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Anti-CD19 chimeric antigen receptor T (CAR-T) therapy has achieved remarkable effects in refractory/relapsed (R/R) diffuse large B-cell lymphoma (DLBCL). However, when high tumor bulk occurs, patients tend to early progression after CAR-T therapy. Here, we investigated whether pretreatment with intensive debulking chemotherapy could improve the outcome of CAR-T in such patients. Fifty-seven patients with R/R DLBCL were enrolled, and 42 patients received anti-CD19-CAR-T therapy, among which, 25 patients (the combined group) with high tumor bulk received debulking chemotherapy and anti-CD19-CAR-T therapy sequentially. Another 17 patients (the control group) without high tumor bulk received anti-CD19-CAR-T therapy only. According to the response to debulking chemotherapy, patients of the combined group were divided into chemo-sensitive and chemo-refractory groups. Within 2 months, the objective response rate (ORR) was higher in the chemo-sensitive group than in the chemo-refractory group (P = 0.031). Grades 1–3 cytokine release syndrome (CRS) was reported, and no difference was shown in CRS grade distribution between the chemo-sensitive and chemo-refractory groups (P = 0.514). The chemo-sensitive group demonstrated longer overall survival (OS) than the chemo-refractory group (P = 0.042). Of the chemo-sensitive group, the 1-year disease free survival (DFS) and OS rates were 52.6 and 57.9%, respectively. Besides, no significant differences were found in ORR, DFS, and OS between the chemo-sensitive and control groups (ORR: P = 0.593; DFS: P = 0.762; OS: P = 0.531). In summary, effective debulking chemotherapy improved the short-term ORR and long-term OS of CAR-T therapy in R/R DLBCL with high tumor bulk, with outcomes comparable to those of R/R DLBCL without high tumor bulk. The clinical trial of our study was registered at http://www.chictr.org.cn/index.aspx as ChiCTR-ONN-16009862 and ChiCTR1800019622.


Clinical Trial Registration

http://www.chictr.org.cn/index.aspx, identifier (ChiCTR-ONN-16009862 and ChiCTR1800019622).
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Introduction

Refractory/relapsed (R/R) diffuse large B-cell lymphoma (DLBCL) has poor therapeutic response and prognosis. The standard treatment for R/R DLBCL involves high-dose chemotherapy followed by autologous stem cell transplantation (1). However, the long-term remission rate associated with such treatment is only 10–20% (2, 3).

Anti-CD19 chimeric antigen receptor T (CAR-T) therapy has shown significant effects in B-cell malignancies. Data from the ZUMA-1 and JULIET studies have reported objective response rates (ORR) of 50–80% and complete response (CR) rates of 30–50% in B-cell lymphomas (4, 5). The NCCN guidelines (version 4.2019) have recommended CAR-T therapy for DLBCL patients achieving partial response (PR) following second-line therapy and for those with disease relapse after achieving CR to second-line therapy or progressive disease (PD).

CAR-T therapy is often associated with potentially fatal toxicities, including cytokine release syndrome (CRS) and neurologic toxicities, especially in cases with high tumor burden (6–8). In addition, high metabolic tumor volume has been identified as a predictive factor of early progression in CAR-T therapy for DLBCL (9).

Radiotherapy has been used to debulk tumor burden before the initiation of anti-CD19-CAR-T therapy and has shown some efficacy (10, 11). For patients with lymphoma who are not suitable for local radiotherapy, we hypothesized that the efficacy of anti-CD19-CAR-T therapy may be improved by reducing the tumor burden with intensive chemotherapy beforehand. We had previously proved that anti-CD19-CAR-T therapy in R/R B-cell acute lymphoblastic leukemia (B-ALL) was associated with high treatment response and manageable toxicities following intensive lymphodepleting chemotherapy (12).

Intensive chemotherapy is often used for R/R DLBCL with regimens, such as DHAP (dexamethasone, cisplatin, and cytarabine) (13), DA-EPOCH (dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin) (14, 15), ICE (ifosfamide, carboplatin, and etoposide) (16–18) and GemOx (gemcitabine and oxaliplatin) (19–22). Since many patients with R/R DLBCL with high tumor bulk have experienced a transient reduction in tumor burden after intensive chemotherapy, we hypothesized that early treatment to reduce the tumor burden in such patients would improve the curative effects of anti-CD19-CAR-T therapy.

Our study therefore aimed to investigate the effects of intensive debulking therapy on the outcomes of anti-CD19-CAR-T therapy in patients with R/R DLBCL with high tumor bulk. In our study, twenty-five such patients were enrolled and underwent humanized anti-CD19-CAR-T therapy following intensive chemotherapy. Our results demonstrated that effective debulking chemotherapy improved the short-term ORR and long-term overall survival (OS) of anti-CD19-CAR-T therapy in such patients.



Patients and Methods


Study Participants

Our study was a single-center retrospective study involving patients with R/R DLBCL. The R/R DLBCL diagnosis was made based on the 2008 World Health Organization guidelines. To be eligible for enrollment, patients had to previously receive at least two lines of therapy and either had a relapse after or were ineligible for autologous transplantation. Patients were enrolled in clinical trials of anti-CD19-CAR-T cells expressing humanized anti-CD19 scFv and 4-1BB-CD3ζ costimulatory-activation domains (ChiCTR-ONN-16009862 and ChiCTR1800019622). Patients were excluded if they had previously received anti-CD19-CAR-T therapy. The study was approved by the Ethics Committee of Tianjin First Central Hospital, and all participants provided written informed consent in accordance with the Declaration of Helsinki. Follow-ups were performed from the date of anti-CD19-CAR-T cell infusion to either the cutoff date (November 30, 2020) or the date of death.



Generation and Detection of Anti-CD19-CAR-T Cells

CAR-T cells were manufactured as described in our previous study (23). The detailed methods were as follows: peripheral blood mononuclear cells (PBMCs) were collected and isolated by Ficoll density gradient centrifugation. CD3+ T cells were selected by CD3 microbeads (Miltenyi Biotec, Cambridge, MA, USA), stimulated by anti-CD3/anti-CD28 mAb-coated Human T-Expander beads (Cat.no. 11141D; Thermo Fisher Scientific, Waltham, MA, USA) and cultured in T-cell medium X-Vivo 15 (Lonza Group, Ltd., Basel, Switzerland) supplemented with 250 IU/ml interleukin-2 (IL-2; Proleukin; Novartis International AG, Basel, Switzerland). All the CD3+ T cells (3 × 106) were transduced with a lentiviral vector encoding humanized CD19 CAR constructs (10 μg, lenti-CD19-2rd-CAR; Shanghai Genbase Biotechnology Co., Ltd., Shanghai, China) and cultured in media containing recombinant human IL-2 (250 IU/ml). On the 12th day of cultivation, transduction efficiencies of anti-CD19-CAR were analyzed by flow cytometry (FCM) (BD Biosciences, San Jose, CA, USA).



Debulking Chemotherapy and Anti-CD19-CAR-T Cell Infusion

To decrease tumor burden, patients with high tumor bulk were first subjected to intensive debulking chemotherapy after leukapheresis. The chemotherapy regimens contained DHAP, DA-EPOCH, and ICE, to which the patients were previously sensitive. Polyethylene-glycolated recombinant human colony granulocyte stimulating factor therapy (6 mg) was administered to all patients 48 h after debulking chemotherapy. Patients were given recombinant human thrombopoietin or recombinant human interkeulin-11 to prevent the occurrence of severe thromocytopenia. From day −4 to day −2, patients with high tumor bulk received fludarabine (30 mg/m2), whereas those without high tumor bulk (the control group) received fludarabine (30 mg/m2) and cyclophosphamide (400 mg/m2) as lymphodepleting chemotherapy. Humanized anti-CD19-CAR-T cell infusion (2 × 106/kg) was eventually initiated on day 0 (The day on which CAR-T cells were infused was numbered as day 0.) (Figure 1).




Figure 1 | Schematic diagram showing the strategy for the treatment of patients in the combined group. Patients were given debulking chemotherapy and lymphodepleting chemotherapy sequentially, and then received anti-CD19-CAR-T therapy.





The Efficacies of Intensive Debulking Chemotherapy and Subsequent Anti-CD19-CAR-T Therapy

The efficacy of intensive debulking chemotherapy was evaluated on the day of anti-CD19-CAR-T cell infusion (before infusion) via computed tomography examination, whereas that of anti-CD19-CAR-T therapy was evaluated within 2 months of initiation. The curative effects of both therapies were assessed according to the Lugano Revised Criteria for Response Assessment (24). This clinical response standard included CR, PR, stable disease (SD), and PD. The primary end point was the ORR within 2 months after anti-CD19-CAR-T cell infusion. Secondary end points included adverse events, disease free survival (DFS), and OS.



Adverse Events

The grade of CRS was determined as previously described (25). Adverse events were graded according to the Common Terminology Criteria for Adverse Events, version 4.03, set by the US Department of Health and Human Services. Immune effector cell-associated neurotoxic syndrome (ICANS) grades were evaluated in accordance with the American Society for Blood and Marrow Transplantation (ASBM) ICANS Consensus Grading for Adults (26).

Infectious complications were evaluated on the basis of body temperature and infectious biomarkers such as high-sensitivity C-reactive protein (hs-CRP), procalcitonin (PCT), 1,3-beta-D glucan (G test), and Galactomannan antigen (GM test). Epstein–Barr virus testing and cytomegalovirus DNA testing were also performed in some patients.



Serum Cytokine Levels After Anti-CD19-CAR-T Cell Infusion

Serum cytokine levels were measured on days 0, 4, 7, 14, and 21 using the double antibody one-step sandwich enzyme-linked immunosorbent assay (ELISA) method. The measured cytokines included interleukin-2R (IL-2R), IL-6, IL-10, and tumor necrosis factor-α (TNF-α).



Expansion and Persistence of Anti-CD19-CAR-T Cells

The proportion of anti-CD19-CAR-T cells in CD3+ T cells was observed by FCM on days 0, 4, 7, 14, 21, 28, and 60 after anti-CD19-CAR-T cell infusion.



Statistical Analysis

Statistical analyses were performed with GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA). All values were expressed as mean ± SD unless otherwise indicated. Unpaired Student’s t-test was used to compare quantitative values between groups. Categorical variables were compared by χ2 test or Fisher’s exact test. CRS was compared by Mann–Whitney rank. The probabilities of DFS and OS were estimated using the Kaplan–Meier method and were compared using the log-rank test. P <0.05 was considered statistically significant.




Results


Patient Characteristics

Between September 2018 and August 2020, 75 patients were screened, and 57 were enrolled. Of the enrolled patients, 15 patients (the chemotherapy group) with high tumor bulk did not participate in anti-CD19-CAR-T therapy after debulking chemotherapy due to personal preference. The remaining 42 (79%) patients received anti-CD19-CAR-T therapy, among which, 25 patients (the combined group) had at least one report of high tumor bulk (tumor diameter ≥7.5 cm), another 17 patients (the control group) without high tumor bulk who received the same anti-CD19-CAR-T therapy were included as controls (Figure 2). The baseline characteristics of patients in the combined group are presented in Table 1. Other than the maximum diameter, there were no differences in age, sex, cell origin of cancer, stage, IPI scores, primary lines of chemotherapy between the combined and control groups (Table 2). No significant differences of baseline characteristics were found between the chemotherapy and combined groups (Supplemental Table S1).




Figure 2 | Screening, enrollment, and treatment of patients. Among the 75 patients under screening, 18 decided not to participate. Among the 57 enrolled patients, 15 patients with high tumor bulk received debulking chemotherapy only and declined further CAR-T participation.




Table 1 | Baseline characteristics of patients in the combined group.




Table 2 | Comparison of baseline characteristics of patients between the combined and control groups.





Transduction Efficiency, Amplification, and Infusion of Anti-CD19-CAR-T Cells

The mean anti-CD19-CAR transduction efficiencies in the final products were 55.21 ± 12.03% and 57.45 ± 11.35% in the combined and control groups, respectively (P = 0.3752). After 12–15 days of culture, the mean number of anti-CD19-CAR-T cells was (8.30 ± 3.42) × 106 cells/kg and (7.69 ± 3.28) ×106 cells/kg in the two groups, respectively (P = 0.4387). The mean dose of humanized anti-CD19-CAR-T cell infusion on day 0 was (2.06 ± 0.44) ×106 cells/kg.



Efficacy and Toxicities of Intensive Debulking Chemotherapy

In the combined group, significant shrinkage in tumor bulk with concomitant relief in clinical symptoms was observed in 19 (19/25) patients (the chemo-sensitive group), although PR was not reached [≥50% decrease in the sum of the products of the greatest diameters (SPD) in less than six target measurable nodes and extranodal sites]. In contrast, tumor bulk shrinkage was not observed in the other six (6/25) patients (the chemo-refractory group), with the stage of SD (Supplemental Table S2). Details of the intensive debulking chemotherapy regimen are shown in Supplemental Table S2. There were no significant differences in age, sex, cell origin of cancer, stage, IPI scores, primary lines of chemotherapy, and maximum tumor diameter between the chemo-sensitive and chemo-refractory groups (Supplemental Table S3).

In the chemotherapy group, the intensive debulking chemotherapy regimen included DHAP (8/15), DA-EPOCH (4/15), and ICE (3/15). Significant shrinkage in tumor bulk with concomitant relief in clinical symptoms was observed in 11 (11/15) patients, whereas tumor bulk shrinkage was not observed in other 4 (4/15) patients. There was no difference in the percentage of sensitivity to chemotherapy between the chemotherapy and combined groups (P = 1.000).

Debulking chemotherapy was well-tolerated in all patients. In the combined group, only one patient (P19#) reported hypocalcemia, hyperphosphatemia, and high levels of blood urea nitrogen, creatinine, and uric acid after debulking chemotherapy, which all returned to normal soon. No tumor lysis syndrome occurred in the remaining 24 patients, and their maximum serum potassium, calcium, phosphorus, blood urea nitrogen, creatinine, and uric acid levels remained within normal ranges (Supplemental Table S2). Besides, five patients had grade 3/4 neutropenia, four had grade 3/4 thrombocytopenia, and three had grade 3/4 anemia (Supplemental Table S4). Only two patients with grade 3/4 neutropenia were diagnosed with gram-negative bacterial infections, which were cured by anti-infective therapy.

In the chemotherapy group, no tumor lysis syndrome occurred, and four patients had grade 3/4 neutropenia, four had grade 3/4 thrombocytopenia, and two had grade 3/4 anemia. Three patients with grade 3/4 neutropenia were diagnosed with gram-negative bacterial infections, which were cured by anti-infective therapy.



Clinical Response of Anti-CD19-CAR-T Therapy

All patients were evaluated within 2 months of anti-CD19-CAR-T cell infusion. The chemo-sensitive group achieved an ORR of 95.0% (18/19) and a CR rate of 68.4% (13/19). The chemo-refractory group reported an ORR of 50.0% (3/6), with three patients achieving PR and three achieving PD (Figure 3A). The ORR was significantly higher in the chemo-sensitive group than in the chemo-refractory group (P = 0.031). In the control group, the ORR was 88% (15/17), which was not significantly different from that of the chemo-sensitive group (P = 0.593) (Figure 3A).




Figure 3 | Clinical response, CRS grades, and proportions of anti-CD19-CAR-T cells. (A) Clinical responses were shown in histogram. ORR, objective response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. (B) Clinical response and CRS grades of patients in the combined group. Patients in the green circle were sensitive to the debulking chemotherapy, whereas patients in the red circle did not. (C) The proportions of anti-CD19-CAR-T cells of patients in the combined group on days 0, 4, 7, 14, 21, 28, and 60.



It was worth noting that among the 25 patients in the combined group, all patients with CR responded to debulking chemotherapy, whereas all patients with PD did not (P = 0.002). This suggests that only patients who have achieved CR benefited from debulking chemotherapy, while the PD patients did not.



Adverse Events of Anti-CD19-CAR-T Therapy

Among the patients in the combined group, four who achieved CR or PR following anti-CD19-CAR-T therapy were diagnosed as having grade 3 CRS, whereas all other patients developed grade 1–2 CRS (Figure 3B). No patients developed ICANS, and no patients died of CRS or ICANS. There were no significant differences in the distribution of CRS grades between the chemo-sensitive and chemo-refractory groups (P = 0.514) (Figure 4A). In the control group, twelve patients had grade 1 CRS, four had grade 2 CRS, and one had grade 3 CRS. Similarly, there were no significant differences in the CRS grade distribution between the chemo-sensitive and control groups (P = 0.114) (Figure 4A).




Figure 4 | Comparison of CRS, cytokine levels, and the peak of CAR-T cells between the chemo-sensitive, chemo-refractory, and control groups. No significant differences were found in CRS (A, P = 0.514), IL-2R (B, P = 0.5137), IL-6 (C, P = 0.7894), IL-10 (D, P = 0.4479), and TNF-α (E, P=0.5940) between the chemo-sensitive and chemo-refractory groups, whereas statistical differences were observed in the peak of CAR-T cells between the two groups (F, P = 0.0417). No significant differences were found in CRS (A, P = 0.114), IL-6 (C, P = 0.3908), IL-10 (D, P = 0.8638), TNF-α (E, P = 0.2573), and the peak of CAR-T cells (F, P = 0.5074) between the chemo-sensitive and control groups, whereas statistical differences were observed in IL-2R between the two groups (B, P = 0.0117). CRS was compared by Mann–Whitney rank. Unpaired Student’s t-test was used to compare the cytokine levels and the peak of CAR-T cells.



During anti-CD19-CAR-T therapy, symptoms, such as fever, tachycardia, tachypnea, nausea, vomiting, and diarrhea were reported. Cases of hepatotoxicity and kidney injury were mild and transient. Among the patients in the combined group, twenty-one patients had grade 3/4 neutropenia, eleven had grade 3/4 thrombocytopenia, and eight had grade 3/4 anemia (Table 3 and Supplemental Table S4). Hematological toxicities were recovered within 2 weeks. There were no significant differences in the incidences of grade 3/4 hematological toxicities between the chemo-sensitive and chemo-refractory groups (neutropenia: P = 0.694; thrombocytopenia: P = 0.548; anemia: P = 0.651). In the chemo-sensitive group, significantly higher incidence of grade 3/4 neutropenia was observed among patients with CR than those with PD and SD (P = 0.007).


Table 3 | Notable adverse events of anti-CD19-CAR-T therapy in patients of the combined group.



Among the patients in the combined group, 84% (21/25) had fever (temperature ≥ 38°C) following anti-CD19-CAR-T cell infusion. One patient (P8#) was diagnosed with Staphylococcus epidermidis infection and was successfully treated with anti-infection treatment. Three patients (P9#, P10#, and P14#) developed fever with elevated hs-CRP and PCT levels, but without specific pathogens identified. The remaining 17 patients developed fever without elevated PCT levels, with negative G and GM test results, and with no evidence of infection. Invasive fungal diseases were not observed in any of the patients.



Serum Cytokine Levels Following Anti-CD19-CAR-T Cell Infusion

The serum levels of IL-2R, IL-6, IL-10, and TNF-α peaked from days 4 to 7, and subsequently declined from days 12 to 14 after the anti-CD19-CAR-T cell infusion. There were no significant differences between the chemo-sensitive and chemo-refractory groups (IL-2R: P = 0.5137; IL-6: P = 0.7894; IL-10: P = 0.4479; TNF-α: P = 0.5940, Figures 4B–E). Serum IL-2R levels were significantly higher in the chemo-sensitive group than in the control group (P = 0.0117), whereas no differences were found in serum IL-6, IL-10, and TNF-α levels between these two groups (IL-6: P = 0.3908; IL-10: P = 0.8638; TNF-α: P = 0.2573, Figures 4B–E).



Expansion of Anti-CD19-CAR-T Cells

The proportion of anti-CD19-CAR-T cells in CD3+ T cells was observed throughout the anti-CD19-CAR-T therapy. Among the patients in the combined group, the average peak of anti-CD19-CAR-T cells was 13.74 ± 10.45% on days 7–14. This dropped to 0.64 ± 0.51% on day 28, and further declined to 0.20 ± 0.26% on day 60 (Figure 3C). The average peak of anti-CD19-CAR-T cells was higher in the chemo-sensitive group than in the chemo-refractory group (16.65 vs 4.51%, P = 0.0097), whereas no differences were observed between the chemo-sensitive and control groups (P = 0.5074) (Figure 4F).



Follow-Up

The median follow-up time was 7 months (range: 3–21 months). Among the patients in the combined group who achieved CR during anti-CD19-CAR-T therapy, ten patients (10/13) survived until the cutoff date, whereas three (3/13) died of disease relapse. Only one (1/8) patient who achieved PR following this combination therapy survived until the cutoff date. All patients who achieved SD and PD died of disease progression (Figure 5).




Figure 5 | Follow-up of patients in the combined group. P4#, P5#, P9#, P11#, P12#, P15#, P17#, P20#, P21#, and P22# maintained CR, and allo-HSCT was carried out in P5#; P24# maintained PR; P1#, P3#, P6#, P7#, P8#, P10#, P13#, P14#, P16#, P18#, P19#, P23#, and P25# died of the original disease, P2# died of other factors. HSCT, hematopoietic stem cell transplantation.



By the cutoff date, both median DFS and OS were not achieved in the chemo-sensitive and control groups. Of the chemo-sensitive group, the 1-year DFS and OS rates were 52.6 and 57.9%, respectively. The median OS of the chemo-sensitive group was longer than that of the chemo-refractory group (P = 0.042), whereas there were no differences in DFS between the two groups (P = 0.064). Furthermore, no significant differences in DFS and OS were observed between the chemo-sensitive and control groups (DFS: P = 0.762; OS: P = 0.531) (Figures 6A, B). Besides, DFS and OS of the combined group were significantly longer than that of the chemotherapy group (DFS: P = 0.007; OS: P = 0.032) (Figures 6C, D).




Figure 6 | Comparison of DFS and OS. (A) The median DFS of the chemo-sensitive and control groups was not achieved, and the median DFS of the chemo-refractory group was 5.0 months (95% confidence interval 3.2–6.8). No differences were observed in DFS between the chemo-sensitive and chemo-refractory groups (P = 0.064), neither between the chemo-sensitive and control groups (P = 0.762). (B) The median OS of the chemo-sensitive and control groups was not achieved, and the median OS of the chemo-refractory group was 5.0 months (95% confidence interval 3.2–6.8). The median OS of the chemo-sensitive group was longer than that of the chemo-refractory group (P = 0.042), no differences were observed in OS between the chemo-sensitive and control groups (P = 0.531). (C) The median DFS of the chemotherapy and combined groups was 5 months (95% confidence interval 4.3–5.7) and 7 months (95% confidence interval 5.8–8.2), respectively (P = 0.007). (D) The median OS of the chemotherapy and combined groups was 5 months (95% confidence interval 4.3–5.7) and 7 months (95% confidence interval 5.8–8.2), respectively (P = 0.032). DFS and OS were estimated using the Kaplan–Meier method and were compared using the log-rank test. DFS, disease free survival; OS, overall survival.






Discussion

CAR-T therapy represents a novel treatment choice for patients with R/R DLBCL. As previous correlative analyses have largely focused on the toxicity of CAR-T therapy, the factors associated with the durable response of such treatment remain incompletely elucidated. The number of treatment lines before CAR-T therapy and C-reactive protein (CRP) >30 mg/l at the time of lymphodepletion has been reported to associate with poor progression-free survival (PFS) in R/R aggressive B-cell lymphoma, and CRP >30 mg/L further associated with shorter OS (27). Patients with poor Eastern Cooperative Oncology Group performance status scores of 2–4 and elevated lactate dehydrogenase levels had shorter PFS and OS (28). The ZUMA-1 study demonstrated that durable treatment response was associated with low baseline tumor burden, low systemic inflammation, and high CCR7+CD45RA+ T cell product in patients with refractory large B-cell lymphoma treated with axicabtagene ciloleucel (29). Another study demonstrated that patients with R/R DLBCL with high tumor burden experienced poor long-term outcomes after CAR-T therapy and tended to develop early progression (9).

In our clinical study of patients with R/R DLBCL with high tumor bulk, intensive chemotherapy was administered to debulk tumor burden prior to the anti-CD19-CAR-T therapy. We found that the chemo-sensitive group with decreased tumor burden demonstrated higher ORR within 2 months and longer OS than the chemo-refractory group. Besides, no differences were found in ORR, DFS, and OS between the chemo-sensitive and control groups, indicating that the short- and long-term efficacy of anti-CD19-CAR-T therapy of the chemo-sensitive group was comparable to those of the control group. This suggests that effective debulking chemotherapy improves the short- and long-term efficacy of anti-CD19-CAR-T therapy in R/R DLBCL with high tumor bulk.

Besides, in our study, 15 patients (the chemotherapy group) with high tumor bulk received debulking chemotherapy only, and 25 patients with high tumor bulk received debulking chemotherapy and CAR-T infusion sequentially (the combined group). DFS and OS of the combined group were significantly longer than that of the chemotherapy group. This suggests that sole intensive debulking chemotherapy cannot change the outcome of patients with high tumor bulk with R/R DLBCL, whereas intensive debulking chemotherapy combined with CAR-T therapy supplies a new effective treatment regimen for such patients.

Higher tumor burden in the bone marrow has been established as a risk factor for toxicity in both patients with B-ALL receiving anti-CD19-CAR-T therapy (8) and patients with multiple myeloma receiving anti-B-cell maturation antigen (BCMA)-CAR-T therapy (30, 31). No reports currently exist on the association between higher tumor burden and the development of severe CRS and severe neurotoxicities in non-Hodgkin lymphoma (7). In our study, no differences were found in the distribution of CRS grades between the chemo-sensitive and chemo-refractory groups, neither were there any differences in the serum levels of IL-2R, IL-6, IL-10, and TNF-α.

There are currently no reports on the association between severe cytopenia and CAR-T therapy response. In the chemo-sensitive group of our study, the patients with CR had significantly higher percentages of grade 3/4 neutropenia than those with PD and SD. However, these data may be biased by the small sample size, and a larger cohort is hence needed to validate this relationship. Moreover, grade 3/4 neutropenia occurred following debulking chemotherapy in four patients of the chemo-sensitive group and did not return to normal on the day of CAR-T cell infusion, which may represent another bias factor.

In conclusion, our study demonstrated that effective debulking chemotherapy improved the short-term ORR and long-term OS of anti-CD19-CAR-T therapy in patients with R/R DLBCL with high tumor bulk, with outcomes comparable to those of patients with R/R DLBCL without high tumor bulk. Effective debulking chemotherapy should therefore be administered to patients with R/R DLBCL with high tumor bulk prior to anti-CD19-CAR-T therapy to decrease tumor burden and thereby improve the short- and long-term efficacy of anti-CD19-CAR-T therapy. Our study provides an effective treatment strategy for R/R patients with DLBCL with high tumor bulk.
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