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Human-Derived α1-Antitrypsin is Still Efficacious in Heavily Pretreated Patients with Steroid-Resistant Gastrointestinal Graft-versus-Host Disease

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Acute graft-versus-host disease occurs in 20% to 80% of patients undergoing hematopoietic stem cell transplantation (HSCT). [START_REF] Flowers | Comparative analysis of risk factors for acute graft-versus-host disease and for chronic graft-versus-host disease according to National Institutes of Health consensus criteria[END_REF] Roughly 40% of patients treated with standard high dose steroid therapy will be refractory to first line treatment, a condition bearing up to 50% transplant related mortality (TRM). [START_REF] Macmillan | The best endpoint for acute GVHD treatment trials[END_REF] Rates of steroid refractoriness reach up to 73% when the lower gastrointestinal tract is severely involved, with an estimated 2-year overall survival of 25%. [START_REF] Castilla-Llorente | Prognostic factors and outcomes of severe gastrointestinal graft-vs.-host disease after allogeneic hematopoietic cell transplantation[END_REF] So far, no standard treatment for SR-aGVHD has been established, available drugs are all associated with high failure rates and there is huge variability in treatment choices between transplant centers. [START_REF] Ruutu | Prophylaxis and treatment of GVHD: EBMT-ELN working group recommendations for a standardized practice[END_REF] Alpha-1 antitrypsin (AAT) is a 52kDa, 394 amino acid glycoprotein, mostly known for its activity as a serin protease inhibitor, able to protect tissues from progressive destruction by the proteolytic activity of neutrophil elastase an proteinase-3. [START_REF] Janciauskiene | The discovery of α1-antitrypsin and its role in health and disease[END_REF] Recently, a wider spectrum of anti-inflammatory, immunomodulatory and tolerogenic properties of AAT has been described, mostly independent of serine-protease inhibition [START_REF] Aldonyte | Concentration-dependent effects of native and polymerised α1-antitrypsin on primary human monocytes, in vitro[END_REF] : it decreases the production of IL-8, IL-6, TNF-α and IL-1β without suppressing anti-inflammatory mediators such as IL-1RA and IL-10, [START_REF] Pott | Alpha-1-antitrypsin is an endogenous inhibitor of proinflammatory cytokine production in whole blood[END_REF] and the maturation of AAT-exposed dendritic cells is altered, with lower expression of CD40, CD86 and class II MHC and higher expression of IL-10, thus promoting the differentiation and expansion of FoxP3+ regulatory T-cells [START_REF] Ozeri | α-1 Antitrypsin Promotes Semimature, IL-10-Producing and Readily Migrating Tolerogenic Dendritic Cells[END_REF][START_REF] Baranovski | T Helper Subsets, Peripheral Plasticity, and the Acute Phase Protein, α1-Antitrypsin[END_REF] . In healthy individuals, circulating AAT seems to be produced with a seasonal periodicity that is opposite to that of TNF-α, IL-6 and IL-1β. [START_REF] Horst | Host and Environmental Factors Influencing Individual Human Cytokine Responses[END_REF] In murine models of allogeneic stem cell transplantation, the administration of human AAT significantly reduces the expansion of CD8+ donor T cells and the release of inflammatory mediators and damage-associated molecular patterns, lowers GVHD scores and reduces mortality. [START_REF] Tawara | Alpha-1-antitrypsin monotherapy reduces graft-versus-host disease after experimental allogeneic bone marrow transplantation[END_REF][START_REF] Marcondes | Inhibition of IL-32 activation by -1 antitrypsin suppresses alloreactivity and increases survival in an allogeneic murine marrow transplantation model[END_REF][START_REF] Brennan | Heparan sulfate, an endogenous TLR4 agonist, promotes acute GVHD after allogeneic stem cell transplantation[END_REF] In two clinical trials the administration of human derived AAT in SR-GVHD led to quite impressive response rates without significant toxicity. [START_REF] Marcondes | Response of Steroid-Refractory Acute GVHD to α 1 -Antitrypsin[END_REF][START_REF] Magenau | α1-Antitrypsin infusion for treatment of steroid-resistant acute graft-versus-host disease[END_REF] AAT supplementation could be of particular interest in case of GVHD of the lower gastrointestinal tract, a protein-losing enteropathy associated with fecal loss of AAT. [START_REF] Rodriguez-Otero | Fecal calprotectin and alpha-1 antitrypsin predict severity and response to corticosteroids in gastrointestinal graft-versus-host disease[END_REF] Here, we analyzed the outcome of 16 highrisk patients, treated with AAT for steroid refractory, lower gut GVHD and performed ancillary biological analyses.

PATIENTS AND METHODS

Patients

All consecutive patients who received AAT for SR acute GVHD or overlap syndrome with acute gastrointestinal features at Saint-Louis Hospital in Paris and the University Hospital in Poitiers were included in this retrospective analysis. Acute or overlap GVHD were defined and graded according to current recommendations. [START_REF] Schoemans | EBMT-NIH-CIBMTR Task Force position statement on standardized terminology & guidance for graft-versus-host disease assessment[END_REF] Patients were all refractory to at least a standard first-line treatment by methylprednisolone or equivalent, according to the accepted definition of steroid-refractoriness. [START_REF] Martin | First and Second-Line Systemic Treatment of Acute Graft-versus-host Disease: Recommendations of the American Society of Blood and Marrow Transplantation[END_REF] In all cases, AAT was selected as treatment at physician's discretion notably to avoid excessive toxicity in late stage SR-GVHD.

Data collection

Data collection was based on a review of medical records approved by the institutional ethical committee in agreement with the Helsinki Declaration. All patients gave their written consent for the registration of clinical and biological data (CNIL number 2093819). Pertinent clinical data included: age, gender, ABO and gender matching, date of transplant, disease diagnosis, CMV status, donor type, stem cell source, pre-transplant conditioning, and GVHD prophylaxis regimens. Moreover, clinical data concerning the development of acute GVHD, GVHD staging and grading, immunosuppressive drugs and clinical responses were collected.

Additional biological data on plasma levels of AAT and albumin, stool levels of calprotectin and AAT, cytokines and phenotypic characterization of T-cell subsets were also analyzed.

Treatment protocol, endpoints and toxicity

Human-derived AAT was administered intravenously at a loading dose of 90 mg/kg at day one followed by 30 mg/kg at day 3, 5, 7, 9, 11, 13, 15, at an infusion rate of 3 ml/min for a total of 8 doses, as previously described. [START_REF] Marcondes | Response of Steroid-Refractory Acute GVHD to α 1 -Antitrypsin[END_REF] A premedication consisting of antihistaminic medication was administered before infusion.

Complete response (CR), partial response (PR) and no response (NR) were defined according to published criteria; [START_REF] Levine | Graft-versus-Host Disease Treatment: Predictors of Survival[END_REF] the category of very good partial response (VGPR) was also attributed when appropriate, as previously defined. [START_REF] Martin | Endpoints for Clinical Trials Testing Treatment of Acute Graft-versushost Disease: A Consensus Document[END_REF] Patients requiring a further line of treatment for absence of response were considered as non-responders from that time-point on. The continuation of steroid treatment was not considered a non-response criterion.

Overall survival (OS) was defined from AAT treatment start to the time of death for any cause. Observations were censored on the date of last follow-up.

Adverse events were derived from medical records in a period ranging from day 0 of treatment with AAT to day 56 and classified according to the Common Terminology Criteria for Adverse Events v. 4.0. Infections were considered as events if they appeared between day 0 and day 56 or, when already present at the start of AAT infusions, if they worsened significantly and/or required further treatment in the same period of evaluation.

Ancillary studies

Plasma levels of AAT and albumin, stool levels of calprotectin and AAT, cytokines and immune cell subsets were routinely monitored before treatment and once a week afterwards for a period of 28 days, as per institutional procedure.

Blood AAT was quantified using Immage800 immuno-nephelometry (Beckman Coulter) with a normal value between 1 and 2g/L. Fecal AAT measurement was determined immediately using immuno-nephelometry and reported per gram of stools dry weight. The upper normal limit was set at 1.5 mg/g dry weight.

Fecal aliquots were frozen at -80 °C in order to quanPfy stool calprotecPn using a sandwichtype ELISA using polyclonal Ab (Calprest kit, Eurospital). The upper normal limit was set at 50 μg/g stool wet weight.

Flow cytometry analysis of circulating lymphocytes and T cells subsets.

Flow cytometry analyses of peripheral blood leukocytes were performed using a FACS Canto T-cells were analyzed in a first mix with the following mAbs: anti-CD45-FITC (HI30), anti-CD45ROb-PE (RPA-T4), anti-CD8-PerCP (SK1), anti-CD25-PE-Cy7 (2A3), anti-CD38-APC (HB7), anti-HLA-DR-APC-H7 (L243), anti-CD3-V450 (UCHT1) and anti-CD4-V500 (2D1). The mAbs used in a second mix to determine naïve/memory T cells subsets were anti-CD45-FITC (SK1), anti-CD28-PE (L293), anti-CD8-PerCP (SK1), anti-CD3-PE-Cy7 (SK7), anti-CD45RA-APC (HI100), anti-CD27-APC-H7 (M-T271), anti-CCR7-BV421 (150503) and anti-CD4-V500 (2D1). Tregs were studied in a third mix with the following mAbs: anti-CD127-PE (HIL-7R-M21), anti-CD45-PerCP (HI30), anti-CD3-PE-Cy7 (SK7), anti-CD45RA-APC (HI100), anti-CD3-V450 (UCHT1) and anti-CD4-V500 (2D1). All antibodies were purchased from BD Biosciences.

Cytokines assays

Blood samples were collected into EDTA tubes. Plasmas was separated from blood cells by 2 successive centrifugations at room temperature (800 g, 10 minutes then 1200g 10 minutes), and immediately frozen at -20°C. Cytokines were measured by multiplex magnetic Luminex Assay (reference LXSAHM) from R&D system. Luminex assays were read on a Bioplex MAGPIX Multiplex Reader from Biorad, according to the manufacturer's instructions. 

Statistical Analysis

Data are shown as counts with percentages, mean with standard deviation or median with range or inter-quartile range. Differences in ORR between subgroups were tested by a Fischer's exact test. Overall survival (OS) was estimated through one-year post-transplant with the Kaplan-Meier method, with differences between subgroups calculated with the logrank test for univariate comparisons.

Variations of serum AAT, albumin, stool biomarkers and cytokines before and during treatment were evaluated for significance using a Friedman test or a Wilcoxon matched pair signed-rank test, as appropriate. All statistical analyses were performed using Graphpad Prism v. 7.0.

RESULTS

Patients' characteristics

Overall, 16 patients were treated with AAT over 19 months. Patients' baseline characteristics are shown in table 1. Eighteen courses of treatment were delivered (2 patients received 2 courses for 2 subsequent flares of gastro-intestinal GVHD). AAT was administered at a median time of 104 days from transplantation (range 38 -215) and at a median time of 65 days from GVHD onset (range 12 -198). Median time from previous line to AAT treatment was 35 days (range 14-162). The 8 scheduled infusions of AAT were administered in all but one case (1 death).

Patient's characteristics at the beginning of AAT treatment are summarized in table 2. At AAT initiation, 4 patients (22 %) presented an overlap syndrome while the remaining had classical or late acute GVHD. Grading according to the MAGIC criteria [START_REF] Harris | Multicenter Standardization of Acute Graft-versus-Host Disease Clinical Data Collection: A Report from the Mount Sinai Acute GVHD International Consortium[END_REF] was: grade II in 5 cases (28 %), grade III in 12 cases (66 %), grade IV in 1 case (6 %). Lower gut was involved in 100% of cases and GVHD was histologically proven with either upper or lower gut biopsies in all but one case. Multi-organ involvement was present in one-third of cases (5/18 cases showed liver and gut involvement). The median number of treatment lines for SR-GVHD after corticosteroids and before AAT was 1 (range 0 -3), including antithymocyte globulin (ATG), etanercept, ruxolitinib, infliximab, extracorporeal photopheresis, mycophenolate mofetil and sirolimus. Median time from previous line to AAT treatment was 35 days (range 14 -162). The severity of gastrointestinal involvement at the time of AAT administration was confirmed by mean albumin level, which was significantly lower than baseline (preconditioning) levels and GVHD onset levels: 41.47 g/L ± 2.90 vs 32.47 g/L ± 5.25 vs 24.35 g/L ± 4.71 respectively (p< 0.0001).

Response rates and duration of response

The overall response rate was 44 %, including 5 CRs (27%) and 1 VGPR (6%); median time to best response was 21 days (range 6 -26).

All responders had already achieved their best response by day 28. Responses were sustained, with a continued ORR at day 56 of 39% (figure 1A). All patients who obtained a CR or a VGPR maintained it long term. One of the two patients who obtained a PR experienced a gut GVHD flare and died before day 56.

A CR in the gut was reached in 8 patients (44%), while 3 patients had a partial gut response, thus representing an overall rate of gastrointestinal responses of 61% (figure 1B). The median time to improvement in the gut stage was 17 days (range 6 -26). Three patients experienced gut response but liver progression; out of 6 patients who presented with liver disease, only one had a response. Among the remaining patients with liver disease, 4 rapidly progressed and eventually died. One was switched to a further line of immunosuppression and is still alive at the time of the present evaluation. Involved target organs, severity of GVHD, the number and type of prior treatments did not differ significantly between responders and non-responders.

Toxicity and infections

There were no infusion-related reactions and no grade 3-4 non-hematological organ toxicities. Neutrophil, lymphocyte and platelet counts were stable during treatment. Most of patients exhibit lymphopenia at start of AAT infusions (385/mm 3 , [50 -3400]).

Overall, 21 infectious events in 14 patients were recorded from day 1 to day 56; infections were a concomitant cause of death in 2 patients. The most frequent event was CMV reactivation (29% of all infectious events), with one case of CMV disease. Other infections included blood stream infections (n=5), pneumonias (n=3), other viral reactivations (n=3), invasive fungal infections (n=2), severe sepsis/septic shock (n=2).

Overall survival

Median follow-up of surviving patients after AAT treatment was 440 days (range 84 -602).

Median overall survival for the entire patients' cohort was 138 days; 1-year overall survival was 48% (95% CI 26% -74%); for responding patients 1-year OS was 83% (95% CI 27% -97%) for responding patients vs 20% for non-responding patients (95% CI 2% -55%), p=0.03 (figure 1C). All deaths were GVHD-related. At the end of follow up, 4 out of 8 responses (50%) were still ongoing, with patients being free from subsequent immunosuppressive therapy.

Baseline Alpha-1 anti-trypsin level in blood and feces is not associated with response to treatment

Mean serum AAT was in the normal range before treatment (1.72 g/l ± 0.46) and it rose after treatment start, with a peak at day 14 (1.72 g/L vs 2.22 g/L at day 7 vs 2.50 g/L at day 14; p < 0.0001) (figure 1D), without difference between responding and non-responding patients.

Median stool AAT before treatment was significantly superior to the upper normal limit of 1,5 mg/g of dry stool (12.87 mg/g of dry stool; IQR: 8.70 -19.39), irrespective of gut stage.

Pre-treatment stool calprotectin was higher than normal in all patients, with more substantial losses in patients with more severe gut involvement (p=0.048). There was no difference in baseline AAT and calprotectin stool levels between responders and nonresponders.

REG3α and IL-33 levels are associated with response to alpha-1 antitrypsin

The 45-cytokine panel was evaluable at baseline in 15 patients; twelve patients were available for paired analysis during treatment (before and two weeks after the beginning of AAT treatment). No statistically significant increase or decrease in cytokine plasma concentrations was observed. No difference was observed between pre-and post-treatment concentrations of IL-10 (180.3 vs 156.1 pg/ml; p = 0.62), IL-1β (0.89 vs 1.40 pg/ml; p=0.49), TNF-α (42.13 vs 37.47 pg/ml; p= 0.46) and IL-6 (45.62 vs 44.76 pg/ml; p = 0.26), (figure 2A-D). Significant lower baseline levels of REG3α and higher levels of IL-33 were found in responding patients. Median levels of REG3α were 9338 pg/ml (IQR: 6874 -14975) in responding patients vs 16737 pg/ml (IQR: 14726 -22092) in non-responding patients (p=0.05); median levels of IL-33 were 4.35 pg/ml (IQR: 2.12 -8.27) in responding patients vs 0.4 pg/ml (IQR: 0.4 -2.88) in non-responding patients (p=0.03) (figure 2E-F). No significant difference was observed in ST2 median level between responding and non-responding patients. However, a higher 1-year OS was found in patients with lower ST2 concentrations at the beginning of treatment (80% -CI: 21% -97%) with respect to those with higher ST2 concentrations (29% -CI: 2% -54%); p = 0.015. Median ST2 level was used as a cut-off to define the two groups.

Phenotype of circulating immune cells

Among patients who had evaluable samples for T cell phenotyping (n=13), we found a decrease in regulatory T cells at two and three weeks after AAT treatment initiation, which was significant between baseline and the third week of treatment (p=0.002) (figure 3A). The pattern of decrease was similar across responding and non-responding patients. No significant change in total CD8+ T-cells or effector memory CD8+ T-cells (CD8EM, CD45RA-CD27-CD28+) was detected after AAT treatment, but counts showed a trend towards an increase in both responders and non-responders. Similarly, the CD8/Treg ratio and the CD8EM/Treg ratio trend to increase at two and three weeks after the start of AAT treatment.

T-cell subsets were analyzed at baseline to detect possible different immune patterns between responding and non-responding patients: responding patients showed higher absolute values and percentages of both CD4EMRA and CD8EMRA (CD45RA+CD27-CD28-) in comparison with non-responders (figure 3B).

DISCUSSION

In this retrospective analysis, we confirmed that infusion of human derived AAT achieves responses in patients with SR gastrointestinal GVHD. Of note, these results were obtained in a cohort of very high-risk patients, 73% of whom showed grade III-IV acute GVHD and 64% of whom had already received at least one line of immunosuppressive treatment other than steroids.

The overall response rate was 44%, three-quarters of which were complete or very good partial responses. CRs and VGPRs were all maintained at day 56 from treatment start.

Responses appeared remarkable in the gut, with 44% of patients experiencing a complete resolution of their gastrointestinal symptoms and a further 21% showing an improvement of at least one stage. These results compare favorably with the 35% of CR rate achieved in a phase II prospective clinical trial, when AAT was administered as a first-line therapy after steroid failure and overall seem to confirm some clinical efficacy in SR-GVHD [START_REF] Magenau | α1-Antitrypsin infusion for treatment of steroid-resistant acute graft-versus-host disease[END_REF] . Moreover, data about gut responses, together with the confirmation in the present cohort of a systematic loss of fecal AAT in SR severe gut GVHD [START_REF] Rodriguez-Otero | Fecal calprotectin and alpha-1 antitrypsin predict severity and response to corticosteroids in gastrointestinal graft-versus-host disease[END_REF] , should encourage to possibly further explore the role of this drug in this particular setting.

Safety profile was good, as AAT has long been marketed for other indications and the tolerability of the compound had already been tested. [START_REF] Wencker | Long-term treatment of alpha1-antitrypsin deficiency-related pulmonary emphysema with human alpha1antitrypsin. Wissenschaftliche Arbeitsgemeinschaft zur Therapie von Lungenerkrankungen (WATL)-alpha1-AT-study group[END_REF] Infections were frequent but nonsevere in most cases. By comparison, prospective trials with other drugs such as antithymocyte globulin report up to 92% of viral infections and up to 84% of bacterial infections. [START_REF] Socié | A phase 3 randomized trial comparing inolimomab vs usual care in steroid-resistant acute GVHD[END_REF] Overall survival was 48% at 6 months, which is similar to the 49% average 6-month survival estimate reported in the setting of steroid refractory acute GVHD. [START_REF] Martin | First and Second-Line Systemic Treatment of Acute Graft-versus-host Disease: Recommendations of the American Society of Blood and Marrow Transplantation[END_REF][START_REF] Xhaard | Steroid-refractory acute GVHD: lack of long-term improved survival using new generation anticytokine treatment[END_REF][START_REF] Xhaard | A monocentric study of steroid-refractory acute graft-versus-host disease treatment with tacrolimus and mTOR inhibitor[END_REF] A six-month probability of survival at 83% for responding patients and at 20% for non-responding patients mostly reflected the high GVHD-related mortality for non-responding patients. "The low survival of non-responder could result from a patients' selection bias, since AAT was considered in corticosteroid-resistant patients, two third of them being resistant to a second line therapy with high risk of toxicities, and a potent worse prognosis due to a compromised performance status or the presence of an active infection.

No correlation was found between measured serum AAT levels and response rates. It is therefore impossible to evaluate if a minimum level of AAT serum concentration is necessary to observe a clinical response. Moreover, AAT circulating concentrations have been proven to be strongly influenced by seasonality even in healthy subjects, with peak production in winter, which makes it trickier to interpret data and establish possible correlations concerning this parameter. [START_REF] Horst | Host and Environmental Factors Influencing Individual Human Cytokine Responses[END_REF] As previously reported in the clinical setting, this analysis confirms that the cytokine profile before and after AAT treatment does not significantly vary, as opposed to observations in mouse models. [START_REF] Marcondes | Response of Steroid-Refractory Acute GVHD to α 1 -Antitrypsin[END_REF][START_REF] Magenau | α1-Antitrypsin infusion for treatment of steroid-resistant acute graft-versus-host disease[END_REF] Surprisingly, a significant decrease of regulatory T-cells between the preand post-treatment evaluation was observed, an evolution that could have been influenced by the persistence of circulating ATG during AAT treatment in patients who were previously treated with ATG for SR-GvHD. It should be noted that, in the present series, the median time from previous treatment was only 35 days and this might have interfered with the observed patterns of T-cell activation and differentiation. One could also speculate that the reduction of circulating regulatory T-cells could be a reflection of an increased homing towards secondary lymphoid organs, since only CD62L+ regulatory T-cells retain the protective effect in acute GVHD. [START_REF] Taylor | L-Selectinhi but not the L-selectinlo CD4+25+ T-regulatory cells are potent inhibitors of GVHD and BM graft rejection[END_REF][START_REF] Ermann | Only the CD62L+ subpopulation of CD4+CD25+ regulatory T cells protects from lethal acute GVHD[END_REF] Overall, the absence of correlation between AAT serum concentration and AAT peak with responses, the impossibility to show a significant change in the cytokine milieu and the observed decline in circulating regulatory T cells make clear that our understanding of the mechanism of action underlying AAT efficacy is somehow still limited.

Obviously, these results are limited by the small number of patients and by the retrospective nature of the analysis. Although coexistence of heterogenous patients with classical acute, late acute and overlap GVHD requires caution in the interpretation of data, the observation of some clinical activity in such a high-risk patients' cohort prompts for more investigation and supports the interest over the possibility to move the role of this drug earlier in the management of GVHD, as currently explored in a randomized clinical trial (NCT04167514). 
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