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Key Points

• Refractory celiac disease (RCD) refers to two distinct entities according to the normal (RCDI) or abnormal (RCDII) phenotype of intestinal intraepithelial lymphocytes (IEL).

• Diagnosis requires specialized small bowel investigations (enteroscopy, small bowel imaging) and techniques (immunohistochemistry, molecular analysis, flow cytometry)

• Prognosis of RCDII is worse than RCDI one because of more severe malnutrition and an elevated risk of overt lymphoma.

• Therapeutic arsenal is currently mainly based on open capsule budesonide waiting for efficient targeted therapy.

INTRODUCTION

Treatment of celiac disease (CD) relies on a life-long strict gluten-free diet that allows clinical and histological recovery after one year of gluten free diet and prevents long-term complications such as osteopenia [START_REF] Thomason | Fracture experience of patients with coeliac disease: a population based survey[END_REF], onset of other autoimmune disease [START_REF] Cosnes | Incidence of Autoimmune Diseases in Celiac Disease: Protective Effect of the Gluten-Free Diet[END_REF] and malignancies [START_REF] Holmes | Malignancy in coeliac disease--effect of a gluten free diet[END_REF]. Yet, systematic follow-up of biopsies has revealed that histological recovery does not occur in all patients. Notably one recent population-based study led in 7648 celiac patients in Sweden showed persistent villous atrophy in 43% cases with an increased risk in older patients (up to 56% versus 17% in children diagnosed after 2000) [START_REF] Lebwohl | Predictors of persistent villous atrophy in coeliac disease: a population-based study[END_REF].

The similar rates of persistent villous atrophy among celiac patients biopsied 1-2 years and 2-5 years after diagnosis further argued against mucosal healing after 2 years [START_REF] Lebwohl | Predictors of persistent villous atrophy in coeliac disease: a population-based study[END_REF]. Importantly, lack of mucosal healing has been associated with a risk of complications; it is notably a risk factor for fractures [START_REF] Lebwohl | Mucosal healing and risk for lymphoproliferative malignancy in celiac disease: a population-based cohort study[END_REF] and for the development of lymphomas [START_REF] Lebwohl | Persistent mucosal damage and risk of fracture in celiac disease[END_REF]. Most cases of resistance to gluten free diet (GFD) and persistence of villous atrophy are due to bad observance [START_REF] Vahedi | Reliability of antitransglutaminase antibodies as predictors of gluten-free diet compliance in adult celiac disease[END_REF].

Nevertheless, a small subgroup of CD patients may be primarily or secondary resistant to a GFD due to an authentic RCD with persistent symptoms of malabsorption and intestinal villous atrophy despite a strict GFD. Diagnosis of this condition is made after exclusion of other intestinal diseases with villous atrophy such as autoimmune enteropathy, tropical sprue, common variable immunodefiency or drug induced enteropathy [START_REF] Akram | Adult autoimmune enteropathy: Mayo Clinic Rochester experience[END_REF][START_REF] Khokhar | Tropical sprue: revisited[END_REF][START_REF] Malamut | The enteropathy associated with common variable immunodeficiency: the delineated frontiers with celiac disease[END_REF][START_REF] Scialom | Gastrointestinal Disorder Associated with Olmesartan Mimics Autoimmune Enteropathy[END_REF].

Frequency of RCD remains unknown. A North American referral centre suggests a cumulative incidence of 1.5% for both RCDI and RCDII among CD patients diagnosed in this centre [START_REF] Roshan | The incidence and clinical spectrum of refractory celiac disease in a north american referral center[END_REF]. In the Derby cohort, J. West and G. Holmes report around 0.7% of RCD patients with ulcerative jejunitis in series of 713 celiac patients [START_REF] West | Celiac disease and its complications: a time traveller's perspective[END_REF]. Respective proportion of both types of RCD is also undefined with apparently a higher frequency of RCDI than RCDII in US [START_REF] Rubio-Tapia | Clinical staging and survival in refractory celiac disease: a single center experience[END_REF] in contrast with European studies [START_REF] Al-Toma | Survival in Refractory Coeliac Disease and Enteropathy associated T cell Lymphoma: Retrospective evaluation of single centre experience[END_REF][START_REF] Daum | Refractory coeliac disease[END_REF][START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF][START_REF] Malamut | Is refractory celiac disease more severe in old Europe?[END_REF].

DIAGNOSIS

Diagnosis of RCD relies on persisting malabsorption and villous atrophy after one to two years of strict GFD. Compliance of gluten free diet can be ascertained by a dietician and dosage of serum celiac antibodies IgA and IgG anti-transglutaminase and IgA/IgG antideamidated gliadin peptides, positivity of the latest having a good correlation with gluten exposure [START_REF] De Chaisemartin | Application of Deamidated Gliadin Antibodies in the Follow-Up of Treated Celiac Disease[END_REF]. Detection of gluten immunogenic peptides (GIP) in stool and urine enlarges the possibilities of control GFD [START_REF] Comino | Fecal Gluten Peptides Reveal Limitations of Serological Tests and Food Questionnaires for Monitoring Gluten-Free Diet in Celiac Disease Patients[END_REF][START_REF] Moreno | Detection of gluten immunogenic peptides in the urine of patients with coeliac disease reveals transgressions in the gluten-free diet and incomplete mucosal healing[END_REF].

Upper gastrointestinal endoscopy with duodenal biopsies is necessary to confirm RCD and define its type (Figure 1). Double balloon enteroscopy may be usefull, guided by capsule endoscopy in suspicion of RCDII for a better assessment of ulcers particularly for evidence of ulcerative jejunitis found in roughly 70% of patients [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF][START_REF] Barret | Diagnostic yield of capsule endoscopy in refractory celiac disease[END_REF]. Thus, the risk of retention of capsule endoscopy, imposes preliminary radiological imaging of the small bowel in order to rule out strictures. Definitive diagnosis relies on histology. In RCDI, histology is similar to that found in active CD with villous atrophy and increased normal IEL. Molecular analysis showed polyclonal repertoire. Not other diagnostic criteria have been yet defined for RCDI.

In contrast, the hallmark abnormal population, detected by 3 combined techniques, makes the diagnosis of RCDII more specific: over 25% of the CD103+ or CD45+ IEL lacking surface CD3-T cell receptor complexes on flow cytometry (Figure 2) or more than 50% IEL expressing intracellular CD3 but no CD8 in formalin fixed sections and/or the presence of a detectable clonal rearrangement of the gamma chain of the TCR in duodenal biopsies (Figure 2) [START_REF] Cellier | Abnormal intestinal intraepithelial lymphocytes in refractory sprue[END_REF][START_REF] Cellier | Refractory sprue, coeliac disease, and enteropathy-associated T-cell lymphoma. French Coeliac Disease Study Group[END_REF]. Similar features allow detecting lymphocytic gastritis and colitis containing the same abnormal population in around 50% and 30% of RCDII patients, respectively [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF].

NKP46 staining represents a promising diagnostic tool for distinguish clonal RCDII from RCDI or celiac disease [START_REF] Cheminant | NKP46 is a useful diagnostic biomarker in gastrointestinal T-cell lymphoproliferative diseases. A CELAC network study[END_REF].

FACs analysis of freshly isolated IEL is particularly useful to distinguish RCDII from other causes of severe enteropathy with villous atrophy and clonal TCRgamma rearrangement such as Granular lymphocytic Leukemia infiltrating intestine of CD patients [START_REF] Malamut | Large Granular Lymphocytic Leukemia complicating Celiac disease: a rare cause of refractory celiac disease[END_REF] or intestinal small CD4 T cell lymphoma [START_REF] Malamut | Small intestinal CD4+ T-cell lymphoma is a heterogenous entity with common pathology features[END_REF]. Analysis of the delta chain rearrangement may be useful in RCDII patients presenting oligoclonal rearrangement of the gamma chain [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. Interest of detecting of the beta chain of the TCR has also been suggested [START_REF] Perfetti | TCRbeta Clonality Improves Diagnostic Yield of TCRgamma Clonality in Refractory Celiac Disease[END_REF][START_REF] Ritter | T-cell repertoires in refractory coeliac disease[END_REF]. Finally, specificity of the PCR product needs to be attested by formation of homoduplexes [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF] because of prominent clonal peaks possibly found in RCDI or CD patients [START_REF] Hussein | Clonal T cell receptor gene rearrangements in coeliac disease: implications for diagnosing refractory coeliac disease[END_REF].

CLINICAL FEATURES AND OUTCOME

Resistance to a GFD is primary in roughly one third and half patients with RCDI and RCDII, respectively [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. Symptoms are notably less severe in RCDI than RCDII frequently associated to protein losing enteropathy [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. RCDII is associated with poor prognosis with 5-year survival rates of 44% to 58% [START_REF] Rubio-Tapia | Clinical staging and survival in refractory celiac disease: a single center experience[END_REF][START_REF] Al-Toma | Survival in Refractory Coeliac Disease and Enteropathy associated T cell Lymphoma: Retrospective evaluation of single centre experience[END_REF][START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. The more severe malnutrition combined with the higher risk of developing overt lymphoma explains the higher mortality in RCDII than in RCDI [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. Confirming this hypothesis decreased albumin and abnormal IEL phenotype are significantly associated with 5 years mortality in a multivariate model to predict survival in refractory celiac disease [START_REF] Hussein | Clonal T cell receptor gene rearrangements in coeliac disease: implications for diagnosing refractory coeliac disease[END_REF]. Nevertheless, the mortality rate in RCDI appears higher than in uncomplicated CD [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. One explanation is the lack of curative treatment for RCD. Immunosuppressive drugs have only a poor therapeutic effect and may predispose to overt lymphoma [START_REF] Goerres | Azathioprine and prednisone combination therapy in refractory coeliac disease[END_REF]. The second reason is the natural increased risk of developing overt lymphoma (Enteropathy Associated-T cell Lymphoma (EATL)). Indeed, 33% to 52% of RCDII patients develop EATL within the five years after diagnosis [START_REF] Rubio-Tapia | Clinical staging and survival in refractory celiac disease: a single center experience[END_REF][START_REF] Al-Toma | Survival in Refractory Coeliac Disease and Enteropathy associated T cell Lymphoma: Retrospective evaluation of single centre experience[END_REF][START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. Onset of EATL in RCDI is not null even if much lower than in RCDII, with a five-year rate of 14% in the more pessimistic studies [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. In RCDII abnormal IEL may be found in mesenteric lymph nodes, blood, bone marrow, and in different epitheliums such as lung and skin [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. Extra-intestinal dissemination of RCDII IEL explains that EATL do not develop exclusively in the intestine. EATL may notably arise from RCDII cutaneous lesions. Their expression of CD103 and their identical TCR clonality [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF] ascertain their origin from RCDII IEL. RCDII patients require regular clinical follow-up combined with enteroscopy, computed tomography scan (CT-scan) or MRI small bowel follow-through and positron emission tomography (Pet-scan) [START_REF] Hoffmann | 18F-fluoro-deoxy-glucose positron emission tomography (18F-FDG-PET) for assessment of enteropathy-type T cell lymphoma[END_REF]. Pet-san can further guide realization of radiological guided biopsy or explorative laparoscopy It must however be stressed that EATL can arise in CD patients who do not display any evidence of RCDII. Histological diagnosis is easier than in RCDII with infiltration by medium to large lymphoid expressing CD30 in more than 80% of cases [START_REF] Malamut | Enteropathy associated T cell lymphoma in celiac disease: A large retrospective study[END_REF]. The prognosis of EATL is poor with an overall survival currently estimated at 20% to 25%, 5 years after the diagnosis with a better diagnosis in EATL complicating CD compared to EATL complicating RCDII [START_REF] Malamut | Enteropathy associated T cell lymphoma in celiac disease: A large retrospective study[END_REF][START_REF] Gale | Enteropathy-type intestinal T-cell lymphoma: clinical features and treatment of 31 patients in a single center[END_REF].

PATHOGENESIS

It remains unknown whether RCD patients have a particular genetic background differentiating them from patients with uncomplicated CD. It has been reported that severity of celiac disease was correlated with the number of HLA-DQ2 copies: homozygosity for HLA-DQ2 was observed in 25.5% of RCD I, 44.1% of RCD II, and 53.3% of EATL patients vs 20.7% of uncomplicated CD patients and 2.1% of controls [START_REF] Al-Toma | Human leukocyte antigen-DQ2 homozygosity and the development of refractory celiac disease and enteropathyassociated T-cell lymphoma[END_REF]. In a recent European study most patients with RCDII were homozygous HLA-DQ2 (>64.4%) [START_REF] Verkarre | Recurrent partial trisomy 1q22-q44 in clonal intraepithelial lymphocytes in refractory celiac sprue[END_REF]. Moreover this study identified the locus 7p14.3 as favoring progression to RCDII [START_REF] Verkarre | Recurrent partial trisomy 1q22-q44 in clonal intraepithelial lymphocytes in refractory celiac sprue[END_REF]. Besides inherited genetic factors, some acquired somatic mutations have been identified. Indeed a recurrent partial trisomy 1q22-q44 has been found in majority of RCDII patients [START_REF] Verkarre | Recurrent partial trisomy 1q22-q44 in clonal intraepithelial lymphocytes in refractory celiac sprue[END_REF]. More recently the JAK1 and STAT3 mutations were identified in abnormal IEL in RCDII patients [START_REF] Ettersperger | Interleukin-15-Dependent T-Celllike Innate Intraepithelial Lymphocytes Develop in the Intestine and Transform into Lymphomas in Celiac Disease[END_REF].

Onset of RCD may be favored by environmental factors such as exposure to gluten. Risk of lymphomatous complications was reported 4 times higher in patients without adherence to a gluten free diet than compliant patients [START_REF] Holmes | Malignancy in coeliac disease--effect of a gluten free diet[END_REF]. The scientific rationale may rely on more intense production of IL-15 under gluten exposure [START_REF] Mention | Interleukin 15: a key to disrupted intraepithelial lymphocyte homeostasis and lymphomagenesis in celiac disease[END_REF].

Infections and particularly viral infections may constitute another environmental factor favouring emergence of RCD. We observed B or C hepatitis at onset of refractoriness in 20% and 10% of RCDI and RCDII patients, respectively [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. More than a specific virus, it is rather suspected that components of the antiviral responses and notably Type I interferons might promote the onset of chronic inflammatory disorders (reviewed in [START_REF] Foxman | Genome-virome interactions: examining the role of common viral infections in complex disease[END_REF]). Type I interferon may notably stimulate the survival and proliferation of CD8+ T cells and NK cells, either directly or via the induction of IL-15 [START_REF] Foxman | Genome-virome interactions: examining the role of common viral infections in complex disease[END_REF]. We can hypothesis that such mechanism may occur in RCDI helping the immunological reaction initiated by gluten to evolve toward autoimmunity. Accordingly, symptoms improve under immunosuppressive treatments [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF].

However mechanisms of RCDI are largely unknown and remain to be substantiated. More progress has been performed recently in the understanding of the pathogenesis of RCDII.

Contrary to EATL which expressed Ki67, RCDII is characterized by massive accumulation of abnormal IEL without in situ detectable proliferation but with apoptosis defect [START_REF] Mention | Interleukin 15: a key to disrupted intraepithelial lymphocyte homeostasis and lymphomagenesis in celiac disease[END_REF]. In active CD and RCDII, IL-15 produced in excess exerts potent anti-apoptotic effects that prevent the elimination of activated IELs and promote their massive accumulation by activating a survival signal [START_REF] Mention | Interleukin 15: a key to disrupted intraepithelial lymphocyte homeostasis and lymphomagenesis in celiac disease[END_REF][START_REF] Foxman | Genome-virome interactions: examining the role of common viral infections in complex disease[END_REF]. Indeed clonal RCDII IEL acquired somatic mutations (JAKI, STAT3) which selectively increase their responsiveness to IL-15. Human anti-IL-15 antibodies inhibit ex vivo the IL-15 driven signalling pathway in intestinal organotypic cultures of RCDII patients. In vivo, treatment, by this antibody of mice overexpressing human IL-15 in small bowel wiped out the IEL hyperplasia observed in these mice [START_REF] Malamut | IL-15 triggers an antiapoptotic pathway in human intraepithelial lymphocytes that is a potential new target in celiac disease-associated inflammation and lymphomagenesis[END_REF].

TREATMENTS

Steroids improved clinical symptoms in most patients with either type of RCD with various histological response from 30-40% of cases to nearly 90% in a recent study using open capsule budesonide [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF][START_REF] Mukewar | Open-Capsule Budesonide for Refractory Celiac Disease[END_REF]. Because of steroid dependence, immunosuppressors such as azathioprine or anti-TNF-are used and produce transient clinical response but rare mucosal improvement [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. In RCDII immunosuppressive drugs have no impact on the abnormal clonal IEL population and could enhance the risk of overt lymphoma as observed with azathioprine and anti-CD52 by depletive effect [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. In RCDI no scientific rational has been yet establish to treat specifically RCDI patients with targeted therapy. The non proliferative RCDII cells are thus difficult to eradicate by regular chemotherapy and may represent a reservoir of cells susceptible to more aggressive transformation. Purine analogues such pentostatine or cladribine (2 CDA) showed moderate clinical, histological and haematological efficacies [START_REF] Dray | A severe but reversible refractory sprue[END_REF][START_REF] Al-Toma | Cladribine therapy in refractory celiac disease with aberrant T cells[END_REF]. In our experience, 2CDA can induce clinical and histological response in RCDII patients [START_REF] Malamut | Presentation and long-term follow-up of refractory celiac disease: comparison of type I with type II[END_REF]. However, explosive onset of overt lymphoma was observed in the 2 treated patients within 3-8 weeks after treatment, precluding further use of these drugs. Another strategy is the use of the autologous haematopoietic stem cells transplantation which induced clinical and histological response but no sustained reduction of abnormal IEL in the 13 treated patients [START_REF] Al-Toma | Autologous hematopoietic stem cell transplantation in refractory celiac disease with aberrant T-cells[END_REF][START_REF] Tack | Auto-SCT in refractory celiac disease type II patients unresponsive to cladribine therapy[END_REF]. The use of chemotherapy before autologous haematopoietic stem cells transplantation may probably increase haematological response.

Targeted strategy appears necessary to complete the therapeutic armoury to treat RCDII.

Blocking IL-15 signaling appears the treatment of choice in RCDII [START_REF] Malamut | IL-15 triggers an antiapoptotic pathway in human intraepithelial lymphocytes that is a potential new target in celiac disease-associated inflammation and lymphomagenesis[END_REF]. The preliminary results of phase II clinical trial using the the humanized anti-IL-15 antibody are encouraging [START_REF] Cellier | doubleblind, placebo-controlled study evaluating AMG714 in adult patients with RCDII/pre-EATL[END_REF]. Treatment of RCDII will probably combine, in the next future, conventional chemotherapy agents and targeted therapy blocking IL-15 signaling (reviewed in [START_REF] Celiac | [END_REF]).

CONCLUSION

In conclusion, RCD refers to two distinct entities, RCDI the benign form and the malignant form RCDII characterized by clonal expansion of small aberrant IEL. Small bowel investigations (enteroscopy, videocapsule endoscopy) and specialized techniques of IEL analyses (immunohistochemistry, molecular biology, flow cytometry) are necessary for diagnosis of both forms of RCD. Prognosis of RCDII is severe due to malnutrition and high risk of overt lymphoma. Recent advances in dissecting the lymphomagenesis associated to CD intend to hope next efficient treatments.
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