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Introduction

Allogeneic hematopoietic cell transplantation (allo-HCT) is often the best option to cure intermediate and high-risk acute myeloid leukemia (AML). However, despite improvements in the field of allo-HCT in recent years [START_REF] Malard | Continuous reduced nonrelapse mortality after allogeneic hematopoietic stem cell transplantation: a single-institution's three decade experience[END_REF] , approximately 35 to 45% of patients will relapse with their original malignancy [START_REF] Bejanyan | Survival of patients with acute myeloid leukemia relapsing after allogeneic hematopoietic cell transplantation: a center for international blood and marrow transplant research study[END_REF][START_REF] Schmid | Treatment, risk factors, and outcome of adults with relapsed AML after reduced intensity conditioning for allogeneic stem cell transplantation[END_REF] . In patients that relapse after allo-HCT, the main challenge is to overcome drug treatment resistance to achieve a new complete remission (CR), while avoiding excessive toxicity.

Salvage therapy as a bridge to second transplant appears to be the best curative option in this situation [START_REF] Döhner | Diagnosis and management of AML in adults: 2017 ELN recommendations from an international expert panel[END_REF] . Although salvage regimens with intensive chemotherapy can lead to second CR [START_REF] Sauer | Treatment strategies in patients with AML or high-risk myelodysplastic syndrome relapsed after Allo-SCT[END_REF] , no combination has been shown to be superior to another, and a high incidence of early secondary relapse is frequently observed [START_REF] Devillier | Outcome of relapse after allogeneic stem cell transplant in patients with acute myeloid leukemia[END_REF] .

Gemtuzumab ozogamicin (GO, trade name Mylotarg) is a monoclonal antibody to CD33 linked to a cytotoxic agent from the class of calicheamicins [START_REF] Sievers | Efficacy and safety of gemtuzumab ozogamicin in patients with CD33-positive acute myeloid leukemia in first relapse[END_REF] . GO is currently approved for first-line treatment of AML in combination with daunorubicin and cytarabine. Furthermore, it has been used for refractory or relapsed AML with a response rate of approximately 30% when used alone, and up to 60% when used in combination with other chemotherapy agents [START_REF] Debureaux | Fractionated gemtuzumab ozogamicin in association with high dose chemotherapy: a bridge to allogeneic stem cell transplantation in refractory and relapsed acute myeloid leukemia[END_REF] . Liver toxicity of GO has long been considered a limiting factor, particularly for patients who have received a prior transplant. The use of GO in a fractionated schedule has been proposed to decrease toxicity for patients with refractory or relapsed AML after chemotherapy, with encouraging results [START_REF] Debureaux | Fractionated gemtuzumab ozogamicin in association with high dose chemotherapy: a bridge to allogeneic stem cell transplantation in refractory and relapsed acute myeloid leukemia[END_REF][START_REF] Taksin | High efficacy and safety profile of fractionated doses of Mylotarg as induction therapy in patients with relapsed acute myeloblastic leukemia: a prospective study of the alfa group[END_REF][START_REF] Chantepie | Gemtuzumab ozogamicin in combination with intensive chemotherapy in relapsed or refractory acute myeloid leukemia[END_REF][START_REF] Brethon | Efficacy of fractionated gemtuzumab ozogamicin combined with cytarabine in advanced childhood myeloid leukaemia[END_REF] . We therefore summarize our experience in using GO in association with high-dose chemotherapy in patients relapsing after a first allo-HCT.

Patients and methods

Using medical records, we identified and selected consecutive patients treated with fractioned GO (fGO) and intensive chemotherapy for relapsed AML after allo-HCT between 2007 and 2019 in the hematology department of Saint-Antoine Hospital, Paris. Among the 5 to 7 AML patients relapsing after allo-HCT each year in our department, treatment decisions were made by senior hematologist based on performance status, comorbidities and disease characteristics of patients (cytogenetics findings, mutational status and time between first transplant and relapse). Only patients receiving GO for the first time were included in this study.

Data were collected according to institutional policy and under the guidelines of the 1975 Declaration of Helsinki, as revised in 2008.

Relapse after allo-HCT was confirmed by bone marrow aspiration according to the European LeukemiaNet (ELN) recommendations [START_REF] Döhner | Diagnosis and management of AML in adults: 2017 ELN recommendations from an international expert panel[END_REF] .

Endpoints were safety and tolerability (median duration of neutropenia and thrombocytopenia, hepatic toxicity, infectious events), overall response rate (ORR) and overall survival (OS).

Response was defined according to the ELN 2017 guidelines [START_REF] Döhner | Diagnosis and management of AML in adults: 2017 ELN recommendations from an international expert panel[END_REF] and notably CR with incomplete hematological recovery (CRi) was obtained when a patient reached all complete remission criteria except for residual neutropenia (<1.0 × 10 9 /L) or thrombocytopenia (<100 × 10 9 /L). OS was calculated from the time of salvage treatment initiation after relapse to death from any cause. The probabilities of OS were calculated using the Kaplan-Meier estimator. Statistical analyses were carried out using STATA/SE version 14.1 (Stata corp., College Station, TX, USA).

Results

Between 2007 and 2019, 18 consecutive patients relapsing after allo-HCT and treated with intensive chemotherapy associated with fGO were included. The characteristics of patients are summarized in Table 1. The median age at diagnosis and at the time of relapse after allo-HCT was 40 (range, 18-65) and 41 (range, 19-71) years, respectively.

According to the ELN 2017 classification, the prognosis was adverse for 7 patients, intermediate for 10 patients and favorable for 1 patient. Two patients had secondary AML following myelodysplastic syndrome (n=1) or therapy related (n=1).

All 18 patients had previously received intensive chemotherapy induction followed by an allo-HCT. Six patients had a myeloablative conditioning regimen, 5 patients had a reduced-intensity conditioning regimen and 7 patients had a sequential intensified conditioning regimen. The donor sources of the first allo-HCT were: matched sibling (n=8), matched unrelated (n=3), haplo-identical (n=3) and cord blood unit (n=4). Nine (50%) patients had acute graft-versus-host disease (GVHD) after the first allo-HCT (all grade I or II) and 3 (17%) patients developed chronic GVHD (2 mild and 1 moderate). The median time between allo-HCT and relapse was 8.9 months (range, 3.7-128). Eight patients (44%) had relapsed less than 6 months after the first allo-HCT and 13 patients (72%) had relapsed during the first year following the first allo-HCT. Cytogenetic findings were identical between diagnosis and relapse after the first allo-HCT in 9 patients, and findings were different with acquired mutations in 6 patients. Data were not available for 3 patients.

The median CD33 expression on medullar blast cells at relapse was 89% (range, 67-100). The risk factors for the development of veno-occlusive disease (VOD) [START_REF] Strouse | Risk Score for Development of Veno-Occlusive Disease After Allogeneic Hematopoietic Cell Transplant[END_REF] evaluated n=2), fGO based chemotherapy and donor lymphocyte infusion (DLI) (n=3), fGO based chemotherapy and second allo-HCT (n=1), fGO based chemotherapy, DLI and second allo-HCT (n=3), or second allo-HCT only (n=1). The 3 remaining patients did not receive additional consolidation therapy for early relapse (n=2) or incomplete platelet recovery (n=1). In total, 5 patients underwent a second transplant from a different donor at a median time of 226 (range, 71-387) days after an fGO-based salvage regimen. The conditioning regimen for these 5 patients was sequential (FLAMSA like) in 4 patients and reduced intensity in 1 patient. Two patients relapsed 17.8 and 10.7 months after the second allo-HCT, whereas the other 3 patients were still alive and in CR at the time of last follow up (median follow up: 75.9 months, range 30.4-75.9 months). Of these 5 patients, 2 had grade I acute GVHD and 2 patients developed chronic GVHD (1 severe and 1 moderate). The 2-year OS was 75% (95% CI: 31-93) and 12% (95% CI: 1-40), respectively between patients who had received cellular therapy consolidation (DLI and 2 nd allo-HCT) or not (p<0.001).

No death was attributed to treatment toxicity. Eleven patients died during the followup period due to progressive disease. The median length of hospitalization during salvage treatment was 41 (range, 29-144) days. All patients experienced grade 3-4 neutropenia and thrombocytopenia. The median duration of neutropenia (< 0.5 x 10 9 /L) and severe thrombocytopenia (platelets < 20 x 10 9 /L) was 35 (range, 22-59) days and 42 (range, 33-75) days, respectively. No granulocyte-colony stimulating factor was used, except in one case of severe infection. fGO and chemotherapy in AML patients relapsing after allo-HCT 9 Ten (56%) patients experienced a grade 3-4 infection during the salvage treatment: 8 had bacteremia, 1 had a cerebral abscess, 1 had an abdominal abscess and 1 had hepato-splenic candidiasis.

The main liver toxicity was transient and consisted of transaminase level elevation (grade 0-2: 50%, grade 3: 39%, grade 4: 0%) and hyperbilirubinemia (grade 3 in 1 case). No cases of VOD were observed after the GO treatment or after the second transplant. All patients received ursodeoxycholic acid as VOD prophylaxis at the time of GO salvage regimen and during consolidation therapies. In addition, 6 patients received prophylaxis for VOD at the time of GO salvage regimen treatment with either low dose heparin (n=3) or defibrotide (n=3) at 25 mg per kg from day 1 through day 30. One patient had to stop defibrotide after 8 days due to hemorrhagic cystitis.

All patients that underwent a second allo-HCT received defibrotide as VOD prophylaxis.

Four (22%) patients had grade 3-4 bleeding: 3 patients suffered from hemorrhagic cystitis and 1 had disseminated intravascular coagulation.

Discussion

We report here the use of high-dose chemotherapy associated with fGO in 18 AML patients relapsing after allo-HCT.

Post-transplant AML relapse generally has poor outcomes as previously discussed.

In this study we report encouraging rates of ORR (72%) and OS (42%) at 2 years.

Even if most patients achieve CR, the remission is transient, and consolidation therapy is needed. Five patients in our cohort could have benefitted from a second transplant and 60% of them did not relapse illustrating the fact that this salvage regimen could be a successful bridge to a second transplant.

A major concern arises from the GO hepatic toxicity and the reported high incidence of VOD, particularly in heavily pre-treated patients [START_REF] Mckoy | Gemtuzumab ozogamicin-associated sinusoidal obstructive syndrome (SOS): an overview from the research on adverse drug events and reports (RADAR) project[END_REF] .

These results had contributed to the withdrawal of GO from the commercial market by the FDA in October 2010 18 . Interestingly in our study of 18 patients treated with fGO, no case of VOD was reported, even for those who underwent a second transplant. This good tolerance may be explained by the reduced toxicity of GO when used in a fractionated schedule leading to lower peak plasma drug level [START_REF] Taksin | High efficacy and safety profile of fractionated doses of Mylotarg as induction therapy in patients with relapsed acute myeloblastic leukemia: a prospective study of the alfa group[END_REF][START_REF] Maniecki | Is hepatotoxicity in patients treated with gemtuzumabozogamicin due to specific targeting of hepatocytes?[END_REF] , a parameter highly associated with the rate of VOD as shown in a analysis conducted by the Food and Drug Administration in 2017 18 .

Another concern about using GO in combination with high-dose chemotherapy in a post-transplant setting is the hematologic toxicity and, the duration of cytopenia, exposing the patient to a higher risk of hemorrhagic complications and infections. We reported a 56% rate of severe infections and a 22% rate of severe hemorrhagic complications during the salvage induction therapy. It is important to note that none of these episodes were fatal. Nevertheless, the length of hospitalization was substantial with a median of 41 days. This fact must be balanced with the patient's quality of life. Patients unfit for intensive salvage regimen may still benefit from azacitidine treatment as reported previously [START_REF] Craddock | Clinical activity of azacitidine in patients who relapse after allogeneic stem cell transplantation for acute myeloid leukemia[END_REF] . In some cases, new strategies involving targeted therapies against FLT-3 22 or isocitrate deshydrogenase 1/2 [START_REF] Dinardo | Durable Remissions with Ivosidenib in IDH1-Mutated Relapsed or Refractory AML[END_REF][START_REF] Stein | Enasidenib in mutant IDH2 relapsed or refractory acute myeloid leukemia[END_REF] mutations could be used as a bridge to a second allo-SCT. However, these strategies seem to be more effective for molecular relapse and are often not possible in case of proliferative disease.

In conclusion, our study suggests the feasibility and safety of a fGO-based salvage regimen combined with intensive chemotherapy. Results for response and survival were encouraging in heavily pre-treated CD33+ AML patients relapsing after allo-HCT. 
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