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Aim: Autologous hematopoietic stem cell transplantation (ASCT) is the standard-of-care curative treat-
ment for relapsed or refractory diffuse large B-cell lymphoma (RR-DLBCL), but the relapse rate is usu-
ally high. Materials & methods: In this study, we treated 14 RR-DLBCL patients by combining ASCT
and anti-CD19 chimeric antigen receptor T-cell therapy. Results: Eleven (78.57%) patients achieved com-
plete or partial remission. Median duration of progression-free survival was 14.82 months (95% CI: 0.00–
31.20 months) with 6-month progression-free survival rate of 64.29% (95% CI: 39.18–89.40%). Median
overall survival was not achieved, with 1-year overall survival rate of 65.48% (95% CI: 36.00–94.96%).
No neurotoxicity was observed. Conclusion: Our study demonstrated safety and feasibility of ASCT and
anti-CD19 chimeric antigen receptor T-cell treatment for RR-DLBCL patients.

First draft submitted: 26 March 2020; Accepted for publication: 21 July 2020; Published online:
5 August 2020

Keywords: autologous hematopoietic stem cell transplantation • chimeric antigen receptor T-cell therapy • diffuse
large B-cell lymphoma • relapsed or refractory • safety

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL),
accounting for 30–40% of newly diagnosed NHL [1]. For DLBCL patients, rituximab combined with chemotherapy
is the standard aggressive therapy, with more than 70% patients achieving complete remission (CR) [2–6]. However,
20–50% DLBCL patients are primary refractory to chemoimmunotherapy or relapse after achieving CR [7,8]. For
the relapsed or refractory (RR) patients, only 30–40% patients respond to salvage chemotherapy and usually proceed
to undergo autologous hematopoietic stem cell transplantation (ASCT) [9–12]. Even among the patients who are
able to receive ASCT, 50% patients eventually relapse [13,14]. For patients that relapse after ASCT within 12 months,
only 26% patients respond to salvage chemotherapy and the median survival is only 6.3 months [15]. Some RR-
DLBCL patients received allogeneic hematopoietic stem cell transplantation (Allo-HSCT), however, Allo-HSCT
could induce graft-versus-host disease. For economic and safety reason, many patients choose ASCT, but ASCT
could not benefit them a lot. Thus, there is a poor outlook for patients with RR-DLBCL, and until now, there are
no curative treatment options.

Chimeric antigen receptor (CAR) T-cell therapy has achieved marked success in treating hematological malig-
nancies, especially in B-cell acute lymphoblastic leukemia. Clinical trials with CAR T-cell therapy have shown
CR rates of 70–90% in RR B-cell acute lymphoblastic leukemia [16–23]. Anti-CD19 CAR T-cell therapy has also
been widely investigated in B-cell NHL treatment since the first advanced follicular lymphoma patient received
CAR T-cell therapy in 2010 [24]. In previous clinical studies, DLBCL patients who received CAR T-cell therapy
treatment showed objective response rates (ORRs) of 52–82%; however, only 40–65% maintained survival without
relapse after CAR T-cell therapy during the first 1–2 years [25–27]. Thus, pursuing higher response rate and durable
remission are the main challenge for CAR T-cell therapy in lymphoma.
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In the current clinical trial, we designed a protocol to treat 14 patients with RR-DLBCL by sequential infusing
ASCT and anti-CD19 CAR T-cell, aiming to improve survival of RR-DLBCL patients. With this therapy, 78.57%
patients obtained remission, with no severe toxic effects.

Materials & methods
Study design
The clinical trial (ChiCTR-OIN-15007668) is an open-label, uncontrolled, single-arm pilot study approved by
the institutional review boards of Second Military Medical University and Changhai Hospital. This trial has been
conducted at Changhai Hospital. Written informed consents from patients have been obtained according to the
Declaration of Helsinki protocol.

Eligible patients underwent hematopoietic stem cell and peripheral blood mononuclear cells (PBMNCs) apheresis
before ASCT conditioning therapy. The ASCT conditioning regimen was semustine, cytarabine, etoposide and
cyclophosphamide, including oral semustine (250 mg/m2) on day -6, followed by cytarabine (300 mg/m2) infusion
for 1 h every 12 h, etoposide (100 mg/m2) infusion for 3 h and cyclophosphamide (1.0 g/m2) on days -5 through
-2. Autologous hematopoietic stem cells were infused on day 0 and CAR T-cell was given on day 6 after ASCT.

CAR T-cell production
T cells were collected from patients’ PBMNCs by leukapheresis and activated with anti-CD3 (1000 μg/ml) and
anti-CD28 (500 μg/ml) microbeads. The CD19-specific scFv was designed and produced by HuaDao Biopharma
(Shanghai) Limited Corporation. The CD19-4-1BB transgenes were transduced into T cells with lentiviral vector,
and the cells expanded with the use of IL-2 (600 IU/ml) for 10–14 days. Sterility, transduction efficiency, phenotype,
cytotoxicity and cytokine release were routinely examined in vitro. Sample processing, CAR T-cell manufacturing
and laboratory analyses were mainly conducted by HuaDao Biopharma (Shanghai) Limited Corporation.

CAR T-cell examinations ex vivo & in vivo
Tumor lysis activity of CAR T-cell ex vivo was analyzed using lactic acid dehydrogenase (LDH) release assay. In
brief, CAR T-cell were co-incubated with target cells (CD19-K562) or non-target cells (K562) for 16 h, and
supernatants were collected for LDH examination. Abundance of LDH was proportional to the number of target
or non-target cells lysed, reflecting CAR T-cell tumor lysis activity. CAR T-cell cytokine secretion ex vivo was
detected by Cytometric Bead Array. CAR T-cell sub-population ex vivo was examined by flow cytometer. In vivo
CAR T-cell cytokine secretion at a series of time points was analyzed by the Immulite 1000 Immunoassay System
(Siemens, Berlin, Germany). CAR T-cell expansion and persistence in vivo was analyzed by quantitative-PCR and
flow cytometry. The details of examination procedures and regents were described in our previous work [28].

Disease & toxicity assessment
Disease assessment with positron-emission tomography and computed tomography (PET-CT) or CT alone were
performed before ASCT and 1 month, 3 months, 6 months, 9 months and 1 year after ASCT infusion. CR was
defined as complete resolution of all areas of disease on PET-CT assessments, while partial remission (PR) was
defined as ≥50% reduction in the greatest diameter of all sites of known disease and no new sites of disease. Stable
disease (SD) was defined as <50% reduction in the diameter of all disease sites. Progressive disease (PD) was
defined as enlargement of all disease site, or development of new disease site. Toxicity assessment was based on
NCI Common Terminology Criteria for Adverse Events 4.02. Cytokine-release syndrome (CRS) assessment was
conducted using the University of Pennsylvania Cytokine Release Syndrome Grading System [29].

Progression-free survival (PFS) was defined as the length of the time from ASCT to relapse, death or the last
follow-up point from CR or PR. Overall survival (OS) represented the length of time from ASCT to death due to
any cause or the last follow-up visit.

Statistical analysis
The survival probability of PFS and OS was analyzed using the Kaplan–Meier method. p-value < 0.05 was
considered statistically significant. All statistical analyses were performed using GraphPad Prism 6.0.
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Table 1. Clinical characteristics of 14 relapsed or refractory diffuse large B-cell lymphoma patients.
n Gender Age Diagnosis Disease

status
before
ASCT

Sites of active
disease

Conditioning
therapy

MNC cell
dose
(×108/kg)

CD34 cell
dose
(×106/kg)

CAR T-cell
dose
(×106/kg)

CRS max
grade

Best
response

Duration of
best
response
(month)

1 F 47 DLBCL SD Multiple LN CEAC 4.60 0.44 0.74 1 CR 2.43

2 F 52 DLBCL SD Multiple LN CEAC 4.61 1.15 3 1 CR 8.31+
3 M 32 DLBCL PD Pelvic LN CEAC 7.14 1.14 1.2 2 PD 1.35

4 M 68 DLBCL SD Abdomen LN CEAC 5.94 2.37 2.14 1 CR 20.4+
5 M 44 DLBCL PD Abdomen LN R-CEAC 8.45 12.26 0.88 N PD 3.65

6 M 28 DLBCL Relapse Multiple LN CEAC 5.06 5.06 7.89 2 CR 16.07+
7 F 56 DLBCL PD Breast CEAC 3.60 4.11 2.37 2 PR 14.82

8 M 22 DLBCL SD Cervical LN R-CEAC 4.72 1.65 1.5 1 PD 5.62

9 F 44 DLBCL SD Abdomen LN R-CEAC 4.70 12 2.49 N PR 9.88+
10 M 27 DLBCL PD Mediastinum R-CEAC 4.50 7 1.72 2 PR 11.4+
11 F 37 DLBCL SD Abdomen LN R-CEAC 3.51 2.12 5 3 CR 10.91+
12 M 19 DLBCL PD Multiple LN CEAC 7.54 2.76 6.32 2 CR 7.75+
13 M 39 DLBCL SD Abdomen LN CEAC 5.69 6.67 3.59 1 PR 6.6+
14 M 56 DLBCL PD Mediastinum R-CEAC 8.72 5.6 3 2 PR 1.81

ASCT: Autologous hematopoietic stem cell transplantation; CAR: Chimeric antigen receptor; CEAC: Semustine, cytarabine, etoposide and cyclophosphamide; CR: Complete remission;
CRS: Cytokine-release syndrome; DLBCL: Diffuse large B-cell lymphoma; F: Female; LN: Lympho nod; M: Male; MNC: Mononuclear cell; N: No CRS; PD: Progressive disease; PR: Partial
remission; R: Rituximab; SD: Stable disease.

Results
Patient characteristics
From December 2016 to December 2018, a total of 14 RR-DLBCL patients were enrolled in the current study.
Among these patients, five (35.71%) were females and nine (64.29%) were males. The median age was 39 (range:
19 to 68 years) years old. At baseline, after received first- and second-line therapy, while no patient had a prior ASCT
among the 14 patients, seven (50.00%) patients had SD, six (42.86%) patients had PD and one (7.14%) patients
relapsed. Three patients received six courses first-line therapy and disease progressed, so we assessed it as primary
refractory. After enrollment, patients were treated with sequential ASCT and CAR T-cell treatment as consolidation
therapy. Patients received semustine, cytarabine, etoposide and cyclophosphamide conditioning chemotherapy
before ASCT. The infused median MNC dose of ASCT was 4.89 × 108/kg (range: 3.51 to 8.72 × 108/kg), and
median CD34-positive cells dose of ASCT was 3.44 × 106/kg (range: 0.44 to 12.26 × 106/kg). CAR T-cell were
infused at 6 days after ASCT, and the median CAR T-cell dose was 2.43 × 106/kg (range: 0.74 to 7.89 × 106/kg).
The patients’ characteristics were described in Table 1.

Quality control analyses for CAR T-cell products
All CAR T-cell products met quality control criteria. The expression of CD3, CD4, CD8, CD45RA, C-C
chemokine receptor-7 (CCR7) on the T-cell surface were analyzed to depict CD4-positive, CD8-positive, naive T
cell (CD45RA + CCR7+), memory T cell (CD45RA-CCR7+/CCR7−) or effector T cell (CD45RA + CCR7-)
proportions in total T cells (Figure 1A). On average, CD8-positive T cells accounted for 60% of total T cells and
the majority were T memory cells. To measure CAR T-cell antitumor activity, we examined CAR T-cell lysis activity
when combined with a CD19-positive tumor cell line (K562-CD19) and K562 cell line by LDH release assay.
The results showed that CAR T cell expressed robust cytotoxicity against CD19-positive cells but had little impact
on K562 cell line (Figure 1B). Cytokines levels of IL-2, TNF-α and IFN-γ in the medium markedly increased
when CAR T cells encountered the CD19-positive tumor cell line (Figures 1C–E). The results indicated that CAR
T-cell could specifically recognize target cells and possess potent antitumor activities in vitro.

Patient responses
Among 14 patients, five patients had PET-CT and nine patients had CT evaluation at 1 month after ASCT and
CAR T-cell therapy. Moreover, 11 of 14 (78.57% ORR) patients responded to ASCT and CAR T-cell sequential
therapy. For 14 patients, six (42.86%) patients achieved CR, five (35.71%) patients obtained PR and three (21.43%)
patients remained PD. And the assessment at 3 months after treatment, remission rate was 71.43%. There was no
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Figure 1. Chimeric antigen receptor T-cell subpopulations and antitumor activity ex vivo. (A) Percentages of T-cell
subpopulations in CAR T-cell products detected by flow cytometer. Tn express markers of CD45RA and CCR7, Tm do
not express marker of CD45RA, Te express marker of CD45RA and do not express CCR7. (B) CAR T-cell tumor lysis
activity. CAR T cell were co-incubated with target cell (K562-CD19) or nontarget cell (K562) at E:T of 4:1 for 16 h. LDH
level in the supernatant was determined. CAR T cell robustly killed target cell but had little impact on nontarget cells.
****p < 0.0001. (C–E) IL-2, TNF-α and IFN-γ secretion in coculture system of CAR T cell and target or nontarget cells.
CAR T cell secreted high level of IL-2 and TNF-α only when counteracted target cells. *p < 0.05; **p < 0.01.
CAR: Chimeric antigen receptor; CCR7: C-C chemokine receptor-7; ET: Effector-to-target cell ratio; LDH: Lactic acid
dehydrogenase; Te: Effector T cells; Tm: Memory T cells; Tn: Naive T cells.

association between patients’ responses with CAR T cell and MNC doses of ASCT infused (Figures 2A–B). CAR
T-cell lentivirus vector specific gene regions were detected in patients 15 days after infusion, indicating expansion
and persistence of the CAR T cell in vivo (Figure 2C). There was no significant difference of CAR T-cell expansion
in vivo between PR/CR and PD patients (Figures 2D–E). Responses were not associated with subgroups categorized
according to patients’ age, disease states, cell of origin or treatment history (Figure 2F).

Adverse effects
CRS has been reported as the most common adverse effects in CAR T-cell therapy [30]. In this study, we observed
that seven (50.00%) patients showed no or grade 1 CRS, seven (50.00%) patients had grade 2–3 CRS, with
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Subgroup No. of patients Objective response [95% CI] p value
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Figure 2. Patient response and possible relevant factors. (A) Relationship of patient responses of PR/CR or PD to CAR T-cell dosage. (B)
Relationship of patient responses of PR/CR or PD with infused MNC dosage. (C) CAR T-cell expansion detected by qPCR from day 1
through day 14 after T-cell infusion. (D) Relationship of patient response to CAR expansion in vivo AUC. (E) Relationship of patient
responses of PR/CR or PD to CAR T-cell peak/expansion level in vivo. (F) The rate of objective response (CR + PR) and 95% CI according to
patient baseline clinical characteristics including the age, Ann Arbor stage, IPI risk score extranodal disease, cell of origin and treatment
history. Solid diamond indicates the observed objective response rate. Line extended from diamond means 95% CI.
AUC: Area under curve; CAR: Chimeric antigen receptor; CR: Complete remission; GCB: Germinal center B cells; IPI: International
prognostic index; MNC: Mononuclear cell; PD: Progressive disease; PR: Partial remission; qPCR: Quantitative-PCR.
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Figure 3. Serum cytokine levels and cytokine-release syndrome severity. (A & B) sIL-2R and IL-10 levels were
significantly higher in grade 2 and 3 CRS than those in grade 0 and 1 CRS. (C & D) Serum IL-6 and CRP showed no
difference between grade 0 and 1 CRS and grade 2 and 3 CRS.
CRP: C-reactive protein; CRS: Cytokine-release syndrome; sIL-2R: Serum soluble IL-2 receptor.

symptoms included fever (>38◦C) and hypotension after CAR T-cell infusion. Two patients were treated with
anti-IL-6 receptor monoclonal antibody and dexamethasone. CRS was positively associated with the level of serum
soluble IL-2 receptor and IL-10 (Figures 3A–B); while there was no significant differences of serum IL-6 and
C-reactive protein levels between patients with no/mild CRS and patients with moderate CRS (Figures 3C–D).
No patients had manifestations of neurotoxicity. The median time of neutrophil and platelet engraftment was
11 days (range: 9 to 12 days) and 14 days (range: 11 to 24 days), respectively. Adverse effects included one patient
developed lasted B-cell aplasia for nearly 1 month, and three patients reported diarrhea. Infection complications
including upper respiratory tract infection, pneumonia and septicemia were observed in three patients who were
then managed by supportive care and antibiotics.

Survival
Median follow-up was 10.28 months (range: 2.43 to 20.4 months) after ASCT and CAR T-cell infusion. To the
observation end point, five of the six CR patients remained in remission without further treatment, and the other
died of food poisoning; two of the five PR patients relapsed in 1.8 and 14.8 months, and one died. Three PD
patients were alive. The median duration of PFS was 14.82 months (95% CI: 0–31.20 months), with PFS rate of
64.29% (95% CI: 39.18–89.40 %) at 6 months. The median OS of the patients was not reached, with 1-year OS
rate of 65.48% (95% CI: 36.00–94.96%) (Figures 4A–B). The first patient in Table 1 died from food poisoning.
She accepted ASCT and anti-CD19 CAR T-cell therapy in 9 January 2017. During anti-CD19 CAR T-cell therapy,
the patient had grade 1 CRS and lasted for a week. 1 month later, PET-CT results showed the patient reached CR
and laboratory test showed that the patient haemogram recovery. However, the patient sought a folk remedy of
traditional Chinese medicine called ‘cinobufagin’ as a diet therapy for consolidation. Due to improper dispensing
and over dose, the patient developed multiple organ failure on 20 March 2017 and died on 24 March 2017.
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Figure 4. Probability of patient progression-free survival and overall survival. (A) Patient median PFS was
14.82 months (95% CI: 0–31.20 months) after ASCT and CAR T-cell sequential treatment. PFS rate at 6 months was
64.29% (95% CI: 39.18–89.40%). (B) Median OS was not reached. OS rate at 1 year was 65.48% (95% CI:
36.00–94.96%). In both (A & B), dotted lines represent 95% CI.
ASCT: Autologous hematopoietic stem cell transplantation; CAR: Chimeric antigen receptor; OS: Overall survival; PFS:
Progression-free survival.

Discussion
This study showed a high response rate to ASCT and anti-CD19 CAR T-cell sequential therapy in RR-DLBCL
patients. The ORR was 78.57% with median duration of PFS 14.82 months (95% CI: 0–31.20 months), with PFS
rate of 64.29% (95% CI: 39.18–89.40%) at 6 months. The median OS of the patients was not reached, with OS
rate of 65.48% (95% CI: 36.00–94.96%) at 1 year. Our results indicated that ASCT and CAR T-cell sequential
therapy compared favorably to ASCT or CAR T-cell therapy alone for RR-DLBCL. Tisagenlecleucel CAR T-cell
therapy for RR-DLBCL showed best overall response rate of 52% (42% CR, 12% PR) [27]. Axicabtagene Ciloleucel
CAR T-Cell therapy showed an objective response of 82%, however, patients PFS rates at 6 months was only 49%
(95% CI: 39–58%), and OS rate at 1 year was 59% (95% CI: 49–68%) [26]. A Phase I clinical trial on central
memory-derived CAR T cell following ASCT in B-cell NHL has reported 13 of 16 (81.25%) patients achieved
CR or continuing CR, and 50–75% patients were progression free at 1 year, but it is hard to assess disease response
by CAR T cell or ASCT alone, as nine of 16 patients were CR before ASCT. However, this clinical trial has
demonstrated the safety and feasibility of successively administering ASCT and CAR T-cell therapy for lymphoma
patients [31]. In the current study, all 14 DLBCL patients were in PD, SD or relapsed after remission, and six patients
obtained CR and five patients PR after ASCT and CAR T-cell sequential therapy. Thus, our findings suggest that
ASCT and CAR T-cell sequential therapy is promising in improving outcomes of RR-DLBCL patients.

ASCT and CAR T-cell sequential therapy could benefit lymphoma patients in three ways. First, ASCT benefits
anti-CD19 CAR T-cell by debulking active disease. Anti-CD19 CAR T-cell has inferior efficacy in lymphoma
and solid tumors. We performed conditioning therapy and ASCT to kill lymphoma cells, reduce tumor volume
and destroy immunosuppressive microenvironment before anti-CD19 CAR T-cell infusion, which could enhance
anti-CD19 CAR T-cells’ function and persistence. Second, ASCT and its conditioning chemotherapy could deeply
deplete lymphocytes that inhibit CAR T-cell function [32]. Several preclinical studies on mouse suggested that the
recipient lymphocyte depletion could improve CAR T-cell efficacy by depleting regulatory T cells [33,34]. Previous
studies reported that lympho-depleting conditioning could improve CAR T-cell antitumor effect, expansion and
persistence, and thus, enhance disease-free survival [35,36]. Third, high-dose chemotherapy and ASCT aggravated
leukopenia that could alleviate CRS [16,30,36]. Several studies reported that myeloid cell derived cytokines, such
as IL-1, IL-6 and GM-CSF, were the major sources of CRS [37–39]. Our results showed that most patients in this
study developed mild or moderate CRS, which might be attributing to myeloid cells and cytokines reduction by
high-dose chemotherapy and ASCT.

There was a wide range of CAR T-cell dose infusion, from 0.74–7.89 × 106/kg. As these patients were RR-
DLBCL patients who had accepted several courses of first- and second-line chemotherapy, patients developed
different level of bone marrow suppression and lymphocyte damage. Therefore, some patients could not obtain
enough PBMNCs and some patients had CAR T-cell expansion insufficient. Though we expected all of the patients
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obtained enough CAR T cells for therapy, these clinical factors restricted our therapy and lead to a discrepancy in
CAR T-cell dose infusion. In this trial, we think some patients did not respond to ASCT and CAR T-cell therapy
for two reasons. First, patients were in PD state before ASCT and CAR T-cell therapy. Lymphoma was rapidly
progress during therapy, which offset ASCT and CAR T-cell efficacy. Second, lymphoma bulky mass cannot be
cleared by ASCT and CAR T-cell and the complex immunosuppressive microenvironment suppressed CAR T-cell
function, the remains of lymphoma developed rapidly. Due to the reasons above, in clinical practice, it would be
better to give high-dose chemotherapy in PD or SD patients to obtain CR or PR, as PD or SD patients could not
get a high possibility of remission in ASCT and CAR T-cell therapy.

Higher serum soluble IL-2 receptor levels correlated with more severe CRS patients observed in the current study,
consistent with earlier reports [17,40]. Besides, we found that IL-10 elevation was also associated with severe CRS,
which has not been well documented. IL-10 was known as an anti-inflammatory cytokine produced by activated
immune cells and mainly target on macrophages [41]. Thus, we assumed that macrophages may be a key element
in CRS development and that increased IL-10 in severe CRS patients might play a protective role by inhibiting
macrophages activation. We did not find any correlation of severe CRS with elevated IL-6 or C-reactive protein,
which were reported in previous studies [17,23,26,42,43].

In this therapy, we combined CAR T cell with ASCT to enhance patients’ remission and prolong duration of
remission. And we are conducting another clinical trial to compare ASCT and CAR T-cell therapy with ASCT
alone in treating RR-DLBCL patients. We hope this trial will give us a clear answer to the question that if patients
with RR-DLBCL could benefit from CAR T cell and ASCT therapy.

Conclusion
The current study demonstrates that ASCT and anti-CD19 CAR T-cell sequential treatment could induce a high
remission rate in RR-DLBCL patients. Our findings support the notion that ASCT and anti-CD19 CAR T-cell
sequential treatment is an effective therapeutic option for RR lymphoma patients.

Summary points

• Relapsed or refractory diffuse large B-cell lymphoma (RR-DLBCL) patients have poor prognosis. High-dose
chemotherapy and Autologous hematopoietic stem cell transplantation (ASCT) are the main salvage therapy for
RR-DLBCL. However, the remission rate is not very high and half of the patients obtained remission after ASCT
finally relapsed. Chimeric antigen receptor (CAR) T-cell therapy has achieved high response rate in RR-DLBCL, but
the duration of remission is not long. To pursue high remission rate and long-term remission for RR-DLBCL, we
have designed the clinical protocol by sequentially infusing ASC and CAR T-cell.

• Fourteen RR-DLBCL were enrolled in this study. Patients received CEAC (semustine, cytarabine, etoposide and
cyclophosphamide) regimen as conditioning therapy and accepted ASCT. During this process, CAR T cells were
prepared and CAR T-cells infusion were scheduled at 6 days after ASCT. Disease assessment were arranged before
ASCT and at 1 month, 3 months, 6 months, 9 months and 1 year after ASCT infusion by PET/computed
tomography or computed tomography.

• A total of 78.57% (11/14) and 71.43% (10/14) patients obtained complete remission or partial remission on 1 and
3 months assessment, respectively. However, 50.00% patients showed grade 2–3 cytokine-release syndrome (CRS)
and no life-threatening adverse effects were observed. Patients’ median duration of progression-free survival was
14.82 months (95% CI: 0–31.20 months), with progression-free survival rate of 64.29% (95% CI: 39.18–89.40 %) at
6 months. The median overall survival of the patients was not reached, with 1-year overall survival rate of 65.48%
(95% CI: 36.00–94.96%).

• Sequentially infusion of ASCT and CAR T cell could destroy immunosuppressive microenvironment of lymphoma,
improve CAR T-cell expansion and persistence, and thus, induce deeper remission. Besides, conditioning therapy
before ASCT could alleviate CAR T-cell caused CRS by depleting myeloid cells and reducing cytokines release, such
as IL-1, IL-6 and GM-CSF.

• IL-2R and IL-10 were associated with severity of CRS. Grade 2–3 patients showed higher serum levels of IL-2R and
IL-10.

• This study demonstrates efficacy and feasibility of ASCT and anti-CD19 CAR T-cell sequential treatment for
RR-DLBCL patients. RR-DLBCL patients showed high response rate. In the near future, ASCT and anti-CD19 CAR
T-cell sequential treatment will be an effective therapeutic option for RR-DLBCL patients.
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