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Introduction

Infectious complications are frequent and life-threatening complications. (1) They generally occur during a febrile neutropenic phase including agranulocytosis with neutrophils < 500/mm3. This agranulocytosis is an expected side effect of chemotherapy. Because of its potential severity and frequency, the management of this febrile neutropenia is the subject of numerous recommendations.

(2,3)

Among the various infections, bacteremia via central venous catheters, widely used for the administration of chemotherapy, is the most frequent and the most serious. This bacteremia has been widely studied. Relapsed cancers and leukemia have been identified as independent risk factors for bacteremia. [START_REF] Ammann | Bloodstream infection in paediatric cancer centres-leukaemia and relapsed malignancies are independent risk factors[END_REF][START_REF] Adler | Catheterassociated bloodstream infections in pediatric hematology-oncology patients: factors associated with catheter removal and recurrence[END_REF][START_REF] Allen | Risk determinants for catheter-associated blood stream infections in children and young adults with cancer[END_REF] Our study will focus on describing in pediatric patients with relapsed acute lymphoblastic leukemia (ALL) different severe bacterial and viral infections and their evolution in the different treatment arms.

In this article, we did not study fungal infections because these are the subject of another article.

We will describe the demographic and clinical characteristics of these toxicities. This work aims to improve management for these children. Our study has been approved by the French leukemia committee.

Materials and Methods

Protocole IntreALL

The IntReALL protocol is an international, randomized, open-label, prospective, phase 3 study comparing 2 arms of treatment (ALL-REZ BFM 2002 arm protocol II-IDA vs (UKALL-R3, arm MITOX) and the addition of epratuzumab (anti-CD22) in the standard risk (SR) group and bortezomib (proteasome inhibitor) in the high risk (HR) group in consolidation for the 1st relapse of B-ALL and T-ALL. The main objective of this protocol is event-free survival (EFS) in children with the first relapse of acute lymphoblastic leukemia. Among the secondary objectives of IntReALL, the evaluation of toxicities, particularly infectious toxicities, is one of the challenges of this protocol. 

Criteria for inclusion

Prevention of bacterial infections

In the protocol, prophylaxis for pneumocystis carinii pneumopathy was provided by cotrimoxazole: 2-3 mg/kg trimethoprim (10-15mg/kg sulfamethoxazole) twice weekly for the duration of treatment. No further prophylaxis was planned.

Febrile Neutropenia Management

The management of febrile neutropenia is also addressed in the protocol. It is defined as neutropenia < 0.5x 10 9 /L and a fever greater than 38.5 °C. Antibiotic therapy with reassessment every 48 hours is proposed. The choice of antibiotic therapy and the addition of antifungal treatment is at the discretion of the local team. In the case of prolonged or repeated neutropenia, treatment with G-CSF could be proposed. 

Serious Adverse

Statistical analysis

All the data analyzed are qualitative, so we used a Chi2 test or a Fischer test depending on the number of cases.

Results

Centers and patients

Our The median age at relapse was 8 years. A majority of patients had a relapse of common LAL B (44%) or pre-B (40%).

Regarding the type of relapse, they could only affect the bone marrow and were then described as "isolated bone marrow", they could reach another site than the bone marrow and were described as isolated extramedullary. The majority of these extramedullary relapses were either neuromeningeal or testicular. Finally, if the relapse involved both bone marrow and an extramedullary site, they were described as combined. 51% of relapses were isolated bone marrow and were defined as "Late relapse" at 53% (the occurrence of the relapse was > 6 months after the end of the first line of treatment regardless of when the first leukemia was diagnosed). 2 patients in the SR group had bone marrow relapse combined with uterine or ovarian relapse. 47% of patients had a body mass index (BMI) between the 25th and 75th percentile for age, although 36% of patients had a BMI above the 75th percentile for age at diagnosis. In terms of evolution, in the SR group, at the time of data collection, 94 (72%) patients were in remission, 18 (14%) were being treated for a second relapse, 10 (7.6%) had died from a second relapse, 4 (3%) had died from an infection. In terms of evolution, in the HR group, at the time of data collection, 14 (32.5%) patients were in remission, 12 (27.8%) were being treated for a second relapse, 13 (30%) had died from a second relapse, 1 (2.3%) had died from an infection. 7/184 were withdrawn from the protocol for various reasons. Data on the BMI of 6 patients 

Infection based on treatment

We compared the occurrence of SAE by treatment arm. In the SR group, arms A and B had the same number of SAE (9 vs. 8) and the addition of Epratuzumab did not increase the risk of SAE. In the HR group, all SAE in arm A were without Bortezomib (n=5), whereas all SAE in arm B were in patients treated with Bortezomib (n=5). Then we investigated whether any period of treatment was at increased risk for the occurrence of SAE. The treatment of the SR group consisted of an induction, consolidation, and maintenance phase for a total treatment duration of 131 weeks. The treatment of the HR group consists of an induction phase, a consolidation phase, and a maintenance phase.

Depending on the evaluation of the disease, a hematopoietic stem cell transplant will be offered to the patient. Our study does not take into account the SAE that took place during or post-transplant.

Our analysis showed that the majority of SAE occurred during the induction period than during the consolidation period (63 vs 37%) with a higher differential in the HR group (70% vs 30%). We did not find any SAE during the maintenance phase. Finally, all of the SAE grades 3 to 5 in our study took place during the febrile aplasia phase. 

Types of infections and pathogens

Then we analyzed the type of infections listed. A majority of infections (74%; n = 20) were bacteraemia caused by central venous catheter infections; 11% (n = 3) were pulmonary or skin infections. The majority of these infections were due to Gram-negative bacilli (BGN) (71%, n= 20). The pathogens mainly found were E. coli (39%) and Pseudomonas aeruginosa (25%). Pseudomonas aeruginosa was found mainly in central line infections but also in a pelvic skin infection. 2 central line infections found several germs. Two pulmonary infections did not reveal any pathogen. 

Evolution of patients with SAE

Then we assessed the outcomes of patients who had done an SAE and compared the results to the cohort. In the SR group, the global rate of remission in the cohort was 72% compared to 47% for patients who did an SAE at the time of the study (p=0.03). Patients who did an SAE probably had a higher rate of relapse (29.4% vs. 13.8%; p = 0.055) and possibly also a higher rate of mortality after the second relapse (11.7% vs. 7.6%). On the other hand, for the HR group, we can notice some differences, which are difficult to interpret because of the small number of people who have done an SAE (n=10).

Concerning the post-infection deaths, we report 3 deaths in the 2 groups after pseudomonas aeruginosa bacteremia. The two other post-infection deaths listed in Table 1 are due to fungal infections. 

Discussion

The IntReAll protocol is an international protocol involving 19 countries to improve the management of ALL relapses. This collaboration provides robust and extrapolates results for all patients with this disease. One of the secondary objectives of this study was to evaluate the morbidity associated with treatment, including severe bacterial and viral infections. Indeed, many studies have evaluated the incidence and causes of severe bacterial and viral infections in ALL but few of these studies have focused on the treatment of ALL relapses. [START_REF] Oskarsson | Treatment-related mortality in relapsed childhood acute lymphoblastic leukemia[END_REF] It is for this purpose that we decided to carry out this work.

The clinical characteristics of the cohort used in this work were comparable to the data in the literature [START_REF] Einsiedel | Long-Term Outcome in Children With Relapsed ALL by Risk-Stratified Salvage Therapy: Results of Trial Acute Lymphoblastic Leukemia-Relapse Study of the Berlin-Frankfurt-Münster Group 87[END_REF][START_REF] O'connor | Infection-related mortality in children with acute lymphoblastic leukemia: an analysis of infectious deaths on UKALL2003[END_REF]: the median age of 11 years, 70% male patients, 90% ALL-B, 50% isolated bone marrow relapse.

Our study collected patient data from May 2014 for those treated in the SR group and September 2017 for the HR group until April 2020. Data from 184 patients were treated. We demonstrated a 14.6% rate of bacterial and viral SAE (n=27). Furthermore, the results of this work suggest that: type of leukemia, type of relapse, relapse time, BMI at diagnosis, treatment arm, the addition of Epratuzumab, or Bortezomib does not influence the occurrence of SAE. On the other hand, the induction phase of the protocol, the aplasia phases presented an increased risk of bacterial or viral SAE. Moreover, in our cohort, 74% of bacterial and viral SAE were due to central venous catheter infection, and 71% of these infections revealed Gram-negative bacteria. Also, this work has shown that the occurrence of SAE has an impact on prognosis. Patients who had an SAE had a remission rate at the time of the study of 47% vs. 72% for patients who had not had an SAE.

We did not find any study concerning ALL relapse that took into account the data on BMI, however, a study in the United States evaluating the occurrence of SAE in an obese pediatric sub-population with primary ALL found a similar rate of patients with BMI > 90th. [START_REF] Meenan | Obesity in pediatric patients with acute lymphoblastic leukemia increases the risk of adverse events during premaintenance chemotherapy[END_REF] Our work has shown a possibly high rate of bacterial and viral SAE in patients who were underweighted and/or obese at diagnosis. Some studies have demonstrated an increase in infectious risk and overall risk for obese patients. [START_REF] Meenan | Obesity in pediatric patients with acute lymphoblastic leukemia increases the risk of adverse events during premaintenance chemotherapy[END_REF][START_REF] Orgel | Impact on Survival and Toxicity by Duration of Weight Extremes During Treatment for Pediatric Acute Lymphoblastic Leukemia: A Report From the Children's Oncology Group[END_REF] However, the mechanisms are not well known: variations in pharmacokinetics and the influence of adipocytes in the resistance mechanism are proposed to explain these observations. (12,13) These data are of real public health importance given the increasing rate of obesity among children and adolescents in our industrialized societies. However, Orgel and al. study showed that patients who were underweight and/or obese at diagnosis could have a similar EFS to patients without an eating disorder if they have a BMI within the norms. These results may allow the implementation of preventive actions and improve the EFS of these patients. Finally, it should be remembered that BMI alone is limited for assessing nutritional status and that a patient in a state of obesity can also suffer from underweight.

Bacteraemia is one of the most serious complications in pediatric oncology. They result mainly from an infection of the central venous catheter, which is essential for the administration of chemotherapy.

Our study revealed a majority of bacteremia due to central venous catheter infection (74%). In a 2016 study by Hord and al, on 15 pediatric oncology centers in the United States, the rate of central venous catheter infection was higher for hospitalized patients than for ambulatory patients; however, there was no suggestive difference between types of catheters. ( 14) In our study, the type of catheter and whether it is ambulatory or hospitalized is not specified. However, the majority of serious infections occur during the induction phase, therefore the infections must occur in the hospital. In the literature, these central venous catheter infections in pediatric oncology are mainly due to GNB [START_REF] Kuo | Bloodstream infections in pediatric patients with acute leukemia: Emphasis on gram-negative bacteria infections[END_REF] Given the mortality and morbidity of these infections and the reproducibility of the results, the question of antibiotic prophylaxis against GNB was raised. Levofloxacin by its action on GNB with a spectrum also targeting GPB is effective in the prevention of infections during cancer treatments. [START_REF] Bucaneve | Levofloxacin to Prevent Bacterial Infection in Patients with Cancer and Neutropenia[END_REF] In leukemia relapses, levofloxacin has also been studied. In December 2018, Alexender and al published a study of 200 pediatric ALL patients including 70 relapses of ALL. This study found a lower rate of bacteremia in the prophylaxis group (21.9% vs. 43.4% p=0.001 for overall leukemia and 18.8% vs. 50% p=0.007 for relapsed leukemia). ( 18) Levofloxacin antibiotic prophylaxis could reduce the risk of SAE.

To conclude, this study resulting from the processing of data from the French patients of the IntReALL cohort allowed to clarify the epidemiology of serious bacterial and viral infections. In patients suffering from ALL relapse, these data must be confirmed at the international cohort level to be able to propose concrete solutions to one of the major complications of the treatment of these cancers.

Resume

The IntReALL protocol is an international, phase 3 study for the 1st relapse of childhood B-ALL and T-ALL. Our work focuses on the epidemiology of serious bacterial and viral infections in the French population of this protocol. We collected patient data from May 2014 for those treated in the SR group and September 2017 for the HR group until April 2020. Data from 184 patients were treated. We demonstrated a 14.6% rate of bacterial and viral SAE (n=27). The results of this work suggest that: type of leukemia, type of relapse, relapse time, BMI at diagnosis, treatment arm, the addition of Epratuzumab, or Bortezomib does not influence the occurrence of SAE. On the other hand, in the induction phase of the protocol, the aplasia presented an increased risk of bacterial or viral SAE.

Moreover, in our cohort, 74% of bacterial and viral SAE were due to central venous catheter infection, and 71% of these infections revealed a Gram-negative bacillus (GNB). Also, this work has shown that the occurrence of SAE has an impact on prognosis. Patients who had an SAE had a remission rate at the time of the study of 47% vs. 72% (p=0.03) for patients who had not had an SAE. These data must be confirmed at the international cohort level to be able to propose concrete solutions to one of the major complications of the treatment of these cancers.

  LEUCEMIE AIGUE LYMPHOBLASTIQUE IntReALL. THESE D'EXERCICE DE MEDECINE Présentée et soutenue publiquement le 19 octobre 2020 A la faculté de médecine de Nice par Monsieur KEBAILI Aymène Né le 24 novembre 1991 à Saint-Raphaël (83) Pour l'obtention du Diplôme d'Etat de Docteur en médecine adverse event G-CSF: Granulocyte-Colony Stimulating Factor BMI: Body mass index GNB: Gram-negative bacteria GPB: Gram-positive bacteria

  -25th percentile 25-75th percentile 75-90thpercentile >90th percentile

  

  

  

Table 1 :

 1 Demographic description of the IntReALL cohort. CNS : Central Nervous System, BM : bone marrow of 11 patients were missing. All data are listed in Table 1. Among this cohort of 184 patients, we identified 27 (14.6%) bacterial or viral SAE grade 3-5. 17 (12%) were in the SR group and 10 (23%) were in the HR group. Girls accounted for 44% of the SAE and boys for 56%. The median age was 7.5 years. 1 patient in each group had 2 different bacterial or viral SAE.Infection based on the characteristics of the diseaseThen we studied SAE based on the characteristics of the disease in terms of the type of leukemia, type of relapse, and time point of relapse. In the SR group, no type of leukemia was over-risk for SAE, and the differences were consistent with the cohort of patients. In the HR group, 1 patient with mature Tcell leukemia had 2 SAE. In terms of the type of relapse, isolated and combined bone marrow relapses accounted for 51% and 23% of the entire cohort, 55% of the SAE were for isolated bone marrow relapses and 29.6% for combined bone marrow relapses. In terms of the time of relapse, being in the very early (relapse <18 months after diagnosis and <6 months after the end of treatment of first leukemia) or early (relapse >18 months and <6 months) or late (>6 months) group did not represent an increased risk of bacterial or viral SAE.

	SR	HR	Total

Table 2 :

 2 

SAE based on characteristic of the disease. A: type of leukaemia; B : type of relapse ; C : time point of relapse. BM= bonne marrow; CNS: central nervous system

Table 3

 3 

	B	
	12	
	10	
	8	
	6	
	4	
	2	
	0	
	Induction Consolidation Induction Consolidation
	SR	HR
	: SAE based on treatment. A: SAE by treatment arm; B: SAE by period of treatment	

Table 4 :

 4 Percentage of SAE based on body mass index.

Table 5 :

 5 SAE based on types of infections (A) and pathogens (B).

	A																
	Bacteremia Skin	Pulmonary Pyelonephritis									
				4%													
			11%														
		11%														
					74%												
	B																
	12																
	10																
	8																
	6																
	4																
	2																
	0																
	E.Coli	Pseudomonas	aeruginosa	Neisseria	flavescens	Klebseilla	pneumoniae	Streptoccocus	pneumoniae	Streptoccocus	oralis	Streptoccocus	mitis	Streptoccocus	sanguinis	VZV	VRS
			BGN							BGP					Virus	Undocumented

Table 6 :

 6 Evolution after bacterial or viral SAE.

  , in our cohort, these infections represented 71% of bacterial and viral SAE. In a study published in November 2019, Chen and al, report a retrospective study on 784 pediatric leukemia and cancer patients showing a 49.6% rate of BGN bacteremia. (16) In a study published in 2015, identifying bacteremia in 103

patients with leukemia, 57% was due to GNB: 23% to E. coli infection, 12.6% to Klebsiella pneumoniae, and 7.8% to Pseudomonas Aeruginosa.

[START_REF] Kuo | Bloodstream infections in pediatric patients with acute leukemia: Emphasis on gram-negative bacteria infections[END_REF] 

As in our work, these different studies showed high mortality due to Pseudomonas Aeruginosa.