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Abstract

To define the tolerability and outcome of allogeneic hematopoietic stem cell transplant (allo-
HSCT) following CAR T cell therapy, we retrospectively reviewed pediatric/young adult patients
with relapsed/refractory B-ALL who underwent this treatment. Fifteen patients (median age 13
years; range 1-20 years) with a median potential follow up of 39 months demonstrated 24-month
cumulative incidence of relapse, cumulative incidence of TRM, and OS of 16% (95% ClI: 0-37%),
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20% (95% CI: 0-40%), and 80% (95% CI: 60-100%), respectively. Severe toxicity following
CAR T cells did not impact OS (p=0.27) while greater time from CAR T cells to allo-HSCT (>80
days) was associated with a decrease in OS. In comparing CD34-selected T cell depleted (TCD;
n=9) versus unmodified (n=6) allo-HSCT, the cumulative incidence of relapse, TRM, and OS at
24-months was 22% (95% CI: 0-49%) vs 0% (p=0.14), 0% vs. 50% [95% CI: 10-90%] (p = 0.02)
and 100% vs. 50% [95% CI: 10-90%] (p=0.02). In this small cohort of patients, CAR T cells
followed by a CD34-selected TCD allo-HSCT appears to result in less TRM and favorable OS
when compared to unmodified allo-HSCT. There was no evidence that disease control was
impacted by the type of consolidative allo-HSCT, which demonstrates the feasibility of this
approach.

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common malignancy occurring in children,
and survival with risk-stratified therapy for B-cell ALL (B-ALL) approaches =90%.1-3
However, for pediatric/young adult patients with relapsed or refractory (R/R) disease the
prognosis remains dismal.*-8 Traditionally patients with R/R disease have required
allogeneic hematopoietic stem cell transplantation (allo-HSCT) for cure. The necessity of
achieving minimal residual disease negative complete response (MRD-negative/CR) prior to
allo-HSCT has precluded a large number of patients with R/R B-ALL from undergoing allo-
HSCT.”-9 Several groups initiated investigation of CD19-specific CAR T cells as a potential
therapeutic option for patients with R/R B-ALL.10-17 This led to the approval by the Food
and Drug Administration of CD19-specific CAR T cells for R/R B-ALL in patients <26
years old.19-16 Despite this success, the incidence of relapse following treatment with CAR
T cells in all patients with R/R B-ALL is unknown and has been reported to exceed 50% in
some series, demonstrating a need to improve therapy.11-13. 16

The tolerability and outcome of allo-HSCT following CAR T cell therapy in pediatric/young
adult patients is undefined and the use of allo-HSCT as consolidative therapy may reduce
the incidence of disease relapse and improve overall survival (OS). Reported outcomes for
adult B-ALL patients (age 26—74 years) who underwent allo-HSCT following CAR T cell
therapy failed to demonstrate superior results as compared to patients who received CAR T
cells alone.16 Additionally, in a cohort of adult patients with B-ALL, longer duration
between CAR T cell therapy and allo-HSCT (=80 days) was associated with higher risk of
death and non-relapse mortality.18 Herein we report the results of a cohort of pediatric and
young adult patients with B-ALL who received CAR T cells followed by allo-HSCT and
describe that allo-HSCT as consolidative therapy following CAR T cells is well tolerated
and CD34-selected T cell depleted (TCD) allo-HSCT has a low incidence of toxicity.

SUBJECTS AND METHODS
Study Design

We conducted a retrospective analysis of pediatric and young adult patients with B-ALL
who received CAR T cells followed by an allo-HSCT. Patients received CAR T cells on an
investigator-initiated protocol NCT01860937 or experimental CAR T cells at referring
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institutions. Allo-HSCT occurred at both our institution and five collaborating institutions.
Only patients who achieved MRD-negative/CR proceeded to allo-HSCT based on treating
physician preference and institutional guidelines. Timing, preperative regimen, and graft
manipulation of allo-HSCT were determined by the treating physician. Data was captured as
part of an IRB approved protocol (NCT01860937) or retrospective waiver for research.
Informed consent was obtained from all subjects taking part in the IRB approved protocol
(NCT01860937).

Outcomes of Interest

The main outcomes of interest were OS, transplant-related mortality (TRM), and relapse.
Other outcomes of interest were neutrophil engraftment, platelet engraftment, occurrence of
graft vs host disease (GVHD), occurrence of veno-occlusive disease (VOD), CD19-positive
B cell recovery and donor chimerism. Relapse was defined as any (medullary or
extramedullary) evidence of hematologic, cytogenetic, and/or molecular recurrence of
primary disease. Late relapse was defined as relapse =12 months after allo-HSCT.
Neutrophil engraftment was defined as the first of 3 consecutive days of an absolute
neutrophil count >0.5 x10%/L. Platelet engraftment was defined as a platelet count of >20
x109/L for 7 days without transfusion. GVHD was diagnosed and scored based on the
Center for International Blood and Marrow Transplant Research criteria for acute GVHD
(aGVHD)? and National Institute of Health consensus criteria for chronic GVHD
(cGVHD).20 VOD was defined according to the modified Seattle criteria.?! Regimen-related
toxicities were graded according to the standard National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0. CD19-positive B cell
recovery was defined as any detectable CD19-positive B cells (>0 cell/mcL) on a peripheral
blood lymphocyte flow cytometry panel. Chimerism was obtained on bone marrow samples
(bulk population short tandem repeat (STR) analysis) and peripheral blood (American Red
Cross (ARC), lineage specific donor chimerism) and was considered all donor if =295%
donor chimerism was reported in the bulk population (bone marrow sample) or 100% was
reported in the myeloid population (peripheral blood sample).

Statistical Analysis

For all analyses, transplantation date was considered time 0, with a data cutoff of Nov 1,
2019. The median potential follow-up was calculated using the reverse Kaplan-Meier
method. OS was defined as the time from transplant to death from all causes. Patients alive
were censored at their last follow-up date. Time-to-relapse was defined as the time from the
date of transplantation to the date of disease relapse. Patients alive without disease relapse
were censored at their date of last follow-up and deaths without disease relapse were
considered as competing events. Finally, TRM is defined as the time from transplant to death
related to transplant. Kaplan-Meier analysis was used to estimate OS while an Aalen-
Johansen estimator was used for the cumulative incidence of relapse and TRM. A
comparative analysis was performed between CD34-selected TCD versus unmodified allo-
HSCT on fifteen patients. Differences in survival endpoints between groups was tested using
a log-rank test or Gray’s test for cumulative incidences.
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Between February 3, 2014 and June 8, 2018 fifteen pediatric/young adult patients with R/R
B-ALL were treated with CAR T cells followed by an allo-HSCT. All fifteen patients
received CD19-specific CAR T cells including fourteen who received 19-28z CAR T cell
(NCTO01860937) and one patient who received 19-BBz CAR T cells (NCT03792633).
Baseline characteristics and toxicity following CAR T cell therapy are shown in Table 1.

All patients received lymphodepleting chemotherapy prior to CAR T cell therapy including:
cyclophosphamide (3000 mg/m?) and fludarabine (75 mg/m?2) (n=5), cyclophosphamide
(500 mg/m?) and fludarabine (120 mg/m?2) (n=1), cyclophosphamide (3000 mg/m?) alone
(n=8), and cyclophosphamide (750 mg/m?) alone (n=1). Lymphodepleting chemotherapy
regimens were determined based on CAR specific protocol guidelines and have been
previously described.® Cytokine release syndrome (CRS) and severe CRS were observed in
87% (13/15 patients) and 13% (2/15 patients) respectively. Immune effector cell-associated
neurotoxicity syndrome (ICANS) and severe ICANS were observed in 87% (13/15 patients)
and 27% (4/15 patients). Severe toxicity (grade 3/4 CRS or ICANS) following CAR T cell
therapy occurred in 27% (4/15 patients). Eleven patients underwent allo-HSCT at MSKCC
and four were transplanted in one of the four referring institutions after receiving CAR T
cells.

The median age at time of allo-HSCT was 13 years (range 1-20 years). All patients achieved
MRD-negative/CR confirmed by flow cytometry following CAR T cells and prior to allo-
HSCT. The median time from last MRD testing prior to the start of conditioning was 14
days (range 6-53). The median time from CAR T cell infusion to allo-HSCT was 57 days
(range 30 —135). Median time from CAR T cell infusion to allo-HSCT in patients with
severe toxicity (n=4) vs without severe toxicity (n=11) was 56 days (range 39-65) vs 57
days (range 30-135) respectively (p=0.56). Two patients had prior allo-HSCT before CAR T
cell therapy and subsequently underwent a second allo-HSCT at 24 (CD34-selected TCD
cohort) and 39 months (unmodified cohort) from the first allo-HSCT. Conditioning regimens
and allo-HSCT graft source/manipulation was determined by each transplant center.
Conditioning regimens were myeloablative (total body irradiation (TBI)-based n=12 or
chemotherapy only n=3). Individual characteristics for each patient are listed in Table 2.

The median potential follow-up after allo-HSCT was 39 months (range 1-48 months). The
median CD34* dose was 6.9 x106/kg (range 1.98-11.9 x 106/kg; n=15) and the median
CD3* dose was 4.7 x103/kg (range 0.36-37,590 x10%/kg; n=14). All fifteen patients
achieved neutrophil engraftment and thirteen achieved platelet engraftment. The median
time to neutrophil engraftment was 13 days (range 9-29). The median time to platelet
engraftment was 30 days (range 16-265).

TRM and Overall Survival

Post transplantation outcomes for all patients are shown in Table 3. The cumulative
incidence of TRM for the entire cohort at 12 months and 24 months was 13% (95% ClI: 0-
31%) and 20% (95% CI: 0-40%) respectively (Figure 1A). Three patients in the unmodified

Bone Marrow Transplant. Author manuscript; available in PMC 2020 November 10.


https://clinicaltrials.gov/ct2/show/NCT01860937
https://clinicaltrials.gov/ct2/show/NCT03792633

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fabrizio et al.

Relapse

Page 5

cohort died due to TRM, including veno-occlusive disease (multi-organ failure/infection)
(n=2) and GVHD (n=1). The cumulative incidence of TRM for the unmodified cohort (n=6)
at 12-months and 24-months was 33% (95% CI: 0-71%) and 50% (95% CI: 10-90%)
respectively, while TRM was absent in the CD34-selected TCD cohort (n=9) (p=0.02)
(Figure 1B). OS at 12-months and 24-months for the entire cohort was 87% (95% CI: 69—
100%) and 80% (95% CI: 60-100%) respectively (Figure 2A), with a median potential
follow-up of 39 months. Three patients (unmodified cohort only) died during follow up and
the 12-month and 24-month OS probabilities for the unmodified and CD34-selected TCD
allo-HSCT cohorts were 67% (95% Cl: 29-100%) and 50% (95% CI: 10-90%) vs 100%
respectively (p=0.02, Figure 2B). The 12-month and 24-month OS in patients who
underwent allo-HSCT >80 days vs <80 days after receiving CAR T cell therapy was 67%
(95% ClI: 13-100%) and 33% (95% CI: 0-87%) vs 92% (95% CI: 76-100%) and 92% (95%
Cl: 76-100%) respectively (Figure 3). Peripheral blood counts prior to allo-HSCT between
these two groups are noted in supplementary table 1. The 12-month and 24-month OS in
patients with severe toxicity following CAR T cells (grade 3 or 4 CRS or ICANS) vs
without severe toxicity was 100%vs 82% (95% CI: 59-100%) and 73% (95% CI: 46—-99%)
respectively (p=0.27).

A total of three patients relapsed following consolidative allo-HSCT, all in the CD34-
selected cohort. One patient experienced an antigen negative relapse (CD19-negative n=1)
following targeting of that antigen by CAR T cells. The 12-month and 24-month cumulative
incidence of relapse for the entire cohort was 0% and 16% (95% CIl: 0-37%) respectively. In
the comparative analysis, 24-month cumulative incidence of relapse was 22% (95% CI: 0—
49%) in the CD34-selected TCD allo-HSCT cohort (n=9), versus 0% in the unmodified allo-
HSCT (n=6; p=0.14) respectively.

All three of the patients in the CD34-selected TCD cohort who relapsed experienced late
relapse (range 16.1-24.4 months). All three patients with relapsed disease were successfully
re-treated with subsequent CAR T cell therapy (CD19-specific n=2; CD22-specific n=1)
(Supplementary Table 2). The time from allo-HSCT to leukapheresis ranged from 16.4 to
41.5 months and the time from relapse to infusion of second CAR T cell product ranged
from 2.4 to 3.4 months. All three patients achieved MRD-negative/CR following CAR T cell
infusion and remain alive without disease. Follow up since second CAR T cell infusion
ranges between 1.3 and 16.6 months.

GVHD and Organ Toxicity

aGVHD occurred in 33% (5/15) of patients after allo-HSCT including two patients in the
CD34-selected TCD cohort and 3 patients in the unmodified cohort (Table 2). cGVHD was
seen in 27% (4/15) of patients after allo-HSCT including two patients in the CD34-selected
TCD cohort and two patients in the unmodified graft cohorts (Table 2). Donor lymphocyte
infusion for persistent adenovirus infection contributed to cGVHD for one patient (CD34-
selected TCD cohort). Death from cGVHD (TRM) was seen in one patient with skin
cGVHD and a late flair of GI cGVHD (unmodified cohort).
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VVOD did not occur in the CD34-selected cohort, while two patients developed VVOD in the
unmodified cohort. These patients with VOD ultimately died secondary to VOD and related
complications, including one patient with a history of prior allo-HSCT. No post-transplant
lymphoproliferative disease was seen in either cohort. No death secondary to infections
occurred and pattern of infection was typical for this patient population (Table 3).

B cell Reconstitution and Donor Chimerism

Lymphocyte subset flow cytometry panel data for CD19-positive B cell recovery and
chimerism data was available for eleven patients, nine in the CD34-selected cohort and two
in the unmodified cohort. All measured patients had evidence of CD19-positive B cell
recovery with a median time of 56 days (range 36-117 days). IVVIG replacement was not
standardized across the cohort, however twelve patients, nine in the CD34-selected cohort
and three in the unmodified cohort, received IVIG replacement following allo-HSCT.

Chimerism data were available for eleven patients (CD34-selected cohort, n=9; unmodified
cohort n=2). Bone marrow donor chimerism (median sample number 4, range 2-17))
demonstrated complete donor chimerism in 82% (9/11) of patients with median time of 51.5
days (19-158 days). Peripheral blood lineage specific donor chimerism (median number of
samples 5, range 1-11) was obtained for the same eleven patients. Complete myeloid
chimerism was achieved in 91% (10/11) of patients with a median time of 109.5 days (range
44-221 days). One patient (CD34-selected TCD cohort) who received a chemotherapy only
conditioning regimen failed to achieve full donor chimerism (both BM/PB samples) and
another patient (CD34-selected TCD cohort) is doing well with mostly host chimerism (both
BM/PB samples) after losing his myeloid chimerism.

DISCUSSION

Allo-HSCT is the standard of care for patients with R/R B-ALL who achieve MRD-negative
remission.?2-26 The use of CAR T cells in R/R B-ALL has enabled chemotherapy refractory
patients to achieve MRD-neg/CR however, the durability of this response is untested.
Management of pediatric/young adult patients post CAR T cell therapy and the role of allo-
HSCT as consolidative therapy is yet to be defined. This is in part due to the paucity of data
on the tolerability and outcomes of patients who undergo allo-HSCT following CAR T cells.
Our institution commonly offers allo-HSCT with particular focus on donor options and
disease response after CAR T cell therapy (Figure 4). This report presents the outcomes of a
cohort of patients who received CAR T cells followed by allo-HSCT and demonstrates the
feasibility of this approach. In this small cohort of patients it appears that CD34-selected T
cell depleted (TCD) allo-HSCT as compared to unmodified allo-HSCT is well tolerated with
a low incidence of toxicity and favorable OS.

The toxicities following allo-HSCT (VOD, organ dysfunction, GVHD) and CAR T cell
therapy (CRS, ICANS, HLH) have been well described.11: 13 15. 16, 19, 20, 27, 28 ggyere
toxicity following CAR T cell toxicity did not impact the timing of allo-HSCT in this cohort.
Timing from CAR T cell therapy to allo-HSCT does appear to impact OS in this cohort
(Figure 3), however the number of patients who received an allo-HSCT >80 days (n=3) is
too small to discern statistical significance. This finding is consistent with a previous
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findings in a cohort of adult patients with worse outcomes if allo-HSCT was >80 days from
CAR T cell therapy.18 The mechanism as to why a delay in allo-HSCT impacts OS remains
speculative, however any delay was not related to the severity of CAR T cell toxicity in this
cohort. Of note, the toxicity profile for the majority of patients included in this cohort has
been previously reported and while not impacting the timing or outcome of allo-HSCT, the
incidence of ICANS is different from the commercially approved CAR T cell product
(Tisagenlecleucel).15 Prospective studies are needed to define the optimal the time between
allo-HSCT and CAR T cell therapy but in cases where allo-HSCT is certain there should be
minimal delay.

Overall survival for the entire cohort and particularly the CD34-selected TCD cohort was
favorable. This included three patients in the CD34-TCD cohort that experienced a late
relapse and achieved MRD-negative CR following a second CAR T cell infusion. The ability
to salvage patients with re-collection (sufficient circulating lymphocytes) and use of a
different CAR T cell product demonstrates that re-treatment with immunotherapies can
provide benefit for select patients. TRM was notably absent in the CD34-seleted TCD cohort
following CAR T cells whereas TRM complications (VOD and GVHD) impacted survival in
the unmadified cohort. Improved tolerability in the CD34-selected cohort would be futile if
disease control was not equivalent.

To this point, this limited cohort demonstrates no increased risk of relapse using a TCD graft
compared to an unmodified graft despite the concern of the elimination of graft vs leukemia
in a TCD graft.2%-32 Additionally, Shalabi et al. have previously reported CAR T cell
therapy as an effective bridge to allo-HSCT with a low incidence of relapse.33 Not included
in this analysis are the consequences of any financial toxicity novel immunotherapies will
have within our healthcare system.34 Regardless, a significant proportion of patients will
experience disease relapse following CAR T cells therapy which requires further
investigation to improve consolidative therapy and durability of response 11-13. 16,

In summary, CAR T cells, when followed by allo-HSCT, appears to be a tolerable option
with favorable OS for patients. This retrospective study represents a heterogeneous group of
patients with diverse transplant conditioning regimens and graft source/manipulation. This
data suggests further research incorporating CAR T cell persistence, timing of allo-HSCT,
ongoing post CAR T cell toxicity, likelihood of antigen negative disease escape, and donor
transplant specific factors including graft manipulation is required to determine the optimal
strategy for these patients. Once these questions are answered, a prospective study is needed
to determine if consolidation with allo-HSCT should be the standard of care after CAR T
cell therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Cumulative incidence of treatment-related mortality in entire cohort and (B) cumulative

incidence of treatment-related mortality in CD34-selected TCD allo-HSCT cohort and
unmodified cohort (p=0.02).
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Figure 2.

(A) Overall survival of entire cohort and (B) overall survival of CD34-selected TCD allo-
HSCT cohort and unmodified cohort (p=0.02).
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Figure 3.
Overall survival of patients who went to allo-HSCT less than 80 days from CAR T cell

therapy compared to patients who went to allo-HSCT >80 days from CAR T cell therapy.
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R/R B-ALL CAR + allo-HSCT Algorithm

‘ CART cell Therapy |

|

‘ Minimal Residual Disease (MRD) Negative/Complete Remission* |

l |

Allo-HSCT Naive ‘ Prior allo-HSCT** ‘
* Recoveredfrom CAR Toxicity
* Organ Function Acceptable for allo-HSCT

Matched Donor

w/o Matched
(related or URD)

Donor***

Observation
*  Monthly CBC
¢ Monthly PBfor B cell aplasia****
¢ NGSfordisease evaluation

Proceedto allo-HSCT

Alternative Donor allo-HSCT

e TCD

* Haploidentical/PT-CY

e UCBT
R/R B-ALL, relapsed/refractory B acute lymphoblastic leukemia; CAR, chimeric antigen receptor; allo-HSCT, allogeneic h ietic stem cell transpl. 1; URD, unrelated donor;
PB, peripheral blood; NGS, next generation sequencing; TCD, T cell d; PT-CY, post I cyclophosphamide; UCBT umbilical cord blood transplant
*As standard of care, patients with evid of di after CAR T cell therapy are not taken to allo-HSCT. These patients are only considered for allo-HSCT if there is a therapeutic

intervention on a clinical trial that may benefit the patient.

**Patients with a history of prior allo-HSCT could be eligible for a second allo-HSCT if they did not receive total body |rrad|at|on (TBI) with first allo-HSCT, are greater than 12 months

since first allo-HSCT and were MRD positive at initial allo-HSCT and have now achieved MRD tive/C

***Decision to proceed to allo-HSCT using an alternative donor is multifactorial and includes likelihood of CAR T cell perS|stence, likelihood of relapse (including antigen-negative escape),
patient/caregiver input, and patient co-morbidities.

**** If B-cell recovery before 6 months from CAR T cell therapy, proceed with allo-HSCT if MRD neg/CR obtained.

Figure 4.
MSKCC institutional post-CAR T cell therapy treatment algorithm
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Table 1:
Characteristics all Entire Cohort, CD34-Selected TCD Cohort, and Unmodified Cohort
CAR +HSCT CAR + CD34- CAR + Unmodified p-value®
Entire Cohort Selected HSCT HSCT Cohort N=6
N=15 Cohort N=9

Median Age (range, years) 13 (1-20) 13 (1-20) 12.5 (4-20) 0.81
Median timefrom CAR T cell therapy to 57 (30-135) 46 (30-135) 65 (55-95) 0.09
allo-HSCT (range, days)
Lymphodepleting regimen preCAR T cell >0.99
therapy 6 4 2
Cyclophosphamide/Fludarabine 9 5 4
Cyclophosphamide
CRSgrade >0.99
0 2 2 0 (0/1/2
1 6 4 2 vs 3/4)
2 5 2 3
3 1 0 1
4 1 1 0
ICANSgrade >0.99
0 2 2 0 (0/1/2
1 4 2 2 vs 3/4)
2 5 3 2
3 3 1 2
4 1 1 0
Disease Status 0.29
CR1 6 5 1 (CR1vs
CR2 5 2 3 >CR2)
CR3 3 2 1
CR4 1 0 1
Conditioning Regimen >0.99
TBI-based 12 7 5

1500 cGy 8 7 1

1200-1440 cGy 3 0 3

unknown 1 0 1
Chemotherapy only 3 2 1

clo/mel/thio ™™ 2 2 0

flu/mel/thio ™ ! 0 !
HLA
Matched 10 6 4 >0.99
Mismatched 5 3 2 0.61
Related 8 4 4
Unrelated 7 5 2
Graft Source nla
BM 7 1 6
PBSC 8 8 0
GVHD prophylaxis WES
CD34+ selected 9 9 0
CNI plus MTX 4 0 4
CNI plus MMF 1 0 1
Post HSCT Cyclophosphamide 1 0 1

CAR, chimeric antigen receptor; HSCT, hematopoietic stem cell transplantation; CRS, cytokine release syndrome; ICANS, immune effector cell-
associated neurotoxicity syndrome; CR, complete remission; TBI, total body irradiation; BM, bone marrow; PBSC, peripheral blood stem cell;

GVHD, graft-vs-host disease; CNI, calcineurin inhibitor; MTX, methotrexate; n/a, not applicable for statistical analysis because graft source and
GVHD prophylaxis is dependent on the graft manipulation cohort.

*
p-values from Mann-Whitney-Wilcoxon rank test or Fisher’s exact test.

Hk
clofarabine (150 mg/mz), melphalan (140 mg/mz), and thiotepa (10mg/kg).

*:

Ak
fludarabine (120 mg/mz), melphalan (140 mg/mz), and thiotepa (10 mg/kg).
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Post Transplantation Outcomes of Entire Cohort, CD34-selected Cohort, and Unmodified Cohort

CAR + HSCT Entire Cohort

CAR + CD34-Selected HSCT
Cohort N=9

CAR + Unmodified HSCT Cohort

Relapse

3

3

0

TRM

3

0

3

GVHD
Acute
Chronic

o

NN

N W

Viral Infections
Adenovirus
CMV

BK

EBV

HHV-6
Toxoplasmosis

PNRPAAD

RPORPNWW

ONONRFEF

Bacterial Infections
CONS

Klebsiella

C. Difficile

FNENYEN

AN

oo

Death
VOD/MSOF
GVHD

=N

oo

=N

CAR, chimeric antigen receptor; HSCT, hematopoietic stem cell transplantation; TRM, transplant-related mortality; GVHD, graft-vs-host disease;
CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV-6, human herpesvirus 6; CONS, coagulase negative staphylococci; VOD, veno-occlusive
disease; MSOF, multi-system organ failure.
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