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Relapsed/refractory (R/R) mantle cell lymphoma (MCL) with primary drug resistance to Bruton tyrosine kinase inhibitor and mutated TP53 responds poorly to conventional treatments. Chimeric antigen receptor (CAR) T cell therapy has emerged as one of the most effective treatments for R/R B cell lymphoma. However, no reports of CD5 CAR T cell treatment for MCL have been reported. In this paper, we report a R/R MCL patient with primary drug resistance to BTK inhibitors and TP53 mutation enrolled in a human CD5 CAR T cell trial. Remission of the primary disease was observed half a month after CAR T cell infusion. However, ascites was observed 2 weeks later. Flow cytometry suggested disease progression and immunophenotypic transformation. CD5 in CAR T cells turned negative and the expression of CD38 was enhanced. The patient was treated with a combination of daratumumab and Gemox (gemcitabine + oxaliplatin), abdominal distension and pain were markedly reduced, and ascites disappeared. We report the first case of human CD5 CAR T cell treatment for a patient with R/R MCL, providing insight on treatment strategies for such patients.
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Introduction

Mantle cell lymphoma (MCL) is an incurable mature B-cell lymphoma that accounts for 2–6% of all non-Hodgkin lymphomas in Asian populations, combining the unfavorable clinical features of aggressive and indolent lymphomas (1, 2). Chromosomal translocation of t (11;14) (q13;q32) and overexpression of cyclin D1 (CCND1) are characteristic. Despite the emergence of new targeted drugs, such as Bruton tyrosine kinase inhibitors, that have markedly improved the outcomes of patients with relapsed/refractory (R/R) MCL, it remains incurable. Approximately one-third of the patients have primary drug resistance while others appear to develop acquired resistance.  (3) MCL with primary drug resistance to BTK inhibitors, or those with disease progression during BTK inhibitor treatment, have an extremely poor prognosis, with an objective response rate (ORR) as low as 25% and a median overall survival (OS) of only 6 months after salvage treatment (4). Additionally, patients presenting with primary drug resistance to BTK inhibitor and the TP53 mutation respond poorly to conventional treatments, including bone marrow transplantation; therefore, new treatments are needed for this subset of patients. Chimeric antigen receptor (CAR) T cell therapy has emerged as one of the most effective treatments for R/R B cell lymphoma (5). In the ZUMA-2 trial, 68 patients with R/R MCL underwent CAR T cell treatment, ORR was 93%, and complete remission rate was 67%, with estimated 12-month progression-free survival and OS rates of 61% and 83%, respectively (6). The US Food and Drug Administration has achieved a milestone by approving brexu-cel for R/R MCL immunotherapy; however, brexu-cel is currently not listed in China. CD5 is constitutively expressed in normal T cells and is present in 85% of T-cell malignancies (7). It is also frequently expressed in some B-cell malignancies (8, 9). A previous study evaluating CD5 CAR T-cell treatment of R/R T cell lymphoma/leukemia achieved a 44% ORR with a satisfactory safety profile (7), consistent with the findings of several other investigations. However, to our knowledge, there have been no reports of CD5 CAR T-cell treatment for MCL. Here, we report on the first case of human CD5 CAR T-cell treatment for a 36-year-old patient with R/R MCL who experienced rapid tumor recurrence due to immunophenotypic transformation. We present this report with the goal of providing information on treatment strategies for patients with a similar disease presentation.



Case report

A 36-year-old man was diagnosed with stage IVA MCL (Ann Arbor staging) at the local hospital in November 2019. The international prognostic index score of MCL was 2, and bone marrow infiltration was observed. Immunohistochemistry indicated CD20+, CD5+, cyclin D1+, and Ki-67 (30%+). Next-generation sequencing (NGS) indicated TP53 c.524G>A of 54.50%, KMT2D c.6010C>T of 29.10% and NOTCH1 c.5244C>G of 10.14%. The patient underwent standard-dose RCHOP/RDHAP chemotherapy and autologous hematopoietic stem cell transplantation. Disease relapse was noted in January 2021, with disease progression after receiving ibrutinib and standard dose RBAC 500 chemotherapy. The clinical treatment timeline of this patient is shown in Figure 1A.




Figure 1 | (A)Timeline of key clinical events in this case. (B) The positron emission tomography-CT scan images of  this patient before CAR T. (C) flow cytometry analysis before and after CAR T.



In June 2021, the patient was admitted to our hospital for CAR T cell treatment. Positron emission tomography/computed tomography indicated multiple lymphadenopathies and elevated metabolic activity throughout the body (Figure 1B). The flow cytometry results of lymph node tissues indicated that 92% of the cells were large monoclonal abnormally mature B lymphocytes expressing CD19, CD22, CD5, CD20, and CD38 (partially weakly positive), with some expressing CD10 and Ki67 (73.3%+) (Figure 1C). NGS of the peripheral blood circulating tumor DNA (ctDNA) indicated that the TP53 c.524G>A (p. Arg175His) mutation was found in 33.70% of the cells, while the KMT2D c.6010C>T (p. Gln2004Ter) mutation was found in 17.00% of the cells (Figures 2A, B). The patient had a 46XY karyotype and was enrolled in a human CD5 CAR T-cell trial, with his informed consent, at the time of this case presentation. He received lymphodepletion chemotherapy with the FC regimen (fludarabine 30 mg/m2 and cyclophosphamide 500 mg/m2) on 29 July 2021, for 3 days (day 2 to day 4), followed by CAR T cell infusion at a dose of 2*106 cells/kg on 2 August 2021. The patient developed grade 1 cytokine release syndrome (CRS), with minimal elevations in interleukin-6 and ferritin concentrations (Figure 3A). The CAR T cells were well expanded (Figure 3B). The function of CD5-positive and CD5-negative T lymphocytes was monitored during treatment. The results showed that before CAR T cell infusion, CD5+IFN-γ+T lymphocytes accounted for 37.8% of the total T lymphocytes. After treatment with CAR T-cells, CD5-IFN-γ+T lymphocytes accounted for 78.1% of the total T lymphocytes (Figure 3C), and the positive rate of IFN-γ had increased significantly, indicating that the cytotoxic function of T cells was majorly enhanced. CD5 has been reported to be a negative regulator of T cell receptor signaling and has a protective effect on autoimmunity (10, 11). CD5 deletion can enhance the antitumor effect of the CAR T cell-targeted antigens (12, 13). The changes in T cell function in our patient treated with CD5 CAR T cells are consistent with the results reported in the literature.




Figure 2 | DNA high-throughput sequencing results and analysis. (A) Schematic models of evolutionary progression before and after CAR T cell infusion. Germline clones, primary dominant  clones, and secondary dominant clones are represented in creamy white, red, and blue, respectively. (B) References and VAFs of DNA mutations investigated by NGS. An NGS panel with 129 target genes was employed for analysis of the DNA samples. (C) Partial sequence chromatograms of the gDNA amplified fragment showing the junction position of the MYC and ARHGAP10 genes (vertical dotted line). In the MYC-ARHGAP10 fusion gene, intergenic region of MYC (chr8:128755276) was fused in frame with intronic region of ARHGAP10 (chr4:148894907). (D) Partial sequence chromatograms of the gDNA amplified fragment showing the junction position of the MYC and LOC101928551 genes (vertical dotted line). In the MYCLOC101928551 fusion gene, intergenic region of MYC(chr8:128755191) was fused in frame with ncRNA intronic region of LOC101928551 (chr4:175788115).






Figure 3 | (A) Levels of IL-6 and ferritin after CAR T cell therapy. (B) CAR-5 transgene copy numbers detected by ddPCR. (C) CD3+ CD5+/CD5-T cell accounted for total T cell%; INF-γ secreted by CD5 positive T lymphocytes before infusion accounted for 37.8% of the total T lymphocytes secreted; INF-γ secreted by CD5-negative T lymphocytes accounted for 79.1% of the total T lymphocytes secreted after infusion. (D) Fluorescence in situ hybridization of ascites C-MYC (8q24) break apart probe, IGH/CMYC/CSP8t(8;14), P53/CSP17 (17p13), GH/CCND1t(11;14).



Reexamination of the efficacy using computed tomography on day 14 indicated PR. On day 25 (27 August 2021), the patient returned to the hospital due to abdominal distention and pain. Ultrasound showed massive ascites; ascitic fluid flow cytometry results indicated 90.6% of the cells were monoclonal abnormally mature large B lymphocytes that did not express CD5 or CD20 (Figure 1C). Fluorescence in situ hybridization suggested the patient’s abnormal cells were polyploid, with positive IgH/CCND1 fusion and +17 chromosomes (Figure 3D). NGS indicated TP53 c.524G>A (p. Arg175His) of 98.6%, KMT2D c.6010C>T (p. Gln2004Ter) of 48.8%, IgH-CCND1 rearrangement of 97.08%, MYC-LOC101928551 rearrangement of 61.87%, and MYC-ARHGAP10 rearrangement of 55.56%. There was no mutation in IGHV4-34 (Figures 2C, D). Considering the above-mentioned findings and the strong expression of CD38 in B-cell lymphoma cells in ascitic fluid, the patient was treated with a regimen of daratumumab + Gemox (gemcitabine + oxaliplatin) on 1 September 2021, and his abdominal distention and pain were significantly reduced, and ascites disappeared. Unfortunately, the patient gave up further treatment for his own reasons and was discharged from the hospital. The follow-up results indicated that the patient died after 2 months, and the specific cause of death was unknown.



Discussion

Research to date indicates that CAR T cell therapy targeting CD5 has good prospects for clinical application, not only for the treatment of T cell malignancies but also for CD5-expressing B cell malignancies, such as MCL, diffuse large B cell lymphoma, chronic lymphocytic leukemia, and small lymphocytic lymphoma (14–16). Our medical center created CAR-T cells uniquely targeting CD5 for the treatment of CD5+ lymphoma and, to our knowledge, was the first center to use these cells in patients with R/R MCL. No severe infections occurred after treatment, CRS and CAR-T cell-relevant encephalopathy syndrome (CRES) were well controlled, CAR T cells expanded well, and the patient achieved PR 2 weeks after treatment. After 4 weeks, the patient developed an immunophenotypic transformation, with CD5 and CD20 becoming negative; however, the intensity of expression of CD10 and CD38 increased significantly.

CD5 CAR T cells can induce T cell dysplasia, and long-term T cell dysplasia increases the likelihood of infection in patients (17, 18). However, a recent clinical trial showed that CD5 CAR T cell treatment for lymphoma does not cause life-threatening immunodeficiency (4). There is currently no precedent for MCL treatment with CAR T cells targeting CD5. Several patients at our center with R/R lymphoma have undergone CD5 CAR T-cell treatment. We observed that the infection status of all patients after CD5 CAR T cell treatment did not differ significantly from that of patients who received CAR T cell treatments with other targets. After CAR T cell treatment of the current patient, IFNγ secretion was significantly increased in CD5-negative T lymphocytes. CD5-negative T lymphocytes may also serve some function, but more research is needed to elucidate differences in the functions of CD5+ and CD5- lymphocytes.

Immunophenotypic transformation of MCL during treatment is rare. Two groups of tumor cells have previously been detected simultaneously in a patient with double-hit MCL, both of which carried IgH-CCND1 rearrangements and TP53 mutations. CD19 +/CD10 + cells carried MYC/IGH rearrangements and NOTCH2 mutations, whereas CD19 +/CD10 cells did not. The rearrangement of MYC and a mutation in NOTCH2 were believed to have induced the immunophenotypic transformation of MCL cells in this patient (19). It has also been reported that EBV can drive the conversion of MCL to DLBCL (20). The concept of a double-hit lymphoma was first defined in 2011 as any lymphoma with a chromosomal breakpoint affecting the MYC/8q24 locus in combination with another recurrent breakpoint, usually t(14;18) (q32;q21) involving BCL2 but occasionally t(11;14) (q13;q32) involving CCND1 (21). MCL with MYC rearrangement fits this definition. However, because the World Health Organization (WHO) classification still defines these cases as MCL, these cases were designated double-hit MCL (19). In the present case, the patient had double-hit MCL with TP53 mutation and rearrangement of IgH-CCND1 and MYC, and an immunophenotypic transformation occurred after treatment with CAR T-cell treatment; the specific mechanism for this is unclear. In CAR T cell therapy, tumor antigen escape is a common cause of disease control failure (22). CD5+ lymphoma cells are sensitive to CD5 CAR T cells, and active tumor cells are killed after treatment with CAR T cells. CAR T cells persist in the patient’s body, and CD5+ tumor cells are inhibited and cannot proliferate. Additionally, MYC rearrangement and mutation of the TP53 gene can cause instability of the tumor genome. Silent CD5- lymphoma cells are reactivated through the mutation of the TP53 gene and rearrangement of CCND1 and MYC, leading to clinical recurrence. In particular, ctDNA NGS is effective in monitoring the process of clonal evolution.

In summary, our case report confirms that double-hit status and TP53 mutation are poor prognostic indicators of MCL. The TP53 mutation and the rearrangement of CCND1/MYC may cause instability of the tumor genome and induce transformation of the tumor immunophenotype, thereby leading to the escape of tumor antigens, which is the primary challenge in CAR T-cell therapy. Tumor genetic abnormalities should be carefully monitored during CAR T-cell therapy, and a rebiopsy is necessary to confirm tumor immunophenotype and any genetic changes.
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