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Abstract 

From October 2017 to June 2022, we retrospectively report outcomes of R/R DLBCL patients with failure of CAR-T 
therapy, then receiving allo-HSCT. Among 10 patients, 5 were males and 5 females, with a median age of 43.5 (27–52) 
years. All patients were diagnosed refractory/relapsed diffuse large B cell lymphoma. The median time from CAR-T 
treatment to transplantation was 84.5 (31–370) days. The median follow-up was 21 (3–69) months. 5/10 patients 
attained CR and 1/10 patient attained PR during the follow up. The objective response rate (ORR) was 60%. The 1-year 
overall survival (OS) and progression-free survival (PFS) were 70% and 40%, respectively. At the time of the analysis, 6 
patients were still living. During the follow up, four patients have died and the causes were disease relapses and pro-
gressions (2 patients), acute renal failure (1 patient), severe pulmonary infection (1 patient). Non-relapse was 20.0%.
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To the editor
Refractory/relapsed diffuse large B-cell lymphoma (R/R 
DLBCL) patients with failure of CAR-T therapy have 
poor prognosis and no standard chemotherapy regimen 
has been defined [1]. Therefore, it is apparent that novel 
treatment modalities are urgently needed for them. For 
such patients, allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) should be considered as a treat-
ment option. An expert panel opinion from the American 
Society for Transplantation and Cellular Therapy sug-
gests that allo-HSCT may be considered for patients with 
CR post CAR-T therapy after individualized evaluation, 

whereas in patients with relapse/progression allo-HSCT 
should be included among treatment options [2].

We performed a retrospective analysis of patients with 
R/R DLBCL who relapsed after CAR-T therapy at the 
First Affiliated Hospital of Soochow University. From 
October 2017 to June 2022, we report outcomes of R/R 
DLBCL patients with failure of CAR-T cell treatment, 
then receiving allo-HSCT. In our analysis, 10 patients’ 
clinical data were collected. All patients were diag-
nosed based on histopathologic examinations. Follow-
ing CAR-T therapy, a response evaluation via positron 
emission tomography (PET)/computed tomography (CT) 
was performed. The response to treatment was evalu-
ated according to the Lugano 2014 Evaluation criteria for 
therapeutic effect of lymphoma.

Among 10 patients, 5 were males and 5 females, with 
a median age of 43.5 (27–52) years. 8/10 patients were 
at stage IV and 2/10 were at stage III. IPI ranged from 2 
to 4. IPI was 2 in four patients, 3 in five patients and 4 
in one patient. All patients had received CAR-T therapy 
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before allo-HSCT. Four patients received CD19-targeted 
CAR-T therapy, six patients received CD19/CD22-tar-
geted CAR-T therapy. All of these CART cells were autol-
ogous CART. Best response to CAR-T therapy was CR in 
30% (n = 3), PR in 40% (n = 4), and SD/PD in 30% (n = 3). 
Demographic and clinical characteristics are described in 
Table 1.

During the follow up, all patients relapsed in several 
months after CAR-T therapy. The first-line treatment 
regimens given as salvage following CAR-T failure were: 
venetoclax-based (n = 2), ibrutinib+tislelizumab (n = 1). 
7 patients received no therapy for their active lymphoma 
between CAR-T and allo-HSCT.

The median time from CAR-T therapy to trans-
plantation was 84.5 (31–370) days. 8/10 donors were 
haploidentical family member, 2/10 donors were HLA-
matched sibling. The conditioning regimens included 
BU/CY (busulfan, cyclophosphamide) and TBI/CY 
treatments. Bone marrow+peripheral blood was the 
most common graft source. The most common GVHD 
prophylaxis regimen was cyclosporinA+mycophenolate 
mofetil+methotrexate (90%). All patients obtained com-
plete engraftment. Median time of neutrophil engraft-
ment was 12 (11–19) days, and 13 (9–20) days of platelet 
engraftment. The CD34+ cells ranged from 0.95 × 106 to 
7.36 ×  106cells/kg (median 3.04 ×  106 cells/kg). (Table 2).

Time The time from CAR-T treatment to transplanta-
tion, MMRD mismatched related donor, MSD matched 

Table 1 Clinical features of patients (n = 10)

Patient

No %

Sex

 Male 5 50.0%

 Female 5 50.0%

Age (years)

 Range 27–52

 Median 43.5

ECOG performance stage

 0–1 7 70.0%

  ≥ 2 3 30.0%

Ann Arbor clinical stage

 III 2 20.0%

 IV 8 80.0%

 LDH higher than ULN 7 70.0%

Disease type

 DLBCL 10 100.0%

 Prior therapies

 Range3–10

 Median 9

IPI

 0–1 0 0

 2 4 40.0%

 3 5 50.0%

 4 1 10.0%

Table 2 Treatment characteristics and response (n = 10)

Patient Time (d) Disease status 
prior to allo-
HSCT

Type of donors stem cell source Conditioning 
regimens

CD34+ cell(×  106cells/
kg)

GvHD PPx Efficacy

1 51 PR MMRD Peripheral blood TBI/Cy 7.36 CsA+MMF+MTX CR

2 370 PD MMRD Bone 
marrow+peripheral 
blood

Bu/Cy 0.95 CsA+MMF+MTX PD

3 246 PD MMRD Bone marrow Bu/Cy 3.87 CsA+MMF+MTX CR

4 45 PD MMRD Bone 
marrow+peripheral 
blood

Bu/Cy 2.22 CsA+MMF+MTX CR

5 101 PD MMRD Bone 
marrow+peripheral 
blood

Bu/Cy 2.64 CsA+MMF+MTX PD

6 31 PD MMRD Bone 
marrow+peripheral 
blood

TBI/Cy 1.96 CsA+MMF+MTX CR

7 50 PR MMRD Bone 
marrow+peripheral 
blood

Bu/Cy 5.49 CsA+MMF+MTX PD

8 133 PR MSD Peripheral blood Bu/Cy 3.68 CsA+MTX PR

9 68 PD MMRD Bone 
marrow+peripheral 
blood

Bu/Cy 1.56 CsA+MMF+MTX PD

10 119 PD MSD Peripheral blood Bu/Cy 3.43 CsA+MMF+MTX CR
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sibling donor, Bu/Cy busulfan/cyclophosphamide, GvHD 
PPx graft-versus-host disease prophylaxis, CsA cyclo-
sporinA, MMF mycophenolate mofetil, MTX metho-
trexate, CR complete remission, PR partial remission, PD 
progression disease.

The median follow-up was 21 (3–69) months. 5/10 
patients attained CR and 1/10 patient attained PR dur-
ing the follow up. The ORR was 60%. Median OS was 
21 months (range 3–69 months), and 1-year OS was 70% 
for all patients. Median PFS was 5 months (range 0.7–
62 months), and 1-year PFS was 40%.

1 case experienced acute graft-versus-host 
disease(aGVHD) grade II, 1 case with aGVHD grade III. 
Among 5 survivals, NIH mild chronic GVHD occurred in 
1 patient. At time of last follow-up, four patients had died 
and the causes were disease relapses and progressions (2 
patients), acute renal failure (1 patient), severe pulmo-
nary infection (1 patient). Non-relapse was 20.0%.

CAR-T therapy have been proved as a most effective 
strategy for R/R DLBCL patents [3, 4]. However, there is 
no standard of care treatment options post CAR-T fail-
ure [5]. FDA-approved therapies for R/R LBCL which can 
be employed after CAR-T failure include polatuzumab 
vedotin plus bendamustine and rituximab, tafasitamab-
lenalidomide and selinexor, which are not available in 
China [6]. Thus, to those who achieve a type of response 
post CAR-T failure, a consolidation with allo-HSCT may 
be considered. In the ZUMA-1 trial, 2 patients who had a 
response underwent allo-HSCT, while in the JULIET trial 
no patient proceeded to transplantation while having a 
response. However, 6 patients who were unresponsive to 
CAR T-cells proceeded ultimately to allo-HSCT [7, 8]. In 
a smaller study of 61 B-NHL patients with progressive 
disease after anti-CD19 CAR-T therapy, 5 patients (8%) 
eventually received an allo-HSCT with 2 of them remain-
ing alive after 12  months of disease progression [9]. 
Zurko J et  al. reported the outcome of 88 patients with 
relapsed, refractory LBCL received an allo-HSCT follow-
ing anti-CD19 CAR-T failure. The 1-year OS, PFS, and 
graft-versus-host disease-free relapse-free survival were 
59%, 45%, and 39% respectively [10]. Fried et al. reported 
the outcome of 39 adult LBCL patients who underwent 
allo-HSCT following anti-CD19 CAR-T therapy. The 
2-year overall survival (OS) and progression-free survival 
(PFS) were 45% (95% CI 31% to 66%) and 31% (95% CI 
19% to 50%), respectively [11]. We report 1-year OS and 
PFS of 70% and 40% following allo-HCT, respectively. 
This compares favorably with the dismal outcome of 
patients with CAR-T failure.

In conclusion, this study evaluated the efficacy and 
safety of allo-HSCT in a subset of DLBCL patients previ-
ously treated with CAR T-cell therapy, it has shown that 
allo-HSCT is a feasible and safe choice with favorable 

outcome for R/R DLBCL patients with failure of CAR-T 
therapy.

Abbreviations
R/R DLBCL  Refractory/relapsed Diffuse large B-cell lymphoma
Allo-HSCT  Allogeneic hematopoietic stem cell transplantation
OS  Overall survival
PFS  Progression-free survival
CR  Complete remission
PR  Partial remission
PD  Progression disease

Acknowledgements
We would like to thank Sicheng Ai (New York University, College of Art and 
Science, 50 West 4th Street, NY, 10012) for English-language review of the 
manuscript.

Author contributions
HH designed the research; MC participated in the design of the study and 
performed the research; SA analyzed the data. YZ and MJ performed the 
statistical analysis. LY and LK helped to analyze the data. ZJ interpreted the 
data. CL critically assessed the manuscript; DW and HH revised the manuscript 
and approved the final version, and all authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics committee of the First Afliated Hospital 
of Soochow University.

Consent for publication
All authors critically reviewed and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 7 August 2023   Accepted: 3 January 2024

References
 1. Lu T, Zhang J, Xu-Monette ZY, Young KH. The progress of novel strategies 

on immune-based therapy in relapsed or refractory diffuse large B-cell 
lymphoma. Exp Hematol Oncol. 2023;12:72.

 2. Jain T, Bar M, Kansagra AJ, Chong EA, Hashmi SK, Neelapu SS, et al. Use of 
chimeric antigen receptor T cell therapy in clinical practice for relapsed/
refractory aggressive B cell non-Hodgkin lymphoma: an expert panel 
opinion from the American society for transplantation and cellular 
therapy. Biol Blood Marrow Transpl. 2019;25:2305–21.

 3. Wang J, Gu T, Hu Y, Huang H. Novel cellular immunotherapies for hemato-
logical malignancies: recent updates from the 2021 ASH annual meeting. 
Exp Hematol Oncol. 2022;11:1–17.

 4. Liang Y, Liu H, Lu Z, Lei W, Zhang C, Li P, et al. CD19 CAR-T expressing 
PD-1/CD28 chimeric switch receptor as a salvage therapy for DLBCL 
patients treated with different CD19-directed CAR T-cell therapies. J 
Hematol Oncol. 2021;14:1–5.



Page 4 of 4Cong et al. Experimental Hematology & Oncology            (2024) 13:4 

 5. Zhang Y, Li S, Wang Y, Lu Y, Xu Y, Rao Q, et al. A novel and efficient CD22 
CAR-T therapy induced a robust antitumor effect in relapsed/refractory 
leukemia patients when combined with CD19 CAR-T treatment as a 
sequential therapy. Exp Hematol Oncol. 2022;11:1–18.

 6. Logue JM, Chavez JC. How to sequence therapies in diffuse large 
B-cell lymphoma post-CAR-T cell failure. Curr Treat Options Oncol. 
2021;22:1–18.

 7. Neelapu SS, Locke FL, Bartlett NL, Lekakis LJ, Miklos DB, Jacobson CA, 
et al. Axicabtagene ciloleucel CAR T-cell therapy in refractory large B-cell 
lymphoma. N Engl J Med. 2017;377:2531–44.

 8. Schuster SJ, Bishop MR, Tam CS, Waller EK, Borchmann P, McGuirk JP, 
et al. Tisagenlecleucel in adult relapsed or refractory diffuse large B-cell 
lymphoma. N Engl J Med. 2019;380:45–56.

 9. Chow VA, Gopal AK, Maloney DG, Turtle CJ, Smith SD, Ujjani CS, et al. Out-
comes of patients with large B-cell lymphomas and progressive disease 
following CD19-specific CAR T-cell therapy. Am J Hematol. 2019;94:E209.

 10. Zurko J, Ramdial J, Shadman M, Ahmed S, Szabo A, Iovino L, et al. Alloge-
neic transplant following CAR T-cell therapy for large B-cell lymphoma. 
Haematologica. 2023;108:98.

 11. Fried S, Shouval R, Walji M, Flynn JR, Yerushalmi R, Shem-Tov N, et al. 
Allogeneic hematopoietic cell transplantation after chimeric antigen 
receptor T Cell therapy in large b cell lymphoma. Transpl Cell Ther. 
2023;29:99–107.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Outcomes of allogeneic hematopoietic stem cell transplantation in RR DLBCL patients with failure of CAR-T therapy
	Abstract 
	To the editor
	Acknowledgements
	References


