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Abstract 
 
Allogeneic hematopoietic cell transplantation (alloHCT) can potentially salvage large B-cell lymphoma (LBCL) patients ex-
periencing treatment failure after chimeric antigen receptor T-cell therapy (CAR T). Nonetheless, data on the efficacy and 
toxicities of alloHCT after receipt of CAR T are limited. We report a multicenter retrospective study assessing the safety, 
toxicities, and outcomes of alloHCT in LBCL patients following CAR T failure. Eighty-eight patients with relapsed, refractory 
LBCL received an alloHCT following anti-CD19 CAR T failure. The median number of lines of therapy between CAR T infusion 
and alloHCT was one (range, 0-7). Low intensity conditioning was used in 77% (n=68) and peripheral blood was the most 
common graft source (86%, n=76). The most common donor types were matched unrelated donor (39%), followed by ha-
ploidentical (30%) and matched related donor (26%). Median follow-up of survivors was 15 months (range, 1-72). One-year 
overall survival, progression-free survival, and graft-versus-host disease-free relapse-free survival were 59%, 45%, and 39% 
respectively. One-year non-relapse mortality and progression/relapse were 22% and 33% respectively. On multivariate analy-
sis, <2 lines of intervening therapy between CAR T and alloHCT and complete response at time of alloHCT were associated 
with better outcomes. In conclusion, alloHCT after CAR T failure can provide durable remissions in a subset of patients. 
 

Introduction 
For patients with relapsed, refractory (R/R) large B-cell 

lymphoma (LBCL), chimeric antigen receptor T-cell (CAR 
T) therapy produces high overall response rates (ORR) 
ranging from 52-83%;1-7 nonetheless, the durable re-
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mission rate is much lower at 30% to 40%.4,5 Outcomes 
for patients with disease progression after CAR T are poor, 
with a median overall survival (OS) from time of progress-
ive disease (PD) of less than 6 months.8,9   
In patients with LBCL who have previously received or are 
ineligible for autologous hematopoietic cell transplanta-
tion (HCT), allogeneic HCT (alloHCT) has curative potential 
in selected patients. The 3-year progression-free survival 
(PFS) following alloHCT in patients with R/R LBCL is re-
ported at 36% to 38% in more recent series.10 Despite this, 
there are limited data on the efficacy and toxicities of al-
loHCT after receipt of CAR T therapy, limited to studies of 
fewer than ten patients.11,12 Therefore, whether patients 
who fail CAR T derive similar benefit with alloHCT and to 
whom to offer this modality to remains unknown. In 
smaller reports, a low proportion of patients make it to 
alloHCT,9,13 which could be a consequence of an inability 
to attain disease control or impaired functional status 
after CAR T failure. Nonetheless, as we continue to expand 
the arsenal of effective novel therapies for R/R LBCL,14-16 
we may be able to better achieve disease control and offer 
alloHCT to a larger proportion of patients. Given these 
knowledge gaps, we conducted a multicenter retrospec-
tive study to evaluate the safety, toxicities, and outcomes 
of alloHCT after CAR T for patients with R/R LBCL.  
The primary objective of this study was to describe the 1-
year OS, PFS, graft-versus-host disease (GvHD)-free re-
lapse-free survival (GRFS), incidence of non-relapse 
mortality (NRM) and progression/relapse in R/R LBCL pa-
tients receiving alloHCT following anti-CD19 CAR T failure. 
The secondary objective was to determine patient-, dis-
ease- and treatment-related factors predicting favorable 
outcomes in these patients. 

Methods 
Study design and participants 
Patients ≥18 years old with R/R LBCL treated with anti-
CD19 CAR T therapy between 2013-2021 that subsequently 
received an alloHCT were included in this retrospective, 
multicenter analysis. Eighteen United States academic 
medical centers participated in this analysis (Online Sup-
plementary Table S1). Patients treated with investigational 
CAR T therapy were included if it targeted the CD19 
antigen. Patients who were in a durable complete re-
sponse (CR) following CAR T therapy, who then received 
an alloHCT either as a consolidation or for indications 
other than R/R LBCL were excluded. Patients with primary 
central nervous system (CNS) lymphoma were excluded. 
Data were collected from the electronic medical record 
of each institution via chart review by individual investi-
gators. Information collected included demographic and 
clinical characteristics, CAR T toxicities and responses, 

post-CAR T treatment regimens, alloHCT treatment de-
tails, neutrophil and platelet recovery, and acute and 
chronic GvHD.  
Cytokine release syndrome (CRS) and immune effector 
cell neurotoxicity syndrome (ICANS) were graded accord-
ing to institutional standards.17-20 Treatment responses 
were assessed by Lugano criteria21 by treating physicians 
at individual institutions without centralized review. Inde-
pendent institutional review board approval was obtained 
at each institution. The study was conducted in accord-
ance with the Declaration of Helsinki. 

Study endpoints 
The co-primary endpoints of this analysis were PFS and 
OS after alloHCT. PFS was defined as the time from trans-
plant to disease progression/relapse or death. OS was de-
fined as the time from transplant to death. Patients 
without PFS/OS events were censored at the time of last 
contact. GRFS events were defined as the first event 
among grade III–IV acute GvHD and aGvHD, moderate/se-
vere chronic GvHD and cGvHD, relapse and death.10 Inci-
dence of NRM was defined as the time from transplant to 
death without progression/relapse. Progression/relapse 
was defined as progressive lymphoma after alloHCT or 
lymphoma recurrence after a CR with NRM considered as 
a competing risk. Surviving patients without 
progression/relapse were censored at the date of last fol-
low-up. 
Neutrophil and platelet recovery, aGvHD and cGvHD were 
graded using established consensus criteria.22-24 For neu-
trophil and platelet recovery, death without the event was 
considered a competing risk. Patients with no nadir were 
not included in the recovery analyses. 

Statistical analysis 
For all time-to-event outcomes patients were followed 
from day 0 of the alloHCT until the event of interest, last 
follow-up, or the administrative truncation time (Online 
Supplementary Table S2). Descriptive summaries were ob-
tained using the Kaplan-Meier method to estimate time-
specific and median event time. In the presence of 
competing risks, the cumulative incidence was estimated 
using the Aalen-Johansen estimator. The effect of covari-
ates on outcomes was assessed using Cox regression for 
survival outcomes, and Fine-Gray regression in the pres-
ence of competing risks. Variables considered in model 
building for Cox model multivariate analysis are listed in 
the Online Supplementary Table S2. Variables significant 
at the 0.2 level in the univariable analysis were included 
in the multivariable model. Continuous variables were as-
sessed with Wilcoxon rank-sum testing and categorical 
values with Fisher’s exact test. Statistical analysis was 
completed in R 4.0.3 and GraphPad Prism 9.3.1. A two-
sided 0.05 significance level was used. 
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Results 
Patient characteristics 
Ninety-four patients with R/R LBCL received an alloHCT 
following anti-CD19 CAR T. Six of these 94 patients re-
ceived an alloHCT while in a durable CR following anti-

CD19 CAR T and were excluded. We report findings on the 
remaining 88 patients with anti-CD19 CAR T failure. 
Demographic and clinical characteristics are described in 
Table 1. Median age at time of alloHCT was 54 years (range, 
19-72). Most patients were male (n=63, 72%), White (n=58, 
66%) and had de novo diffuse large B-cell lymphoma 

Table 1. Demographic and clinical 
characteristics of patients with large 
B-cell lymphoma receiving allogeneic 
transplantation after CAR T therapy.

CHARACTERISTIC N (%)

Median follow-up, months (range) 15 (1-72)

Age in years (range) 54 (19-72)

Male sex 63 (72)

Race 
White 
Hispanic 
Black 
Asian 
American Indian or Alaska Native

 
58 (66) 
18 (20) 
6 (6.8) 
5 (5.7) 
1 (1.1)

Histologic type 
De novo DLBCL 
Transformed indolent lymphoma1 
PMBL 
High grade B-cell lymphoma, NOS

 
52 (59) 
23 (26) 
8 (9.1) 
5 (5.7)

Cell of origin2 
Non-GCB

32 (42)

Double/triple hit3 9 (12)

N lines of therapy prior to CAR T (range) 3 (1-7)

Best response to CAR T 
CR 
PR 
SD/PD

 
31 (35) 
32 (36) 
25 (29)

Time to relapse post-CAR T, days N (range)4 92 (7-527)

N lines of therapy between CAR T and alloHCT (range) 1 (0-7)

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
45 (51) 
22 (25) 
21 (24)

Ann Arbor stage at time of CAR T progression/relapse5 
1 
2 
3/4

 
26 (31) 
9 (11) 

48 (58)

Extranodal disease at time of CAR-T progression/relapse 49 (58)

Days N between CAR T infusion and day 0 of alloHCT (range) 255 (63-753)

Conditioning regimen intensity 
MAC

 
20 (23)

Graft source 
Peripheral blood 
Bone marrow 
Cord

 
76 (86) 
10 (11) 
2 (2)

Donor type 
MUD 
Haploidentical 
MRD 
MMUD 
Cord

 
34 (39) 
26 (30) 
23 (26) 
3 (3) 
2 (2)

GvHD prophylaxis 
CNI+MTX 
TAC/MMF/PTCY 
Other

 
22 (25) 
43 (49) 
23 (26)

Histologic subtype, fluorescence in situ 
hybridization (FISH) studies, immunohis-
tochemistry (IHC), and cell of origin (ger-
minal center B-cell-like [GCB] and 
non-GCB) were assessed at diagnosis. 
Disease stage and extranodal involvement 
were determined at time of CAR T pro-
gression/relapse. 1Transformed indolent 
lymphoma category included one patient 
with Richter transformation of chronic 
lymphocytic leukemia/small lymphocytic 
lymphoma. 2Missing/not applicable: 11 pa-
tients. 3Unknown: 14 patients. 4Unknown: 
8 patients. 5Missing: 5 patients. AlloHCT: 
allogeneic hematopoietic cell transplan-
tation; CAR T: chimeric antigen receptor T 
cell; CNI: calcineurin inhibitor; CR: com-
plete response; DLBCL: diffuse large B-
cell lymphoma; GCB: germinal center 
B-cell like; HCT: hematopoietic cell trans-
plant; MAC: myeloablative conditioning; 
MMF: mycophenolate mofetil; MMUD: 
mismatched unrelated donor; MRD: 
matched related donor; MTX: methotre-
xate; MUD: matched unrelated donor; 
NMA/RIC: non-myeloablative/reduced in-
tensity conditioning; N: number; NOS: not 
otherwise specified; PD: progressive dis-
ease; PMBL: primary mediastinal B-cell 
lymphoma; PR: partial response; PTCY: 
post-transplant cyclophosphamide; SD: 
stable disease; TAC: tacrolimus. GvHD: 
graft-versus-host disease
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(n=52, 59%). Twenty-two patients (25%) had an autologous 
HCT prior to CAR T. The most common CAR T construct re-
ceived was axicabtagene ciloleucel (n=59, 67%) followed by 
investigational anti-CD19 CAR T-cells (n=14, 16%), lisocab-
tagene maraleucel (n=11, 12%) and tisagenlecleucel (n=4, 
5%). Following CAR T, rates of grade ≥III CRS were 2% (n=2) 
and grade ≥III ICANS were 17% (n=15). Best response to CAR 
T was CR in 35% (n=31), PR in 36% (n=32), and SD/PD in 28% 
(n=25). Median time between CAR T and alloHCT was 255 
days (range, 63-753). The median number of lines of therapy 
between CAR T infusion and alloHCT was 1 (range, 0-7). Dis-
ease status at time of alloHCT was CR in 51% (n=45), PR in 
25% (n=22) and SD/PD in 24% (n=21) of patients. RIC/NMA 
conditioning regimens were used in 77% (n=68) and periph-
eral blood was the most common graft source (86%, n=76). 
The most common donor types were matched unrelated 
donor (MUD) (39%), followed by haploidentical (30%) and 
MRD (26%). The most common GvHD prophylaxis regimen 

was tacrolimus + mycophenolate mofetil + post-transplant 
cyclophosphamide (49%) followed by a calcineurin inhibitor 
+ methotrexate (25%). Median follow-up of survivors was 15 
months (range, 1-72).  

Therapies given between CAR T infusion and allogeneic 
hematopoietic cell transplantation 
The most common first-line treatment regimens (n=79) 
given as salvage following CAR T failure were: chemother-
apy (n=14, 18%), polatuzumab-based (n=14, 18%; n=13 re-
ceived polatuzumab + bendamustine + rituximab), 
radiation (n=10, 13%), checkpoint inhibitors (n=9, 11%) and 
CAR T/NK-cell therapy (n=8, 10%). Nine patients received 
no therapy for their active lymphoma between CAR T and 
alloHCT. The therapeutic procedure for all patients be-
tween CAR T and alloHCT is depicted in Figure 1. The most 
common regimens given across all lines between CAR T 
and alloHCT (n=142 treatment regimens) were chemother-

Figure 1. Flow chart depicting intervening lines of therapy between CAR T-cell therapy and allogeneic hematopoietic cell trans-
plantation. Ab: antibody; alloHCT: allogeneic hematopoietic cell transplantation; CAR T: chimeric antigen receptor T-cell therapy; 
CR: complete remission; len: lenalidomide; n: number; NK: natural killer cell; ORR: overall response rate; PD-1: programmed cell 
death protein 1.
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apy-based (n=31), polatuzumab-based (n=28), and radiation 
(n=18) (Online Supplementary Table S3). Polatuzumab-
based regimens and chemotherapy-based regimens were 
the most common regimens to led to a CR prior to alloHCT 
across multiple lines (n=19 [42%] and n=10 [22%] respect-
ively; Online Supplementary Table S4). The ORR across 
multiple lines between CAR T and alloHCT for chemother-
apy was 60% (33% CR; n=31) and for polatuzumab + ben-
damustine + rituximab was 91% (71% CR; n=23).  

Engraftment and graft-versus-host disease 
Median time to neutrophil recovery was 16 days (interquar-
tile range [IQR], 12-18) and median time to platelet recovery 
was 18 days (IQR, 11-25) (Online Supplementary Figure S1). 
Cumulative incidence of neutrophil recovery was 94% at 28 
days (95% confidence interval [CI]: 89-99). Cumulative inci-
dence of platelet recovery at 100 days was 89% (95% CI: 
83-96). There was one patient with primary graft failure.  
The cumulative incidence of grade II-IV and III-IV aGvHD 
were 34% (95% CI: 25-45) and 10% (95% CI: 5.6-19) at 100 

days. The cumulative incidence of mild, moderate, and se-
vere cGvHD at 1-year was 16% (95% CI: 9.8-28), 7.8% (95% 
CI: 3.6-17), and 3.8% (95% CI: 1.3-12) respectively. The 
cumulative incidence of grade II-IV aGvHD at 100 days was 
31% (95% CI: 20-49) for patients who received PTCy-based 
prophylaxis versus 36% (95% CI: 24-53) for patients who 
did not receive PTCy (Online Supplementary Figure S2). 
The cumulative incidence of cGvHD at 1-year was 37% 
(95% CI: 24-57) for patients receiving PTCy-based prophy-
laxis versus 24% (95% CI: 14-41) for those who did not (On-
line Supplementary Figure S2).  
Twenty-three patients (26%) received a PD-1 inhibitor be-
tween CAR T and alloHCT across multiple lines with last 
dose of the PD-1 inhibitor a median of 167 days (range, 56-
527) before alloHCT. Seventeen of these patients (74%) re-
ceived post-transplant cyclophosphamide (PTCy) as part 
of their GvHD prophylaxis. There was no significant differ-
ence in the incidence of grade II-IV aGvHD and cGvHD 
whether patients received an PD-1 inhibitor between CAR-
T and alloHCT (Online Supplementary Table S5). 

Figure 2. Survival outcomes, progression/relapse and non-relapse mortality in patients who underwent allogeneic hematopoietic 
cell transplantation after CAR T. (A) Overall survival, all patients. (B) Progression-free survival, all patients. (C) Graft-versus-host 
disease free, relapse-free survival (GRFS), all patients. (D) Non-relapse mortality and relapse/progression, all patients. AlloHCT: 
allogeneic hematopoietic cell transplantation.

A B

C D
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Allogeneic hematopoietic cell transplantation outcomes 
Median OS was 21 months (95% CI: 12 months – not 
reached [NR]), and 1-year OS was 59% (95% CI: 49-72) for 
all patients (Figure 2A). Median PFS was 10 months (95% 
CI: 5.1-17), and 1-year PFS was 45% (95% CI: 35-57) (Figure 
2B). Median GRFS was 5.7 months (95% CI: 4.1–12), and 1-
year GRFS was 39% (95% CI: 29-51) (Figure 2C). The inci-
dence of NRM at 1-year was 22% (95% CI: 15-33) (Figure 
2D). The incidence of progression/relapse at 1-year was 
33% (95% CI: 24-45) (Figure 2D).  

Univariable analysis of allogeneic hematopoietic cell 
transplantation outcomes 
On univariable analysis, disease status prior to alloHCT 
was predictive of OS, with patients in CR at time of al-
loHCT experiencing improved OS compared to patients in 
PR or SD/PD (P=0.03; Table 2; Online Supplementary Table 
S6). There were no significant predictors of PFS, NRM, 
GRFS, or progression/relapse on univariate analysis (Table 
2; Online Supplementary Table S6). 

Table 2. Univariate analysis outcomes after allogeneic hematopoietic cell transplantation.1

Overall survival

HR 95% CI P
Race/ethnicity 

White 
Hispanic 
Other

 
— 

2.13 
0.69

 
— 

1.07-4.21 
0.21-2.31

0.068 
 
 

Lines of therapy between CAR T and alloHCT 
0 
1 
2+

 
— 

0.45 
0.94 

 
— 

0.18-1.10 
0.39-2.29 

0.064 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
— 

2.74 
1.56

 
— 

1.32-5.70 
0.70-3.47

0.030 
 
 

Progression-free survival

HR 95% CI P
Lines of therapy between CAR T and alloHCT 

0 
1 
2+

 
— 

0.64 
1.14

 
— 

0.27-1.51 
0.49-2.66

0.16 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
— 

2.08 
1.61

 
— 

1.09-3.95 
0.81-3.19

0.074 
 
 

Non-relapse mortality

HR 95% CI P
Race/ethnicity 

White 
Hispanic 
Other

 
— 

2.20 
0.46

 
— 

0.90-5.35 
0.06-3.37

0.12 
 
 

Lines of therapy between CAR T and alloHCT 
0 
1 
2+

 
— 

1.63 
3.68

 
— 

0.23-11.8 
0.55-24.8

0.12 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
— 

2.39 
0.80

 
— 

0.94-6.05 
0.22-2.92

0.10 
 
 

Conditioning regimen intensity 
MAC 
RIC/NMA

 
— 

0.51

 
— 

0.20-1.28

0.15 
 
 

1Depicted are only variables significant at the 0.2 level in the univariable analysis that were significant in the multivariable model. A list of all 
variables analyzed is included in the Online Supplementary Appendix. AlloHCT: allogeneic hematopoietic cell transplantation; CAR T: chimeric 
antigen receptor T-cell therapy; CI: confidence interval; CR: complete response; HR: hazard ratio; MAC: myeloablative conditioning; MMUD: 
mismatched unrelated donor; MRD: matched related donor; MUD: matched unrelated donor; NMA/RIC: non-myeloablative/reduced intensity 
conditioning; NRM: non-relapse mortality; PD: progressive disease; PR: partial response; SD: stable disease.
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Multivariable analysis of allogeneic hematopoietic cell 
transplantation outcomes 
On multivariable analysis (MVA) (Table 3), predictors of in-
ferior OS included ≥2 lines of therapy between CAR T and 
alloHCT (HR 3.6, 95% CI: 1.00-13.1; P=0.02 vs. 0 lines), dis-
ease status of PR at time of alloHCT (HR 4.32, 95% CI: 
1.61–11.6; P=0.01 vs. CR), and Hispanic ethnicity (HR 3.6, 

95% CI: 1.5-8.5; P=0.01 vs. White). Predictors of inferior PFS 
included disease status of PR at time of alloHCT (HR 2.6, 
95% CI: 1.3-5.4; P=0.03 vs. CR) and ≥2 lines of therapy be-
tween CAR T and alloHCT (HR 3.1, 95% CI: 1.1-8.5; P=0.02 
vs. 0 lines). There were no significant predictors of pro-
gression/relapse or GRFS on MVA. A higher risk of NRM 
was seen with patients who received ≥2 lines of therapy 

Table 3. Multivariate analysis outcomes after allogeneic hematopoietic cell transplantation.1

Overall survival

HR 95% CI P 

Race/ethnicity 
White 
Hispanic 
Other

 
- 

3.58 
0.78

 
- 

1.51–8.52 
0.22–2.80

0.01 
 
 

Lines of therapy between CAR T and alloHCT 
0 
1 
≥2

 
- 

1.12 
3.63

 
- 

0.39–3.23 
1.00–13.1

0.02 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
- 

4.32 
1.85

 
- 

1.61–11.6 
0.73–4.70

0.01 
 
 

Progression-free survival

HR 95% CI P

Lines of therapy between CAR T and alloHCT 
0 
1 
≥2

 
- 

1.34 
3.12

 
- 

0.53–3.42 
1.14–8.53

0.02 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
- 

2.61 
2.05

 
- 

1.27–5.37 
0.99–4.26

0.03 
 
 

Non-relapse mortality

HR 95% CI P

Race/ethnicity 
White 
Hispanic 
Other

 
- 

2.51 
0.32

 
- 

1.04–6.08 
0.04–2.76

0.04 
 
 

Lines of therapy between CAR T and alloHCT 
0 
1 
≥2

 
- 

4.78 
17.0

 
- 

0.59–38.3 
2.23-129

<0.001 
 
 

Disease status prior to alloHCT 
CR 
PR 
SD/PD

 
- 

4.02 
0.87

 
- 

1.63–9.89 
0.22–3.45

0.008 
 
 

Conditioning regimen 
MAC 
RIC/NMA

 
- 

0.25

 
- 

0.10– 0.63

0.004 
 
 

1Variables only included in the table above if P value was significant at the <0.05 level on the multivariate analysis. No variables were significant 
for progression/relapse or graft-versus-host disease-free relapse free survival (GRFS). AlloHCT: allogeneic hematopoietic cell transplantation; 
CR: complete response; MAC: myeloablative conditioning; MRD: matched related donor; MTX: methotrexate; MUD: matched unrelated donor; 
NMA/RIC: non-myeloablative/reduced intensity conditioning; PD: progressive disease; PR: partial response; SD: stable disease.
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between CAR T and alloHCT (HR 17.0, 95% CI: 2.2-12.9; 
P<0.001 vs. 0 lines), those in PR at time of alloHCT (HR 4.0, 
95% CI: 1.6-9.9; P=0.008 vs. CR) and those with Hispanic 
ethnicity (HR 2.51, 95% CI: 1.04-6.08, P=0.04 vs. White). Pa-
tients receiving RIC/NMA conditioning regimens had a 
lower risk of NRM (HR 0.25, 95% CI: 0.10-0.63; P=0.004) 
than those receiving MAC regimens. 

Impact of disease status at time of allogeneic 
hematopoietic cell transplantation  
As noted above, there was a significant association be-
tween disease status at time of alloHCT and the end-
points of PFS, OS, and NRM on MVA. There were no 
significant differences in incidence of progression/relapse 
or GRFS based on disease status. For patients in CR ver-
sus PR versus SD/PD at time of alloHCT, 1-year OS was es-
timated at 67% (95% CI: 54-84) versus 37% (95% CI: 
20-68) versus 64% (95% CI: 45-90) respectively (Figure 
3A), 1-year PFS was estimated at 59% (95% CI :45-76) ver-

sus 25% (95% CI: 11-56) versus 34% (95% CI: 18-64) (Figure 
3B) and 1-year GRFS was estimated at 48% (95% CI: 35-
66) versus 20% (95% CI: 7.8-51) versus 36% (95% CI: 20-
65) (not depicted). For patients in CR versus PR versus 
SD/PD at time of alloHCT, the 1-year incidence of NRM was 
9.0% (95% CI: 3.5-23) versus 28% (95% CI: 14-55) and 9.8% 
(95% CI: 2.6-37) (Figure 3C) and the 1-year incidence of 
progression/relapse was 24% (95% CI: 14-41) versus 36% 
(95% CI: 19-65) versus 51% (95% CI: 33-80) (Figure 3D).  
Demographic and clinical characteristics of patients in CR 
versus PR versus SD/PD at the time of transplant were 
overall similar (Online Supplementary Table S7). However, 
patients with SD/PD at time of alloHCT were significantly 
more likely to received myeloablative conditioning (MAC) 
versus patients in CR/PR (42.9% vs. 16.4%; P=0.02). Pa-
tients in CR versus PR/SD/PD were more likely to have re-
ceived ≥2 lines of therapy between CAR-T and alloHCT 
(53% vs. 30%; P=0.03) (Online Supplementary Table S7). 
Twenty-three percent (n=5) of patients in PR at time of 

Figure 3. Survival outcomes, progression/relapse and non-relapse mortality based on disease status at time of allogeneic hema-
topoietic cell transplantation. (A) Overall survival, by disease status at allogeneic hematopoietic cell transplantation (alloHCT). 
(B) Progression-free survival, by disease status at alloHCT. (C) Non-relapse mortality, by disease status at alloHCT. (D) Progres-
sion/relapse, by disease status at alloHCT. 

A B
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alloHCT and 19% (n=4) of patients with SD/PD at time of 
alloHCT received zero lines of therapy between CART and 
alloHCT (vs. 0% of those in CR at time of alloHCT). 
Survival and outcome curves by lines of therapy are de-
picted in Online Supplementary Figure S3 and survival out-
comes by both disease status and number of lines of 
therapy in Online Supplementary Figures S4 and S5. Pa-
tients who received zero lines of intervening therapy had 
a relatively low incidence of NRM at 1-year (0 lines: 15%, 
95% CI: 2.6-86; 1 line: 14%, 95% CI: 6.9-30%; ≥2 lines: 34%, 
95% CI: 21-56), but a high incidence of progression/re-
lapse at 1-year (0 lines: 56%, 95% CI: 31-100; 1 line: 24%, 
95% CI: 14-42; ≥2 lines: 39%, 95% CI: 25-61) (Online Sup-
plementary Figure S3). Patients in CR at time of alloHCT 
after ≥2 lines of therapy between CAR T and alloHCT had 
markedly better PFS and OS than those in PR or SD/PD 
after ≥2 lines (Online Supplementary Figures S4 and S5).  

Cause of death 
At time of last follow-up, forty patients had died. Causes 
of death in descending order of prevalence included: in-
fection (n=14, 35%), progressive disease (n=12, 30%), re-
spiratory failure (n=4, 10%) GvHD (n=3, 7.5%), hepatic 
sinusoidal obstruction syndrome/venoocclusive disease 
(SOS/VOD) (n=2; 5%), unknown (n=2, 5%), thrombotic 
microangiopathy (n=1, 2.5%), pulmonary embolism (n=1, 
2.5%), and anaphylaxis from a local anesthetic agent (n=1, 
2.5%). Three of the 14 patients who died of infection spe-
cifically died of SARS-CoV-2. 

Discussion 
In our study, alloHCT after CAR T therapy produced dur-
able responses at 1-year with similar safety and out-
comes to what has been observed in both modern and 
historical series of alloHCT for LBCL.10,25-28 Longer follow-
up is needed to evaluate whether these outcomes will be 
durable. Engraftment, incidence of aGvHD at 100 days, 
and cGvHD at 1 year were similar to prior studies of al-
loHCT for LBCL.10,25,26 There were no unexpected or pro-
longed issues with hematopoiesis and no signal of 
increased GvHD or other unexpected complications. 
Predictors of OS, PFS, and NRM on MVA included number 
of lines of therapy between CAR T and alloHCT and dis-
ease status at time of alloHCT. Patients receiving two or 
more lines of therapy between CAR T and alloHCT had 
significantly worse outcomes, particularly if they did not 
achieve a CR prior to alloHCT. The reasons for this are un-
known but could be related to the cumulative toxicities 
of multiple therapies given the incidence of NRM at 1-year 
was higher in this cohort. Moreover, needing multiple 
lines of therapy post-CAR T to achieve a response could 
be reflective of a more treatment resistant disease phe-

notype less likely to achieve durable remission after al-
loHCT.  
Patients not in CR at time of alloHCT also had poorer OS, 
PFS and NRM on MVA. Inferior PFS was primarily driven 
by higher NRM rather than progression/relapse. Similar to 
our findings, disease status prior to alloHCT in patients 
with LBCL has been previously shown to be predictive of 
OS, PFS and NRM.27,28 Since our cohort was small, these 
findings need validation, and this merits further study. 
Patients with Hispanic race/ethnicity had worse NRM and 
OS than their White, Black, or Asian counterparts. This is 
in line with prior large studies that have shown worse OS 
in Hispanic compared to non-Hispanic white patients in 
those receiving MRD alloHCT despite adjusting for clinical 
variables, although these studies did not consider socio-
economic or cultural variables.29,30 
For this cohort of patients, polatuzumab-based regimens 
had the highest overall and CR rates between CAR T and 
alloHCT across multiple lines, although the significance 
of this finding is limited by an absence of data on treat-
ment regimens received in patients with CAR T failure 
considered for an allograft who did not undergo trans-
plantation (i.e., lack of a denominator). Response rates 
described here do not reflect the true response rates for 
these regimens in the post-CAR T failure setting (which 
are lower13) but rather, are reflective of a treatment sen-
sitive population that is able to proceed to alloHCT. Re-
cent data has shown higher overall response rates and 
longer PFS in patients receiving polaBR compared to 
chemotherapy in the first line following CAR T failure;13 
therefore, the introduction of a novel immunotherapy 
may be preferable to using chemotherapy alone when 
trying to achieve disease control prior to alloHCT in pa-
tients with CAR T failure. Of the recently approved novel 
agents, no patients in this cohort received selinexor and 
only one patient received tafasitamab or loncastuximab 
tesirine between CAR T and alloHCT, likely related in part 
to the recent nature of these approvals (June 2020 and 
onward).  
There were several important limitations to this analysis. 
Firstly, this was a multicenter retrospective analysis that 
focused only on patients who received an allograft. The 
true denominator (patients who failed CAR T and war-
ranted consideration for an allograft) was not captured in 
this study and therefore the clinical interpretation of 
treatment practices between CAR T and alloHCT should 
be viewed as hypothesis-generating. Secondly, the median 
follow-up of this study was relatively short (15 months) 
and longer follow-up is needed to determine the durabil-
ity of these remissions. Next, given the nature of this 
analysis, there was inherent heterogeneity of institutional 
practices, including the grading of CRS and ICANS.17-20 

Lastly, we did not include correlative data such as CAR T-
cell persistence (at relapse or following treatment for re-
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lapse) that might inform different treatment options such 
as bispecific antibodies or other immunotherapeutic ap-
proaches.  
In conclusion, 1-year alloHCT outcomes following CAR T 
failure in patients with LBCL mirrors the outcomes of 
LBCL with alloHCT more generally. More long-term fol-
low-up is needed to confirm the durable remission rate 
and curative potential of alloHCT after CAR T failure. Out-
comes were worse in patients not in CR at time of alloHCT 
and in those receiving two or more lines of therapy be-
tween CAR T and alloHCT. Based on our study, transplant-
eligible patients who achieve a CR after CAR T failure 
should be considered for alloHCT.  
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