPM502 Topas
therapeutics

Gluten‐specific liver 
targeted nanoparticular 
immune therapy

Phase 2a—completed 
(EudraCT number: 2022‐ 
001656‐41)

Immunologically positive 
data—reduced activation of 
peripheral CD4+ gluten T
cells [18].

Ritlecitinib Pfizer JAK3 and tyrosine kinase 
inhibitor (oral)

Phase 2 ‐ recruiting 
(NCT05636293)

In a post‐hoc analysis, the drug 
showed a decrease in the celiac 
disease antibody levels when 
evaluating celiac patients in a 
study researching effect of drug in 
vitiligo and alopecia areata 
patients [19]. No formal studies in 
celiac disease.

Amlitelimab Sanofi Anti‐OX40 L (immune 
modulator)

Phase 2a/b—recruiting 
(NCT06557772)

Monoclonal antibody against 
Ox40 L (CD252) expressed on 
antigen presenting cells 
coactivating (memory) cells. 
Positive results in atopic 
dermatitis, no data on celiac 
disease [20].

Latiglutenase
(IMGX‐003,
ALV‐003)

Entero
therapeutics

Oral gluten‐degrading 
enzyme (glutenase)

Phase 2 — completed; 
renewed interest by sponsors 
(NCT03585478)

Well‐treated celiac patients 
undergoing a gluten challenge 
showed a significant 
improvement in VH:CrD and 
IELs; however, in later studies of 
non‐responsive celiac patients, no 
improvement was observed in 
either parameter. However, in a 
subsequent study using a higher 
dose, a trend toward significance 
was seen in VH:CrD (p = 0.057), 
along with a significant decrease 
in IELs in the treatment arm 

[13, 21–23].

PRV‐015
(AMG‐714/
Ordesekimab)

Amgen/Parvus
therapeutics)

Anti‐IL‐15 monoclonal 
antibody

Phase 2b ‐ completed (NRCD 
studies; NCT04424927)

Anti‐IL‐15 reduced significantly 
intestinal inflammation but did 
not meet primary endpoints [16], 
which seemed to be the case also

(Continues)
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TABLE 1 | (Continued)

Active and recently completed studies, with a separate listing of inactive studies

Candidate Sponsor Mechanism
Clinical phase (status

October 28, 2025) Key findings/notes

in the newest study with results 
posted clinicaltrials.gov [24]. 

TEV‐53408 TEVA
pharmaceuticals

Anti‐IL‐15 monoclonal 
antibody

Phase 2—recruiting 
(NCT06807463)

Safety and tolerability were good, 
but efficacy data were lacking. It 
is intended to be long‐acting 
compared with other IL‐ 
15–targeting drugs [25].

FB102 Forte
biosciences

Anti‐CD122 monoclonal 
antibody (IL‐2βR for IL2 
and IL‐15

Phase 2‐ recruiting 
(NCT06982963)

In the phase 1b study, a favorable 
safety profile and protection 
against gluten‐induced mucosal 
injury were demonstrated, as 
assessed by a composite 
histological endpoint comprising 
VH:CrD and IELs [26].

AGY 010 Igy Inc. Chicken egg yolk 
immunoglobulin (IgY)

Phase 2 ‐ completed 
(NCT03707730) 

Good safety profile, potential 
alleviation of symptoms [27]. 

TAK‐101 (CNP‐ 
101/TIMP‐ 
GLIA)

Takeda/Cour
pharma
(COUR)

Tolerance Phase 2—completed 
(NCT04530123)

Studies showed it was well 
tolerated and showed beneficial 
effects on inflammatory markers, 
such as IFN‐γ–producing T
cells [28].

CALY‐002 Calypso
biotech/
Novartis

Anti‐IL‐15 monoclonal 
antibody

Phase 1b—completed 
(NCT04593251)

It is a potent and selective 
anti–IL‐15 antibody; however, the 
study has not been
published [29].

IMU‐856 Immunic Intestinal barrier 
restoration (Sirt6‐agonist)

Phase 1b ‐ completed 
(ACTRN12620000901909)

Studies showed a favorable safety 
profile and prevented degradation 
of villous height, enterocyte mass, 
and enterocyte function [30, 31]. 

ANB‐033 AnaptysBio Anti‐CD122 monoclonal 
antibody (IL‐2βR for IL2 
and IL‐15

Phase 1b—recruiting 
(ISRCTN16318446)

Inhibits in vitro IL‐2– or IL‐ 
15–mediated proliferation of 
human CD3 + T cells and natural 
killer cells [32].

DONQ52 Chugai pharm HLA 2.5‐gluten peptide 
blocking antibodies

Phase 2—initiation 
(NCT05425446)

Ex vivo data only available: 
DONQ52 blocked HLA‐DQ2.5‐ 
specific response to highly 
immunogenic gluten
peptides [33].

EQ302 (EQ102) 
equillium/ 
BNZ‐2

Equillium IL15/IL‐21 inhibiting 
peptide

Phase 1 ‐ completed 
(ACTRN12622001449729)

Phase 1 showed low 
bioavailability; consequently, a 
new molecule, EQ302, was 
developed. No results have been 
published.

VTP‐1000
(barinthus)

Barinthus Tolerance (gluten 
peptides + mTor inhibitor) 

Phase 1—recruiting 
(NCT06310291) 

Limited information—aims to 
induce tolerance.

MTX‐101 Mozart
therapeutics

Bispesific antibody against 
KIR2DL and CD8+ T cells

Phase 1b ‐ recruiting 
(NCT06324604)

MTX‐101 inhibited KIR signaling, 
which can restore CD8 + treg 
ability to eliminate pathogenic 
CD4 + T cells. [34]

(Continues)
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TABLE 1 | (Continued)

Active and recently completed studies, with a separate listing of inactive studies

Candidate Sponsor Mechanism
Clinical phase (status

October 28, 2025) Key findings/notes

Aspergillus
Niger/AN‐PEP

Various enzyme
developers

Glutenase from aspergillus
niger

Preclinical/early clinical
(NCT04788797)

Candidate enzyme source:
Development stage varies by 
formulation. No robust data are 
available on efficacy. It is 
available as a supplement [35]. 

E−40 Nemysis Glutenase Pre‐clinical In vitro trials only: the compound 
degrades gluten proteins and 
reduces IFN‐γ levels [36]. 

Tofacitinib Pfizer JAK inhibitor (broad) Investigational/case reports 
(EudraCT number: 2018‐ 
001678‐1)

Occasional investigational use in 
severe/refractory cases; not 
established for routine CeD 
therapy [37].

Inactive studies (last record of activity over 5 years or not in pipeline anymore) 

Candidate Sponsor Mechanism
Clinical phase (status Oct 

28, 2025) Key findings/notes
Larazotide
acetate

9 meters
biopharma

Tight‐junction
modulation (reduce 
permeability) 

Phase 3 — discontinued
(NCT00620451)

Program discontinued after Phase 3
due to lack of benefit versus 
Placebo [38].

KAN‐101
(pfizer)

Anokion/Pfizer Tolerance Phase 2 — completed 
(NCT06001177)

No publications are available; only a 
press release reports positive 
symptom data and composite 
endpoint results [39]. company 
currently non‐operational.

CCX282‐B Chemocentryx/
Amgen

CCR9 antagonist (anti‐ 
inflammatory)

Halted/repurposing efforts 
(NCT00540657)

No results published—not in active 
development [40].

TAK‐062 Takeda Oral enzyme therapy 
(glutenase)

Phase 2 — completed 
(NCT05353985)

Phase 2 showed no benefit in either 
histology or symptoms; histology 
even worsened in the treatment arm. 
The drug is no longer in the pipeline 
[28, 41].

BL‐7010 (P 
(HEMA‐co‐SS))

BioLineRx Gluten‐binding
polymer

Early clinical — development 
halted (NCT01990885)

The program has been halted, and 
there is no active development.

Nexvax2 ImmusanT Vaccine Phase 2 ‐ halted The program was halted following 
unsuccessful Phase 2 results.

Vedolizumab Takeda Anti‐integrin Phase 2—terminated due to 
lack of participants 
(NCT02929316)

No efficacy was demonstrated 
in CeD.

Teriflunomide Academic Immunomodulator
(oral)

Phase 2a ‐ halted 
(NCT04806737)

No efficacy was demonstrated in 
CeD, and no effect was observed on 
gluten‐specific T cells [42].

PTG‐100 Protagonist
therapeutics

a4b7 antagonist Phase 1b ‐ completed 
(NCT04524221)

No data has been published, and the 
program is no longer in the 
pipeline—the study was halted [43]. 

GSK3915393 GSK TG2‐inhibitor Phase 1‐ study discontinued The company decided not to 
continue development [44].

Hu‐Mik‐Beta‐1 National 
cancer institute 

IL‐2 and IL‐15 Phase 1—completed 2019 
(NCT01893775)

No results have been published.

Academic

(Continues)
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treated patients) showed continuous improvement in symptom 

scores and histology, despite a 5‐week placebo run‐in phase 
before enrollment, and that only the 50‐mg once‐daily dose 
produced further histological improvement. This suggested that 
patients had changed their behavior after enrollment in the 
study and adhered more strictly to the gluten‐free diet (Haw-
thorne bias), which has also been observed in larazotide and 
latiglutenase trials. Regardless, some drug effects were evident 
in this well‐adherent population. Thus, a follow‐up trial has 
been initiated that will include a small inadvertent gluten 
exposure (SIGE, representing a total of 1.5 g gluten/week) and 
higher ZED1227 doses.

DONQ52 (Chugai) employs a different strategy: Blockade of the 
HLA‐gluten peptide complex by a bispecific antibody binding a 
complex of HLA‐DQ2.5 loaded with pathogenic gluten T cell 
epitopes. This prevents recognition by gluten‐specific CD4 + T 
cells. Ex vivo studies demonstrated potent inhibition of T cell 
activation following wheat exposure, with partial suppression 
after rye and barley exposure, indicating broad targeting across 
cereals [33]. A Phase 1 trial of DONQ52 in well‐controlled CeD 
patients was completed in early 2025 and a Phase 2 clinical trial 
in persistently active CeD will commence shortly.

4 | Induction of Tolerance to Gluten

The critical role of CD4+ T cells recognizing gluten peptides 
presented by HLA‐DQ2 or HLA‐DQ8 was described in the early 
1990s; gluten‐specific T cells are infrequent in healthy in-
dividuals, making the response highly disease‐specific [67, 68]. 
T cells found in the CeD intestinal mucosa are typically of a 
follicular T‐helper cell subtype, producing interferon‐γ and 
interleukin‐21 (IL‐21) [69]. The search for possible gluten‐ 
specific regulatory T cells (Treg) has not been conclusive, 
which does not rule out the possibility that such cells can be 
induced [70, 71]. Thus, tolerance inducing immunotherapy is an 
attractive option as it is also supported by results from mouse

models [72, 73]. Three different approaches will be explained as 
follows: Desensitization using peptides injected in the skin, re‐ 
purposing of a putative immunomodulatory drug targeting 
active T cells and harnessing the ability of the liver to induce 
Tregs.

Nexvax2 (ImmusanT) was the first therapy designed specifically 
to induce antigen‐specific tolerance in HLA‐DQ2.5 + individuals 
with CeD [15, 74]. While early trials confirmed modulation of 
gluten‐specific T cell responses, Nexvax2 did not meet its pri-
mary endpoint of reducing symptoms during high‐dose gluten 
challenge in a Phase 2 study. Two to 4 hours after Nexvax2 
injection, an oral gluten‐like symptomatic response with nausea 
and even vomiting was observed, consistent with the intended 
activation of gluten‐specific T cells [75]. This was paralleled by 
peaking serum levels of interleukin‐2 (IL‐2), an unexpected 
finding that subsequent studies confirmed to be a sensitive and 
specific biomarker of gluten‐induced T‐cell activation in CeD 
[75]. Many therapeutic trials have subsequently employed 
measurement of IL‐2 in serum or whole blood as a functional 
readout of gluten‐specific T cells [76, 77].

Teriflunomide, a drug known to interfere with the mitochon-
drial enzyme di‐hydroorotate dehydrogenase, is approved for 
the treatment of multiple sclerosis, presumably by interfering 
with the activation of high‐affinity, disease‐specific T cells [42]. 
However, no effect on gluten‐specific T cell activation was 
found, and the development was halted.

TAK‐101 (Takeda) is a gliadin‐encapsulating tolerogenic nano-
particle designed to induce immune deviation by delivering 
gliadin to tolerogenic antigen‐presenting cells in the spleen [78]. 
In a controlled gluten‐challenge study, TAK‐101 reduced gluten‐ 
specific T cell activation and protected against small‐intestinal 
mucosal injury; further studies are awaited.

KAN‐101 (Anokion SA) uses peptides with a liver‐targeting 
glycosylation motif to deliver deamidated gliadin peptides to

TABLE 1 | (Continued)

Inactive studies (last record of activity over 5 years or not in pipeline anymore) 

Candidate Sponsor Mechanism
Clinical phase (status Oct 

28, 2025) Key findings/notes

Bifidobacterium
infantis

Microbiome/probiotic
modulation

Early clinical/pilot studies
(NCT01257620)

Pilot studies have been conducted
for microbiome modulation, but no 
definitive efficacy has been 
demonstrated for CeD prevention or 
treatment [45].

Hookworms
(Necator
americanus)

Academic Immune modulation Early trials ‐ halted No efficacy was demonstrated in 
CeD [46].

AG017 Actobio
therapeutics

Tolerance Phase 1/2 announced ‐ 
development halted 

No results have been published [47].

SQZ‐TAC SQZ biotech Tolerogenic Pre‐clinical Tolerance in CeD was being 
investigated through engineered red 
blood cells delivering antigens [48]. 
company is currently non‐ 
operational.
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hepatic antigen‐presenting cells that have tolerogenic properties 
and can affect the intestine. Phase 1 data showed safety and 
reduction of gluten‐induced T cell activation, including atten-
uation of serum IL‐2 responses [76]. Unfortunately, this pro-
gram was also recently terminated, in this case, for economic 
reasons.

VTP‐1000 (Barinthus Biotherapeutics) uses the company's self‐ 
assembling nanoparticular tolerogenic immunotherapy plat-
form to deliver 12 gluten peptides together with rapamycin. This 
design broadens T cell epitope coverage and integrates tolero-
genic conditioning. A Phase 1 trial is underway.

TPM502 (Topas Therapeutics) is a polymer‐coated iron oxide 
nanoparticle conjugated to gluten antigens that primarily home 
to liver sinusoidal endothelium [79]. A phase 2a trial in CeD 
revealed a favorable safety profile with manageable gastroin-
testinal tolerability. Pharmacodynamic parameters indicated 
antigen‐specific tolerance induction with reduced whole‐blood 
IL‐2 and interferon‐γ secretion with symptoms being attenu-
ated also after gluten challenge [18]. The treatment significantly 
reduced the response of circulating gluten‐reactive T cells to 
gluten challenge and increased gluten‐specific CD4+ regulatory 
T cells at the highest dose. Further studies are awaited.

5 | Strategies Targeting Cytokine Signaling

Among the diverse therapeutic approaches under investigation 
for CeD, a growing group of novel anti‐cytokine agents have 
been developed. IL‐15 is a key cytokine in CeD, produced by 
intestinal epithelial and lamina propria macrophages and den-
dritic cells. This is illustrated by the finding that IL‐15 over-
expression is required for gluten‐dependent mucosal damage 
and anti‐gliadin antibody production in a mouse model for CeD 
[80]. IL‐15 targets intraepithelial cytotoxic CD8+ T cells to arm 

these cells for eliciting epithelial damage [81]. Importantly, IELs 
in refractory CeD (RCD) type‐II express high levels of IL‐15 
receptor, rendering them resistant to apoptosis [82]. The first 
trial targeting IL‐15 in patients with CeD used the antibody 
AMG714 and showed an improvement in clinical symptoms but 
did not prevent mucosal damage, although it did reduce gluten‐ 
challenge–induced mucosal inflammation [16]. Assessment of 
AMG714 was continued (as PRV‐015) in a randomized Phase 2 
trial in patients with non‐responsive CeD with non‐significant 
results, as recently posted in clinicaltrials.gov [24]. AMG714 
was also studied in RCD type‐II patients, where it failed to 
reduce aberrant lymphocytes or improve duodenal architecture, 
but again ameliorated clinical symptoms [83]. Another IL‐15 
antibody, CALY002, which is presumed to have superior 
neutralizing properties compared with AMG714 because it can 
neutralize both IL‐15 cis‐ and trans‐signaling, completed a phase 
2b study in CeD; however, before the results were published, the 
antibody was sold to Novartis, and publication of the study re-
mains pending [84]. A long‐acting version of IL‐15 blocking 
agent aiming to enhance the suppression of natural killer (NK) 
and cytotoxic CD8+ cells is also currently underway by Teva 
Pharmaceuticals in Phase 2 with results being awaited [25]. 
Dual‐acting therapies have also been developed in the form of 
FB102 and ANB033, which are CD122 antagonists that block the

shared IL‐2/IL‐15 receptor β‐chain, modulating NK cells and 
CD4 + and CD8 + T cell subsets. A phase 1b trial with FB102 in 
well‐controlled CeD demonstrated statistically significant pro-
tection against gluten‐induced mucosal injury in a composite 
histological VH:CrD and IEL score [26], and a Phase 2 study is 
underway [32].

Amlitelimab (Sanofi) is a monoclonal antibody that blocks 
OX40 L, a key immune regulator of memory T cells that are 
relevant in CeD. It has demonstrated promising results in atopic 
dermatitis and is now being investigated in a phase 2b study of 
CeD patients who continue to experience symptoms despite 
following a GFD [20].

Tofacitinib, a small‐molecule JAK1/JAK3 inhibitor, well estab-
lished for a variety of autoimmune diseases including ulcerative 
colitis, blocks several proinflammatory signals pertinent to CeD, 
including those elicited by IL‐15. This drug has not been 
extensively evaluated in CeD but has shown clinical and his-
tological responses in an open‐label trial in patients with RCD 
type‐II, a condition frequently associated with somatic gain‐of‐ 
function JAK/STAT mutations [37]. Similarly, ritlecitinib, a 
JAK3/TEC inhibitor, showed a decrease in celiac antibody levels 
in post hoc analysis in a study primarily researching the effect of 
the drug in vitiligo and alopecia areata [19].

6 | Considerations on Design of Interventional 
Trials and Target Patient Populations for Emerging 
Therapies in Celiac Disease

Phase 2a trials are primarily proof‐of‐concept studies designed 
to evaluate drug efficacy and safety in gluten‐challenge settings, 
using variable gluten doses (2–10 g) and exposure durations 
(3–8 weeks) With higher doses, shorter durations have been 
used, which may increase symptom burden in patients but 
shorten trial duration without compromising efficacy readouts 
[19, 21]. A major endpoint in these studies has been mucosal 
architecture, typically quantified by the continuous VH:CrD, as 
mucosal damage is an established prognostic factor for long‐ 
term complications such as increased mortality [85]. Partici-
pants in these trials have generally been asymptomatic CeD 
patients with healed duodenal mucosa, defined by a VH:CrD 
greater than 2.0 or lately more often 2.5 [13, 16, 41, 52, 78].

In phase 2b trials, most companies have aimed to assess drug 
efficacy in symptomatic CeD patients with ongoing mucosal 
damage, as this patient group was considered the primary target 
population for pharmacologic therapy. Following the FDA draft 
guidance, patient‐reported outcomes have been given greater 
relevance in these trials, although the correlation between 
symptoms and disease activity in CeD might be less robust than 
in other conditions such as inflammatory bowel disease [86]. 
Moreover, a significant Hawthorne effect has been observed; 
CeD patients enrolled in clinical trials tend to alter their 
behavior and demonstrate an improved GFD‐adherence expe-
riencing fewer inadvertent gluten exposures compared to real‐ 
world settings [22]. Therefore, many recent trials have adop-
ted simulated intermittent gluten exposure (SIGE) protocols to 
better replicate real‐world conditions, as in the trials studying

8 of 12 United European Gastroenterology Journal, 2026

 20506414, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.70222 by T

am
pere U

niversity Foundation Sr, W
iley O

nline L
ibrary on [01/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Amlitelimab, TAK‐062 and ZED1227 [41]. To date, there has 
been only one Phase 3 study in CeD, conducted with larazotide, 
and it was discontinued at interim analysis. Thus, a study design 
that accurately captures real‐life patient behavior and uses the 
most appropriate endpoints remains challenging [38, 56, 57].

The current therapeutic concept is to use these drugs as adjuncts 
to a GFD, primarily for patients who continue to experience 
chronic or recurrent symptoms [22]. An interesting alternative 
approach would be to study patients with acute intermittent 
symptoms, as those symptoms may be more strongly related to 
gluten consumption and may also affect a larger portion of the 
CeD community [11]. On the other hand, mucosal damage can 
also occur in asymptomatic individuals, who represent another 
subpopulation of patients that might benefit from adjunctive 
treatment [5]. Moreover, even among seemingly asymptomatic 
patients with improved mucosal histology, micronutrient 
malabsorption, ongoing social and psychological challenges, 
and the persistent risk of inadvertent gluten exposure can still 
impair daily life, raising the question of whether all CeD pa-
tients could be candidates for an adjunctive treatment [6, 9]. 
Naturally, factors such as drug costs and national reimburse-
ment policies will influence early adoption if pharmacological 
therapies become available on the market in the future. In pe-
diatric celiac disease, pharmacological therapies may have an 
important role to play; however, as is the case in other chronic 
inflammatory diseases, children are excluded from most drug 
trials, which will likely result in the approval of the first celiac 
drugs solely for adult patients. Moreover, patient‐specific factors 
such as differing drug metabolism will pose unique challenges 
for trial design and dosing [87]. Nevertheless, if a drug is 
approved in adults, efficacy data can be extrapolated to support 
pediatric approval, provided at minimum dedicated pharmaco-
kinetic in children are conducted, with the need for additional 
safety data determined on a case‐by‐case basis [88]. A further 
underserved group is represented by RCD, particularly type II, 
which will require novel treatment strategies. However, its 
rarity limits commercial interest from the pharmaceutical in-
dustry, making the conduct of clinical trials challenging. Prog-
ress on drug development in RCD type II thus depends on 
multinational investigator‐initiated trials or small biotech 
companies supported by venture capital, as has been the case for 
tofacitinib and anti‐IL‐15 [82, 83].

7 | Conclusion

The introduction of the GFD to the management of patients 
with CeD was a revolution; however, a need for adjunctive and 
potentially alternative treatments remains. Several compounds 
have shown significant promise in preventing gluten‐induced 
mucosal damage. Adjunctive treatment for CeD is highly 
anticipated by clinicians and patients, as it could improve 
overall health and quality of life, reduce dietary hypervigilance 
around inadvertent gluten exposure, and potentially reduce the 
risk of long‐term complications associated with persistent or 
recurrent mucosal injury. Together, these therapies, specifically 
those targeting modulation of the celiac immune response, are 
making progress. Coupled with validation of biomarkers of CeD 
severity and activity, and improved trial methodology, these

developments will likely support the first clinically meaningful 
drugs for CeD to reach the market.
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