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Burkitt lymphoma or leukemia (BL) is a highly aggressive non-Hodgkin lymphoma. Older age (over 60 years old) and the presence of high-risk factors (such as abdominal mass, high levels of the serum lactic dehydrogenase, Ann Arbor stage II-IV and so on) usually predict a poorer outcome. Chimeric antigen receptor T cells (CART) have achieved remarkable success in the treatment of B-cell leukemia and lymphoma. Here, for the first time, we report a 61-year-old, high-risk BL patient with autologous stem cell transplantation (ASCT) bridging therapy prior to CART as consolidation therapy. Our findings demonstrate that the combination of ASCT and CART for BL is safe and feasible.
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Introduction

Burkitt lymphoma/leukemia (BL) is a highly aggressive non-Hodgkin lymphoma characterized by rapidly progressive tumors with high extranodal involvement (1). It has been established that following dose-intensive chemotherapy, the three year-progression-free survival (PFS) and overall survival (OS) rates are 64 and 70%, respectively. However, the proportion of patients with BL who were over 60 years old was 24%, and the three-year PFS rate was only 56% (2). Age is an important predictor of outcome, as treatment-related mortality is high in older patients. For relapsed or refractory patients, high dose chemotherapy and autologous stem cell transplantation (ASCT) are recommended as salvage therapies.

In recent years, chimeric antigen receptor T cells (CART) have yielded unprecedented success with B-cell malignancies, with a complete remission (CR) rate of 81–93% (3, 4) in B-cell acute lymphoblastic leukemia and 40–59% in B-cell non-Hodgkin lymphoma (5–7). However, few studies have reported the potential of CART against BL.

The present case study is the first to report the treatment of a high-risk patient with BL with a combination of ASCT and CART therapy and the patient has now been in remission for 4 years. In this report, we describe the clinical course, including cytokine monitoring after CART infusion and the follow-up of expression of CD19 CAR T-cell expansion in peripheral blood. Our findings demonstrate that the combination of autologous stem cell transplantation and chimeric antigen receptor T-cells for Burkitt lymphoma is safe and feasible.



Case report

A 61-year-old man exhibiting fever (38.5°C), bleeding gums, and pain in the upper abdomen was admitted to the Department of Hematology, Changhai Hospital on August 31, 2016. A complete blood count test revealed the following: white blood cell count: 27.25 × 109/L, hemoglobin level: 139 g/L, and platelet count: 13 × 109/L. Additional laboratory tests showed that the serum lactic dehydrogenase level was 2246 U/L (upper limit of normal: 310 U/L). The patient was diagnosed with BL by bone marrow aspiration and biopsy tests, with 79% lymphoma cells in the bone marrow. The cells expressed CD19, CD20, CD10, CD22, and CD38, and had a 47, XY,dup (1), t (8, 14)+18 (10)/46,XY (10) karyotype. Computed tomography revealed multiple enlarged lymph nodes in the neck, mediastinum, and retroperitoneum. Contrast magnetic resonance imaging revealed leukemia with multiple enlarged lymph nodes in the hilar area, mesenteric area, and retroperitoneum.

The patient received induction therapy with VDCP (vindesine, daunorubicin, cyclophosphamide, and dexamethasone) on September 1, 2016. Then, he was administered with six courses of alternative therapy with Hyper-CVAD-A (cyclophosphamide, vindesine, doxorubicin, and dexamethasone), MAVP (methotrexate, cytarabine, vindesine, and dexamethasone), and central nervous system prophylaxis. One month after the last round of therapy, B-ultrasound showed that the inguinal lymph nodes were enlarged; the largest was 2.3 × 0.6 cm.

Therefore, the patient was enrolled in our clinical trials of ASCT bridging CD19 CART as consolidation therapies (NCT02672501). Peripheral blood lymphocyte separation and collection after a bone marrow aspiration biopsy showed complete remission, followed by CE regimen chemotherapy (cyclophosphamide 2g day1-2 and etoposide 330mg day1-2). When the patient’s blood routine level dropped to the lowest level, G-CSF (granulocyte-colony stimulating factor) 400ug were injected for 4 consecutive days. Peripheral blood mononuclear cells were collected using apheresis. The conditioning therapy for the patient undergoing ASCT was CEAC (semustine, etoposide, cytarabine, and cyclophosphamide), which included semustine (250 mg/m2) on day -6, cytarabine (500 mg/m2) every 12 h, and etoposide (300 mg/m2) and cyclophosphamide (1.0 g/m2) from days -5 to -2. The patient developed fever(37.8°C) and nasal congestion on day-4, and recovered after cefoperazone-sulbactam treatment. Autologous hematopoietic stem cells were infused on day 0 with a mononuclear cell dose of 4.2 × 108/kg and a CD34+ cell dose of 2.69 × 106/kg. On day +5, he developed fever(38.2°C) due to agranulocytosis, which returned to normal after 2 days of cefoperazone-sulbactam treatment. Additionally, 6 × 106/kg CART cells were infused 7 d after ASCT. The CART products included 32.8% CD45+CD62L+ naive CART cells, 44.7% CD45RA-CD62L+ central memory CART cells, and 15.9% CD45RA-CD62L- effector memory CART cells. Grade 1 cytokine release syndrome was reached according to the Penn grading scale, because the patient developed a high fever with a body temperature of 39°C 2 h after infusion (8). Vancomycin was added to prevent infection and body temperature returned to normal 2 days later without using steroids and tocilizumab. No manifestations of neurotoxicity and other adverse effects in this patient. The time of neutrophil and platelet engraftment was 10 days and 11 days after ASCT, respectively. Cytokine monitoring after infusion of CART is shown in Figure 1. The patient achieved CR and has been in remission for four years. The follow-up is still ongoing. The treatment regimen of the patient is depicted in Figure 2.




Figure 1 | Cytokine monitoring after CART infusion. CART, chimeric antigen receptor T-cell; IL, interleukin; TNF, tumor necrosis factor; CRP, C-reactive protein.






Figure 2 | Timeline of treatment and efficacy. *multiply: six courses of alternative therapy with Hyper-CVAD-A (cyclophosphamide, vindesine, doxorubicin, and dexamethasone), MAVP (methotrexate, cytarabine, vindesine, and dexamethasone).



The in vivo expansion and persistence of CART cells were monitored by reverse transcription polymerase chain reaction (Figure 3). CART cells reached their first peak 6 d after infusion and then dropped. The second peak was observed at 38 months after infusion, when the patient showed enlargement of the inguinal lymph nodes (the largest was 2.8 × 0.5 cm); moreover, the expression of CAR decreased as the lymph nodes shrunk to their normal size. At the follow-up 48 months after the patient’s CART infusion, the expression of CAR persisted in vivo, reaching to 2.55 × 105 copies/ug gDNA in the bone marrow and 7.78 × 104 copies/ug gDNA in the peripheral blood.




Figure 3 | CART cell expansion in vivo. CART, chimeric antigen receptor T-cell.





Discussion

This case study is the first to report the treatment of a 61-year old, high-risk BL patient with ASCT combined with CART cell therapy and show that the patient achieved CR without any severe adverse events. This confirmed the safety and feasibility of using a combination of ASCT and CART cell therapy for BL. In addition, we observed long-term persistence of CART cells in the BM and peripheral blood. The effect of CART against BL is relatively unexplored (Table 1); therefore, our study provides novel insights into the potential applications of the therapy.


Table 1 | Treatment and outcomes from prior trials of CART cell therapy for Burkitt lymphoma (Literature review).



Compared to the patients in previously reported cases of CART against BL, the patient in the present study was older. Our treatment plan may be a better choice to improve the low PFS rate in older patients who rely solely on chemotherapy. In previously reported cases, most patients required a second or even third round of CART treatment. However, in our case study, because the persisting CART cells helped prevent tumor relapse, the patient sustained CR and did not require any other further treatment.

The long-term persistence of CART cells might be attributed to two mechanisms. First, CART products in this patient showed a high proportion of naive(32.8%) and memory(44.7%) CART cells. Studies have shown that compared with T central memory cells, T memory stem cells from the CD45RA+ T cell population with high CD62L expression are more durable and effective against tumors (14). The naivety of CART cells can increase the effect of immunotherapy (15). In addition, the CART product in our study uses 4-1BB as the costimulatory domain. Compared to CD28 CART cells, 4-1BB CART cells show more memory phenotypes, express lower levels of depletion markers, and can retain effector functions for a long time under chronic antigen stimulation (16). Second, we believe that ASCT and its high dose transplantation conditioning decreased tumor burden, depleted the immunosuppressive microenvironment of lymphoma and deeply deplete regulatory T cells that inhibit CAR T-cell function,which enhanced CART cell persistence (17).

In summary, our novel combination of ASCT and CART therapy successfully cured a high-risk Burkitt lymphoma patient. In future, we will elucidate the mechanism behind persistence of CART cells and apply our treatment method to more high-risk Burkitt lymphoma patients to improve their prognosis.
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The CR patient received allo-HSCT and is in ongoing remission at 37 months, the SD patient died after 4.5 months of disease progression, one of the PD patients died after a month of
therapy, another three patients were enrolled into another clinical trial (CAR22/19-T cells following auto-HSCT), two of them showed no response to this clinical trial, whereas the third is
under remission at 22 months.

> A median follow-up of 331 d, ranging from 149 to 428 days; all patients remained in CR.

“ Died of sepsis on the 9th day after HSCT.

4 A male patient was diagnosed with BL-PTLD after undergoing living liver transplantation.

IPI/Stage, international prognostic index or Ann Arbor stage; PTLD, post-transplant lymphoproliferative disorder; HSCT, hematopoietic stem cell transplantation.





