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LETTER TO EDITOR

Long-term outcomes of relapsed/refractory double-hit
lymphoma (r/r DHL) treated with CD19/22 CAR T-cell
cocktail therapy

Dear Editor,
Previously, we reported the safety and efficacy of

sequential infusion of CD19/22 chimeric antigen recep-
tor (CAR) T-cells immunotherapy in treatment of
relapsed/refractory (r/r) B-cell lymphoma at first time
and suggested its potential role in certain subsets of
patients who carried high-risk genetic or chromosome
aberrations.1 However, the long-term outcomes of r/r
double-hit lymphoma (DHL) being treated by this
immunotherapy has not been fully elucidated. DHL with
c-MYC and BCL2 or BCL6 gene rearrangements have
been defined as a new separate subtype in 2016 revised
WHO classification of lymphoid neoplasms.2 Currently,
no consensus has been reached in the treatment of DHL.
Patients have inferior outcomes treated with conventional
or targeted chemotherapy3 and no significant benefit can
be obtained from further consolidative transplantation.4
If DHL patients have either refractory or relapsed diseases
after initial treatments, the prognosis will not be improved
by noncross-resistant second-line chemotherapy and
subsequent autologous-stem cell transplantation (ASCT).5
One investigation reported 50% response rate in 19 pri-
mary refractory and/or relapsed double-hit lymphoma (r/r
DHL) patients treated with tisagenlecleucel.6 In ZUMA-1
trial, seven patients with confirmed high-grade B-cell
Lymphoma (HGBL) or DHL had 90% objective responses
(OR) treated with axicabtagene ciloleucel.7 Long-term
survival data, however, were not reported in these studies.
Recently, one DHL case was reported to maintain com-
plete response (CR) for more than 1 year by treating with
axicabtagene ciloleucel, indicating the potential survival
benefit with CAR T-cell immunotherapy.8 Although
ASCT still plays a potentially curative role in treatment of
most types of r/r B-cell lymphoma, treatment of r/r DHL
patients who hadworse prognosis as a higher risk subtype
need incorporate with more investigational strategies
rather than standard ASCT alone.9 Whether ASCT follow-

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
© 2020 The Authors. Clinical and Translational Medicine published by John Wiley & Sons Australia, Ltd on behalf of Shanghai Institute of Clinical Bioinformatics

ing with CAR T-cell infusion can improve the prognosis
of r/r DHL patients remains unclear.
From February 2017 through May 2019, 12 consecutive

r/r DHL patients (Table 1) were enrolled into two sep-
arated ongoing clinical trials (Figure 1A): CD19/22 CAR
T-cell immunotherapy (Trial A, eight patients) and the
infusion of CD19/22 CAR T-cell immunotherapy following
ASCT (Trial B, six patients), including two patients switch-
ing from Trial A. The baseline characteristics of enrolled
patients across these two trials were well balanced (Table
S1). The overall objective response rate (ORR) at month
3 post CAR T-cell immunotherapy was 83.3% (10/12, 95%
CI: 55.2-97.0%), including three cases of CR (25%) and
seven cases of partial response (PR) (58.3%). The best ORR
was 83.3% (10/12, 95% CI: 55.2-97.0%) with 50% best CR
rate and 33.3% best PR rate. Comparable responses were
achieved across different subtype-specific impact (Table
S2). Among the patients in Trial A, 75.0% patients (6/8,
95%CI: 40.9-95.6%) achieved OR at month 3 post CAR T-
cell immunotherapy, including one with CR. Among five
with PR, two had PD at 3.1 and 8.7 months, respectively. In
Trial B, the ORR at month 3 post CAR T-cell immunother-
apy was 100% (95%CI: 61-100%), including one with CR.
Among those five with PR in Trial A, two patients were
enrolled in Trial B when early B-cell recovery had been
detected. Only one patient who had achieved CR in Trial B
had PD at 5.9 months post CAR T-cells infusion and even-
tually died at 12.2 months. Figure 1B presents duration of
response and long-term outcomes of all enrolled patients.
In the present study, promising results in r/r DHL

treatet with CAR T-cell therapy have been achieved with
low-grade (grade ≤2) cytokine release syndrome (CRS)
andCART-cell-related encephalopathy syndrome (CRES),
respectively (Table 1 and Table S3). The median follow-up
time was 12.1 months (range, 1.3-37.0) and both median
overall survival (OS) and progression-free survival (PFS)
were not reached in this cohort (Figure 1C and D). The
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F IGURE 1 A, Schematic diagram of study procedures. After providing written informed consent, all eligible patients with
relapsed/refractory double-hit lymphoma underwent leukapheresis. If needed, bridging therapy was allowed. In CD19/22 CAR T-cell
immunotherapy (Trial A), patients were given 25 mg/m2 of fludarabine and 300 mg/m2 cyclophosphamide (FC regimen) for consecutive 3
days (−4 days to −2 days) as lymphodepletion chemotherapy. CD19/22 CAR T-cells were infused separately on the following successive days
starting from d0. In CD19/22 CAR T-cell infusion following ASCT (Trial B), patients were given standard dose of BEAM regimen (300mg/m2 of
bis-carmusitine, −6 day; 200 mg/m2 of etoposide −5 to −2 days; 400 mg/m2 of cytarabine −5 to −2 days, and 140 mg/m2 of melphalan −1 day)
as myeloablative conditioning regimen. CD19/22 CAR T cells were infused 2-6 days (days +2 to +6) after autologous stem cells infusion (d0).
B, Duration of response and outcomes of all enrolled patients. The cutoff date (the last day of follow-up) was March 31, 2020. PD represents
progressive disease; SD represents stable disease; PR represents partial response; CR represents complete response. C, The Kaplan-Meier curve
for overall survival (OS) of all enrolled patients (red) and of patients in Trial B (blue); tick marks represent censored data. D, The Kaplan-Meier
curve for progression-free survival (PFS) of all enrolled patients. PFS of all enrolled patients (red) and of patients in Trial B (blue); tick marks
represent censored data. E, Cumulative incidence curve of relapse of enrolled patients. Cumulative incidence of relapse of all enrolled patients
(red) and of patients in Trial B (blue). F, A proposed novel strategy for the treatment of r/r DHL with CAR T-cell immunotherapy. According
to the availability of HSCs and the preference of patients, patients with r/r DHL are treated with CAR19/22 T-cell cocktail alone or following
ASCT. After treatment, treatment responses, lentiviral copies of CAR transgenes, and B-cell kinetics are regularly evaluated. Active follow-up
is reasonable for patients with detectable CAR T cells and sustained B-cell aplasia. For patients in partial response (PR) but with fast reducing
CAR T cells or with early B-cell recovery, response-guided second-round CAR T-cell infusion following ASCT could be applied. For patients
in stable or progressive disease (SD/PD), other clinical trials are highly recommended.
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1-year OS rate was 75.0% (95% CI: 40.8-91.2) for all enrolled
patients. However, the median follow-up time of patients
in Trial B was 17.9 months (range, 10.3-31.9) and the esti-
mated 2-year OS rate was 75.0% (95% CI: 12.8-96.1) (Fig-
ure 1C). The 1-year PFS rate was 63.6% (95% CI: 29.7-84.5)
among all enrolled patients; however, for patients in Trial
B, the estimated 2-year PFS rate was 83.3% (95% CI: 27.3-
97.5, Figure 1D). The estimated 1-year incidence of relapse
rate for all patients was 36.4% (95%CI: 15.5-70.3, Figure 1E).
Only one patient had disease relapse in patients in Trial
B until the cutoff date. Particularly, when compared with
patients received CAR19/22 T-cell cocktail alone, there
were trends toward numerical higher response rate and
survival time, fewer relapses and adverse effects, longer
persistence of CAR19 and CAR22 transgenes, and B-cell
aplasia (BCA) (Figure S1 and Table S4) in patients who
undergone CAR19/22 T-cell cocktail following ASCT. Fur-
ther testing in larger patient cohorts with different ethnic-
ity is required.
SCHOLAR-1, the largest pooled retrospective investi-

gation on r/r diffuse large B-cell lymphoma (DLBCL),10
indicated that patients who obtained CR status after sal-
vage chemotherapy had superior OS than nonresponders.
Remarkably extended PFS and OS of patients in CR sta-
tus was achieved at month 3 post CAR T-cell immunother-
apy when compared to patients in PR status.1 Therefore,
to achieve a CR after second- or late-line salvage therapy
is the principal goal for r/r DLBCL patients. In our study,
66.7%DHLpatients achieved a PR atmonth 3 post CD19/22
CAR T-cell infusion. Although patients who achieved a
PR after CAR T-cell infusion could continue to have a CR
without additional treatment, two patients with PR in Trial
A received second-round CAR19/22 T-cell cocktail infu-
sion following ASCT when early B-cell recovery had been
detected. Both patients thereafter achieved an ongoing CR
at 8.7 and 9.6 months, respectively, indicating response-
guided second-round CAR T-cell infusion following ASCT
could reinforce the efficiency of first-round CAR T-cell
infusion. Hence, response assessment and kinetics screen-
ing for CAR transgenes and B-cell recovery are critical
for patients after CAR T-cell infusion. Regular follow-up
is proper for patients with detectable CAR T-cells and
sustained BCA, but response-guided second-round CAR
T-cell infusion following ASCT is a reasonable strategy
for patients in PR but with fast reducing CAR T-cells
or with early B-cell recovery (Figure 1F). This proposed
strategy could also be extended to the treatment for high-
risk B-NHL and should be investigated in future clinical
trials.
In conclusion, this is the first dedicated and largest case

series looking at r/r DHL patients who were treated with
CD19/22 sequential CAR T-cells infusion. Our data sug-

gested that CD19/22 CAR T-cell immunotherapy alone or
following ASCT can improve the long-term outcome of r/r
DHL. It provides a promising novel therapeutically option
for r/r DHL.

ACKNOWLEDGMENTS
We thank all the faculty and staff in the Clinical and
Laboratory Unit of the Department of Hematology, Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology for their clinical and technical
supports. We also appreciate Wuhan Bio-Raid Biotechnol-
ogy Co., Ltd. for their service in cell manufacturing and
quality control. This work is supported by the funding
from the Key Program of the National Natural Science
Foundation of China (81830008 to JZ) and the National
Natural Science Foundation of China (81670152, to LH;
81873427, to JW; 81600120, to NW).

CONFL ICT OF INTERESTS
The authors declare that there is no conflict of interest.

ETH ICS APPROVAL AND CONSENT TO
PART IC IPATE
This study was approved by the Medical Ethics Commit-
tee of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology (TJ-IRB20160310).
All patients gave their written informed consents in accor-
dance with the Declaration of Helsinki. This study is regis-
tered at www.chictr.org.cn as ChiCTR-OPN-16008526 and
ChiCTR-OPN- 16009847. The authors have obtained con-
sent to publish from the participant to report individual
patient data.

FUNDING INFORMATION
Key Program of the National Natural Science Founda-
tion of China; Grant Number: 81830008; National Natural
Science Foundation of China; Grant Numbers: 81670152,
81873427, and 81600120).

AUTH OR CONTRIBUT IONS
Jianfeng Zhou and Liang Huang designed and supervised
the clinical study; Tongcun Zhang, Chaojiang Gu, and
Shangkun Zhang supervised the CAR T-cell production;
Na Wang and Yang Cao conducted preclinical validation
and quality control; Jia Wei, Zekai Mao, Weimin Sun,
Xiaolu Long, Jiaqi Tan, and Lifang Huang collected clin-
ical data; Jia Wei, Zekai Mao, and Liang Huang analyzed
data, wrote, and revised the manuscript; Jia Wei and Zekai
Mao performed statistical analyses; Jianfeng Zhou, Liang
Huang, Yang Cao, Chunrui Li, Yi Xiao, Yicheng Zhang, Jia
Wei, Na Wang, Zekai Mao, and Weimin Sun enrolled and
took care of the patients.

http://www.chictr.org.cn


WEI et al. 5 of 5

DATA AVAILAB IL ITY STATEMENT
The data that support the findings of this study are avail-
able in the Supporting Information. All published data and
material are available upon request from the correspond-
ing authors.

Jia Wei1,2,∗
Zekai Mao1,2,∗

Na Wang1,2
Lifang Huang1,2

Yang Cao1,2
Weimin Sun1,2
Xiaolu Long1,2

Jiaqi Tan1,2
Chunrui Li1,2

Yi Xiao1,2
Chaojiang Gu3,4

Shangkun Zhang4
Yicheng Zhang1,2
Tongcun Zhang3,4
Jianfeng Zhou1,2
Liang Huang1,2

1 Department of Hematology, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and

Technology, Wuhan, Hubei, China
2 Immunotherapy Research Center for Hematologic
Diseases of Hubei Province, Wuhan, Hubei, China

3 College of Life Science and Health, Wuhan University of
Science and Technology, Wuhan, Hubei, China

4 Wuhan Bio-Raid Biotechnology Co., Ltd, Wuhan, Hubei,
China

Correspondence
Jianfeng Zhou and Liang Huang, Department of

Hematology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, 1095

Jiefang Avenue, Wuhan, Hubei 430030, China.
Email: jiawei@tjh.tjmu.edu.cn, jfzhou@tjh.tjmu.edu.cn,

lhuang@tjh.tjmu.edu.cn

∗Both the authors contributed equally to this work.

ORCID
JiaWei https://orcid.org/0000-0002-6435-9368
Chunrui Li https://orcid.org/0000-0001-5134-7133
JianfengZhou https://orcid.org/0000-0002-1332-9230
LiangHuang https://orcid.org/0000-0002-8370-3232

REFERENCES
1. Wang N, Hu X, Cao W, et al. Efficacy and safety of CAR19/22 T-

cell cocktail therapy in patients with refractory/relapsed B-cell
malignancies. Blood. 2020;135(1):17-27.

2. Scott DW, King RL, Staiger AM, et al. High-grade B-cell
lymphoma with MYC and BCL2 and/or BCL6 rearrange-
ments with diffuse large B-cell lymphoma morphology. Blood.
2018;131(18):2060-2064.

3. Johnson NA, Slack GW, Savage KJ, et al. Concurrent expression
of MYC and BCL2 in diffuse large B-cell lymphoma treated with
rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone. J Clin Oncol. 2012;30(28):3452-3459.

4. Chen AI, Leonard JT, Okada CY, et al. Outcomes of DA-
EPOCH-R induction plus autologous transplant consolidation
for double hit lymphoma. Leuk Lymphoma. 2018;59(8):1884-
1889.

5. Cuccuini W, Briere J, Mounier N, et al. MYC+ diffuse large B-
cell lymphoma is not salvaged by classical R-ICE or R-DHAP
followed by BEAM plus autologous stem cell transplantation.
Blood. 2012;119(20):4619-4624.

6. Schuster SJ, BishopMR, TamCS, et al. Tisagenlecleucel in adult
relapsed or refractory diffuse large B-cell lymphoma. N Engl J
Med. 2019;380(1):45-56.

7. Locke FL, Ghobadi A, Jacobson CA, et al. Long-term safety and
activity of axicabtagene ciloleucel in refractory large B-cell lym-
phoma (ZUMA-1): a single-arm, multicentre, phase 1–2 trial.
Lancet Oncol. 2019;20(1):31-42.

8. Deol A, Uberti J. Rapid and sustained response to chimeric anti-
gen receptor T cell therapy in double hit diffuse large B cell lym-
phoma. Am J Hematol. 2020;95:333-334.

9. Herrera AF, Mei M, Low L, et al. Relapsed or refractory double-
expressor and double-hit lymphomas have inferior progression-
free survival after autologous stem-cell transplantation. J Clin
Oncol. 2017;35(1):24-31.

10. Crump M, Neelapu SS, Farooq U, et al. Outcomes in refractory
diffuse large B-cell lymphoma: results from the international
SCHOLAR-1 study. Blood. 2017;130(16):1800-1808.

SUPPORT ING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

How to cite this article: Wei J, Mao Z, Wang N,
et al. Long-term outcomes of relapsed/refractory
double-hit lymphoma (r/r DHL) treated with
CD19/22 CAR T-cell cocktail therapy. Clin Transl
Med. 2020;10:e176. https://doi.org/10.1002/ctm2.176

https://orcid.org/0000-0002-6435-9368
https://orcid.org/0000-0001-5134-7133
https://orcid.org/0000-0002-1332-9230
https://orcid.org/0000-0002-8370-3232
mailto:jiawei@tjh.tjmu.edu.cn
mailto:jfzhou@tjh.tjmu.edu.cn
mailto:lhuang@tjh.tjmu.edu.cn
https://orcid.org/0000-0002-6435-9368
https://orcid.org/0000-0002-6435-9368
https://orcid.org/0000-0001-5134-7133
https://orcid.org/0000-0001-5134-7133
https://orcid.org/0000-0002-1332-9230
https://orcid.org/0000-0002-1332-9230
https://orcid.org/0000-0002-8370-3232
https://orcid.org/0000-0002-8370-3232
https://doi.org/10.1002/ctm2.176

	Long-term outcomes of relapsed/refractory double-hit lymphoma (r/r DHL) treated with CD19/22 CAR T-cell cocktail therapy
	ACKNOWLEDGMENTS
	CONFLICT OF INTERESTS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	FUNDING INFORMATION
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


