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Study Design:

( Retrospective registry-based (Med A/Med B)  

( With additional data collection

Research hypothesis:

Comparison of outcomes in paediatric patients with acute leukemia undergoing HLA-haploidentical stem cell transplant using TCR αβ/CD19+ depleted or post-transplant cyclophosphamide (PTCY) based approach.
Study Rationale:

Haploidentical hematopoietic stem cell transplants (haploHCTs) are now increasingly being performed in both malignant and non-malignant disorders when a suitable matched sibling (MSD) or fully matched unrelated donor (MUD) are unavailable [1]. However, human leukocyte antigen (HLA)-mismatched transplants are associated with increased risks of graft rejection and graft-versus-host disease (GvHD). To circumvent this latter obstacle haploHCTs require T-cell depletion/modulation strategies to safely and successfully overcome the HLA disparity. Common strategies include the use of post-transplant cyclophosphamide (PTCY) given 3 and 4 days after graft infusion to decrease the expanded population of alloreactive T-cells, or ex-vivo depletion of alpha-beta T-cells (TCR αβ/CD19+ depletion) by immunomagnetic columns prior to graft infusion. CD19+ B-cells are typically also depleted to decrease the risk of EBV reactivation in the setting of a T-cell deplete transplant and, thus, lymphoproliferative disorder. 

Landscape of PTCY based haploHCT: A recent CIBMTR study showed that 80% of haploHCTs are being performed using PTCY for GVHD prophylaxis [2]. In a survey of 315 HCT physicians [2], 21% of respondents predicted that haploidentical donors would be the preferred donors and 55% predicted that calcineurin inhibitor (CNI) based GvHD prophylaxis will be replaced by PTCY in the coming years. Single center studies using haploHCTs in hematological malignancies have shown rates of leukemia-free survival (LFS), overall survival (OS) and acute graft versus host disease (aGvHD) and chronic GvHD comparable to those recorded after MUD transplantation [3-6]. Registry-based studies in adults have also shown outcomes of haploHCT similar to those of MUD transplants and even MSD transplants in acute leukemias and lymphomas [7]. The role of haploidentical related donors is being considered by some centers to be nearly equivalent to that of a MUD allograft. In a recent CIBMTR study of adults with acute myeloid leukemia (AML) in first complete remission, CR1, Rashidi et al [8] compared 336 patients who underwent a PTCY based haploHCT with 869 MSD using CNI-based GvHD prophylaxis. The haploHCT group included more reduced-intensity conditioning (65% vs 30%) and bone marrow grafts (62% vs 7%). In multivariable analysis, haplo-HCT and MSD did not significantly differ with regards to OS, LFS, non-relapse mortality, relapse incidence or grade II-IV aGvHD. However, the haploHCT group had a significantly lower rate of chronic GvHD.  

PTCY based haploHCT in children: Shah et al. elegantly summarized all relevant studies (n=12) that have reported outcomes of PTCY based haploHCT in children (n=385) from 2016 to 2020 [9].  Myeloablative conditioning (MAC) regimens were used in 70% (n=273) and reduced intensity conditioning (RIC) regimens were used in the remaining 30% (n=112). Four studies used only bone marrow (BM) as the graft source, one study used BM and peripheral blood stem cells (PBSC) grafts, two studies used either BM or PBSC, and five studies used only PBSC grafts. Collectively, the reported incidence of graft failure was 0-13%, acute GvHD (grade II-IV) was 17-47%, incidence of chronic GvHD was 4-53%, incidence of non-relapse mortality (NRM) was 2.9 - 36%, and rate of relapse was 17.6 to 52%. The disease-free survival (DFS) and overall survival at last follow up in these studies ranged from 33 to 78% and from 48 to 84%, respectively. 

Ex-vivo T cell depleted HaploHCT in children: The outcomes of ex vivo T cell depleted haploHCT using TCR αβ/CD19+ depletion also appears to be promising in children with acute leukemia. In a prospective study [10] evaluating the outcome of children with acute leukemia who received TCR αβ/CD19+ depleted grafts, the 5-year probability of GvHD and Relapse Free Survival (GRFS) was 71%. In another multicenter retrospective study by Bertaina et al [11] comparing MUD, mismatched unrelated donor (MMUD) and TCR αβ/CD19+ transplants in acute leukemia, the GvHD rates were remarkably low in TCR αβ/CD19+ depleted transplants (grade II-IV 16%, grade III-IV 0%), with comparable LFS between TCR αβ/CD19+ depleted and MUD, while the outcome of patients transplanted from a MMUD was worse. Pulsipher and colleagues reported the outcomes of 51 children and young adults (0-21 years) with acute leukemia and MDS who received TCR αβ/CD19+ depleted transplants [12]. The 2-year DFS and OS was 79% and 82% respectively with graft failure rate of 7.8%. Compared to a CBIMTR cohort of umbilical cord blood and MUD transplant recipients, this cohort had significantly decreased rates of acute and chronic GvHD. Recently, Merli et al. [13] updated the results initially published by Locatelli et al [10]. This more recent cohort included 213 children with acute leukemia and a longer follow-up (median, 47.6 months for surviving patients). With a 5-year cumulative incidence of non-relapse mortality of 5.2% (95% confidence interval [CI], 2.8%-8.8%) and a cumulative incidence of relapse of 22.7% (95% CI, 16.9%-29.2%), projected 10-year overall and disease-free survival (DFS) were 75.4% (95% CI, 68.6%-80.9%) and 71.6% (95% CI, 64.4%-77.6%), respectively. Cumulative incidence of both grade II-IV acute and chronic graft-versus-host disease were low (14.7% and 8.1%, respectively) [13].

Comparing PTCY vs Ex-vivo T cell depleted Approaches in Children: Perez-Martinez and colleagues performed a retrospective comparative analysis of pediatric haploHCT in Spain in 192 patients of a median age of 8.6 years with high-risk hematological malignancies (ALL, AML, JMML, CML, MDS, JMML) [14]. This included 41 recipients of PTCY haploHCT and 151 recipients of various ex vivo T cell depletion strategies. The latter included CD3-depletion either by CD34+ positive selection or CD3+CD19+ negative depletion, TCRαβ+CD19+ depletion or CD45RA+ cell depletion with CD34+ addback. Except for nine patients who received PTCY and bone marrow grafts, all other patients received PBSC grafts. The 2-year OS was 55%, DFS was 49% and relapse rate 30%, aGvHD grade III-IV: 18%, 2-year cGvHD 32%, 2-year GRFS of 40%; graft failure rate of 28% and TRM of 21% with no difference between both platforms. The authors concluded that both platforms of haploHCT were equally effective. Unfortunately, this analysis included a number of different and heterogenous ex-vivo depletion strategies and there was no direct comparison of the most common ex vivo currently in use for both Europe and North America, TCR+CD19+ depletion.

Study Phases:

(i.e. Primary registry data survey, additional data collection, analysis et al)

Primary registry data interrogation/analysis 

Additional data collection

Analysis of final data set

Manuscript preparation

Timeline:

(to be completed by applicant and data office in Paris)

To be discussed with PDWP team according to available data in both registries  

Study Procedure: 

Retrospective data collection from the EBMT sites.

Study Population:

Children up to the age of 18 years receiving allogeneic stem cell transplants from HLA- haploidentical related donors for acute leukemia, reported to the EBMT registry.

Inclusion Criteria:

1) First allogeneic HCT for acute lymphoblastic (ALL) or AML, including therapy related leukemia.
2) Haploidentical related donor with TCR αβ/CD19+depleted or PTCY approach
3) Age < 18 years at HCT
4) Year of Transplant: 01/2010-12/2022
5) First allo HSCT(no previous auto or allo)
Exclusion Criteria:

1) Patients receiving haploHCT without TCR αβ/CD19+depleted or PTCY
2) Patients receiving grafts from multiple donors.
3) Patients with refractory disease pre-transplant
Research Variables: 

Patient-Related:
· Recipient age at transplant (<1 year, 1-9 years, 10-18 years)
· Recipient gender: male vs female
· Performance status 
Donor-Related: 
· Donor Age  
· Donor-recipient sex match 
· Donor-recipient CMV serostatus match  
Disease-related: 
· Disease: ALL vs AML 
· Disease status:  CR1, CR2 , CR3, active disease
· Cytogenetic/molecular recurrent lesions

· Immunophenotype for ALL (B-cell precursor vs. T-cell)

Transplant-related:

· Year of HSCT 
· Time from diagnosis to transplant
· Conditioning intensity: Myeloablative vs Reduced Intensity 
· Conditioning Regimen: Total body irradiation based, busulfan based, treosulfan based, or other
· TBI: Yes /or No.  If yes, dose in Gy
· ATG /alemtuzumab: Y/N. Type of ATG (Grafalon vs. Thymoglobulin)
· Graft type: peripheral blood vs. bone marrow
· Stem cell product CD34 and TNC cell dose for both  TCR αβ/CD19+depleted or PTCY approach
Post-transplant 
· Time (days) from HCT to neutrophil and platelet engraftment 
· Primary Graft failure (Y/N) 
· Grade II-IV vs III- IV aGVHD (Y/N; skin/liver/GI tract)

· Chronic GVHD (Y/N, moderate/severe) 
· Relapse (Y/N), Time from HCT for relapse 
· Follow up in months.
· Survival (alive/dead), Cause of death
· Secondary malignancy (Y/N), Type, Time from HCT for secondary malignancy
· Second interventions after the first haplo with either TCR αβ/CD19+depleted or PTCY approach
· 2nd transplant (Y/N), Time from HCT
·  Other post HCT interventions: CART, CD34 boost, DLI (if feasible)+ Dates
Primary Objective: 

To compare leukemia-free survival outcomes between TCR αβ/CD19+depleted or PTCY approach approaches in pediatric HLA-haploidentical transplants.

Secondary Objective(s):

Overall Survival (OS)
GvHD-free/relapse-free survival (GRFS). Both grade III-IV and severe chronic GvHD will be counted as an event
Non-relapse mortality (NRM)
Incidence of graft failure (GF)
Time to neutrophil and platelet recovery  
Incidence and severity of acute GvHD
Incidence and severity of chronic GvHD
Primary Endpoint (measure of outcome):

Leukemia-free survival (LFS)

Secondary Endpoint(s):

Overall Survival (OS)
GvHD-free/relapse-free survival (GRFS) 
NRM
Incidence of graft failure (GF)
Time to neutrophil and platelet recovery  
Incidence and severity of acute GvHD
Incidence and severity of chronic GvHD
Definitions

· Leukaemia-free survival (LFS): time from allo-HCT to relapse or death. Patient without event will be censored at last follow-up
· Overall Surival: time from allo HCT to death due to any cause

· Relapse incidence (RI): time from allo-HCT to first event of relapse. Death without evidence of relapse is a competing event. Patient without event will be censored at last follow-up.

· Non relapse mortality (NRM): time from allo-HCT to death without evidence of relapse, which will be considered a competing event Patient without event will be censored at last follow-up.

· Acute Graft-versus-host disease (aGVHD): time from allo-HCT to acute GVHD with relapse and death as competing events. Patient without event will be censored at last follow-up.

· Chronic Graft-versus-host disease (cGVHD): time from allo-HCT to chronic GVHD with relapse and death as competing events. Patient without event will be censored at last follow-up.
· GVHD-free, relapse-free survival (GRFS), in which events include grade III-IV aGVHD, severe cGVHD, relapse, or death for the entire population.

· Chronic GVHD, relapse free survival, in which events include systemic therapy-requiring cGVHD, relapse, or death
Statistical Design:

Quantitative baseline variables (patient, donor and transplant characteristics) will be described as median, interquartile range, minimum and maximum. Qualitative baseline variables will be describe as number and percentage. To compare quantitative variables between groups (Haplo-PTCy and Haplo αβ/CD19+depleted), Wilcoxon rank sum test will be used. To compare qualitative variables between groups, Chi square test or Fisher exact test will be used.

OS, LFS and GRFS will be estimated using the Kaplan-Meier method. Cumulative incidence function will be used to estimate all outcomes with competing events including RI, NRM, aGVHD and cGVHD. 
Multivariable analyses will be performed as cox-cause specific model. Known predictors of outcomes, imbalance baseline factors between groups and baseline variables with univariate impact on outcomes will be included in multivariable analysis for adjustment with respect to a correct number of included variables.

All tests are 2-sided. The type I error rate is fixed at 0.05. Statistical analyses will be performed with R 4.0.2 (R Core Team (2020)).

Ethical review
Based on EBMT Guidelines for Conduct of Studies using the EBMT Database, ethical approval is generally not necessary but according to each local rule, ethical approval may be needed. Centers should be aware that they may have to apply for ethical approval under their own rules.

Publication rules
EBMT rules of publication will be applicable, with first author being the principal investigator and final author being PDWP Chair, unless otherwise delegated, and other WP Chairs, statistical and data management support and steering committee featuring as appropriate in the authorship. The order of the authors will otherwise be discussed according to their contribution to the manuscript and the number of cases included in the study. All centers will be included in an appendix, with authorship offered to contributors from centres with a high level of contribution (defined as greater than 5% of the final dataset) and not associated with listed investigators. 

Upon approval of the proposal by the WP the timeline has to be followed. If timelines exceed substantial and reflect a lack of activity towards the goal of a timely completion of the project, the WP chair reserves the right to reassign the project to a different investigator, primarily within the group of designated collaborators. 
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