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The prognosis of patients who have received an allogeneic hematopoietic stem cell transplantation (allo-HSCT) and admitted to intensive care unit (ICU) is associated with high morbidity and mortality [START_REF] Afessa | Critical care of the hematopoietic stem cell transplant recipient[END_REF][START_REF] Agarwal | Intensive care unit experience of haemopoietic stem cell transplant patients[END_REF][START_REF] Boyacı | The intensive care management process in patients with hematopoietic stem cell transplantation and factors affecting their prognosis[END_REF][START_REF] Jenkins | Intensive Care Utilization for Hematopoietic Cell Transplant Recipients[END_REF][START_REF] Palomo | Mortality of Oncohematological Patients Undergoing Hematopoietic Stem Cell Transplantation Admitted to the Intensive Care Unit[END_REF][START_REF] Saillard | Critically ill allogeneic hematopoietic stem cell transplantation patients in the intensive care unit: reappraisal of actual prognosis[END_REF].

There is much literature on the long-term prognosis of these patients but very few data regarding allografts performed in ICU. Indeed, allograft conditioning is a high risk period, particularly for septic complications [START_REF] Kasberg | Aggressive Disease, Aggressive Treatment The Adult Hematopoietic Stem Cell Transplant Patient in the Intensive Care Unit[END_REF][START_REF] Benz | Risk factors for ICU admission and ICU survival after allogeneic hematopoietic SCT[END_REF]. To the best of our knowledge, there is no reported case of HSCT performed in ICU patients during septic shock with multi-organ failure (MOF).

Case n°1 (Figure 1A):

A 35-year-old male patient with a 3-year history of stage IV diffuse large B cell lymphoma was treated with seven lines of chemotherapy and then with an autograft. Because of a poor hematologic prognosis, he received a sequential regimen combining a short course of intensive chemotherapy and reduced intensity conditioning (TEC-RIC) before allo-HSCT. On the first day after conditioning, the patient had to be transferred to the ICU due to septic shock. At admission, he presented major MOF with hemodynamic failure (norepinephrine up to 2.8 µg/kg/min), myocardial failure (inotropic support by dobutamine up to 10 µg/kg/min), renal failure (continuous hemofiltration), respiratory failure requiring intubation with protective ventilation, liver failure, and aplasia. Blood cultures showed an extendedspectrum beta-lactamase-producing Escherichia coli without any site of infection identified (digestive translocation suspected). The patient progressively improved with antibiotic treatment (imipenem, amikacin and vancomycin) allowing the allo-HSCT to be performed at D5 from admission. At the time of transplantation, norepinephrine was 1.3 µg/kg/min, dobutamine was stopped and the patient still needed continuous hemofiltration and ventilatory support.

The evolution was then favorable allowing withdrawal of norepinephrine at D9 and extubation at D15 from admission. The engraftment, i.e. neutrophils > 1000/mm 3 , occurred at D12. After transplantation, a hepatic veno-occlusive disease was suspected leading to the introduction of defibrotide.

Hemophagocytic lymphohistiocytosis occurred at D15 after allo-HSCT revealing a relapse of B lymphoma, which was treated with etoposide and corticosteroid therapy. Unfortunately, the last event was again complicated by MOF leading to the patient's death at D32 from ICU admission.

Case n°2 (Figure 1B):

A 32-year-old female patient with acute myeloid leukemia type 1 (6;11) in first complete response received a sequential FLAMSA-RIC regimen (Fludarabine, intermediate dose Ara-C, Amsacrine followed by Busulfan, Endoxan and anti-thymocyte globulin). On the day her allo-HSCT was scheduled, she presented a septic shock secondary to Escherichia coli neutropenic colitis with MOF requiring ICU admission: hemodynamic failure (norepinephrine up to 0.7 µg/kg/min), renal failure (continuous hemofiltration), hematologic failure with disseminated intravascular coagulation, neurologic failure (Glasgow coma score equal to 10), and respiratory failure requiring intubation and mechanical ventilation.

Evolution was favorable on antibiotic therapy (piperacillin/tazobactam, amikacin and vancomycin) allowing norepinephrine withdrawal at D6 from ICU admission. The septic shock was controlled (i.e. no more increase in norepinephrine or vascular filling) and the allo-HSCT was performed at D6, but the patient still needed continuous hemofiltration and mechanical ventilation. After transplantation, there was moderate hemolysis due to ABO incompatibility of the allograft. The engraftment, i.e. neutrophils > 1000/mm 3 , occurred at D10 after transplantation. The patient was extubated at D15 from ICU admission and D9 after allo-HSCT. She was discharged from ICU at D28, i.e. 23 days after the allo-HSCT. The acute kidney injury progressively improved and renal replacement therapy was discontinued at D52 from ICU admission. The patient was still alive 7 months after allo-HSCT with complete remission.

These two cases highlight one major problem in such situations which is to find the best time to perform the allo-HSHC, particularly in ventilated patients with septic shock and MOF who will not recover from aplasia without bone marrow transplantation. In both cases, we chose to transplant these patients despite severe MOF because we considered that the risk-benefit ratio was in favor of restoring immunity. Moreover in both cases, the etiology of the septic shock was well identified allowing adapted broad spectrum antibiotic therapy with improvement and control of the sepsis within 48-72 hours. In the second observation, the graft had to be frozen for preservation with the risk of a gradual decrease in cell richness which was an additional argument for starting the allograft as soon as possible. Allograft was decided in collaboration with the onco-hematologists in these two cases. In the first case, intensivists and hematologists chose to perform an allograft despite the poor hematologic prognosis because the patient was young, with a good performance status and partial response before allo-HSCT. Furthermore, Zoellner et al. [START_REF] Zoellner | Sequential therapy combining clofarabine and T-cell-replete HLA-haploidentical haematopoietic SCT is feasible and shows efficacy in the treatment of refractory or relapsed aggressive lymphoma[END_REF] have shown that the two-year overall survival of patients with refractory hematological malignancies who received an allo-HSCT was 69%. This result appeared encouraging to both teams and the allograft was thus performed.

Finally, based on these two cases, we describe the feasibility of performing allograft in patients with MOF when the infection is well identified, documented and treated, and when hemodynamic, respiratory, hematologic and renal failure are sufficiently stable or improved. To our knowledge, we describe the first two cases of patients who received an allograft in ICU despite severe septic shock with MOF. One previous report described four cases of allo-HSCT in conditioned patients with hypoxemic acute respiratory failure requiring mechanical ventilation but without any hemodynamic instability or other organ failure [START_REF] Hamadah | Management of patients transferred to the ICU during the conditioning phase of allogeneic hematopoietic stem cell transplantation[END_REF]. Another case report also described a bone marrow transplantation in an ICU patient with isolated respiratory failure requiring mechanical ventilation for acute cardiogenic pulmonary edema [START_REF] Boehm | Successful allogeneic hematopoietic stem cell transplantation for acute myeloid leukemia during respiratory failure and invasive mechanical ventilation[END_REF].

In conclusion, we suggest that allograft bone marrow transplantation is feasible in ICU for patients with aplasia, during septic shock with MOF, especially when the etiology of shock is identified, microbiologically documented and treated, and when organ failure is controlled. Allo-HSHC should be considered as a rescue therapy in these patients and requires close multidisciplinary discussion between intensivists and onco-hematologists to analyze the risk-benefit ratio and to provide optimal decisionmaking for the benefit of the patient. (B). Time is shown on the x-axis (days), D1 is the day of ICU admission. On the left of the y-axis: doses of vasoactive drugs (norepinephrine (red line) and/or dobutamine (red dotted line); µg/kg/min). On the right of the y-axis: leukocyte count (Giga/l; black line), lactate (mmol/l; purple line) and procalcitonin (ng/ml; yellow line). On the upper part of the figure, the green rectangle represents the period with sedation, the blue rectangle the period with mechanical ventilation and the yellow rectangle the period with renal replacement therapy. HSCT: hematopoietic stem cell transplantation.

Figure 1 :

 1 Figure 1: Schematic representation of patients' evolution in ICU: patient n°1 (A) and patient n°2

  

  

Acknowledgments

The authors are grateful to Nikki Sabourin-Gibbs, Rouen University Hospital, for her help in editing the manuscript.