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Background

The prognosis of relapsed/refractory multiple myeloma (RRMM) patients with the extramedullary disease was significantly poor. Extramedullary multiple myeloma (EMM) patients gained limited benefits from traditional drugs. Anti-B cell maturation antigen (BCMA) chimeric antigen receptor (CAR) T-cell therapy seems to be a promising approach to treat RRMM patients. However, very few clinical studies are designed for EMM. Our study aimed to compare and assess the safety, efficacy, and pharmacokinetics of anti-BCMA CAR-T cell therapy in EMM and non-EMM.



Methods

The results from published anti-BCMA CAR-T clinical trials, in which raw data of EMM patients were available, were reviewed and summarized. Two trials conducted in our clinical centers were analyzed and presented with detailed data.



Results

According to published anti-BCMA CAR-T clinical trials, the ORR of EMM ranged from 57% to 100%, with the complete remission (CR) rate of 29% to 60%. Between February 22, 2017, and September 26, 2019, a total of 61 subjects (EMM 25; non-EMM 36) received anti-BCMA CAR-T cell infusion. The data-cutoff date was April 1, 2021. There were no statistical differences between EMM and non-EMM groups in adverse events (AEs), including cytokine release syndrome (CRS). The most common AEs of grade ≥ 3 in both groups were hematologic toxicities. There was no significant difference in the objective response rate (ORR) and ≥ complete remission (CR) rate between both groups. However, the ≥ CR rate of the EMM group was lower than the non-EMM group receiving the fully human anti-BCMA CAR-T cell therapy (p = 0.026). The median progression-free survival (PFS) for EMM and the non-EMM group was 121 days and 361 days, respectively (p = 0.001). The median overall survival (OS) for EMM and the non-EMM group was 248 days and 1024 days, respectively (p = 0.005). The Cmax and AUC0-28d for EMM group were lower than non-EMM group (Cmax, p = 0.016; AUC0-28d, p = 0.016). Extramedullary disease was an independent prognostic risk factor for PFS (hazard ratio, 2.576; 95% CI, 1.343 to 4.941; p = 0.004) and OS (hazard ratio, 2.312; 95% CI, 1.165 to 4.592; p = 0.017) in RRMM patients receiving anti-BCMA CAR-T cell therapy.



Conclusions

Based on our results, EMM patients could benefit from the two anti-BCMA CAR products, although they had a shorter PFS and OS compared with non-EMM patients.



Clinical Trial Registration

http://www.chictr.org.cn, identifier ChiCTR-OPC-16009113 and ChiCTR1800018137.





Keywords: BCMA (TNFRSF17), car-t, relapsed, refractory, extramedullary, multiple myeloma



Introduction

Extramedullary multiple myeloma (EMM), one of the natural courses of advanced multiple myeloma (MM), is an aggressive sub-entity. It is characterized by the involvement of multiple organs such as the central nervous system, liver, pleura, lymphatic system, skin, etc. (1, 2). EMM may be found in newly diagnosed MM or at the time of relapse (secondary EMM). Plasma cell leukemia (PCL), characterized by drug resistance, rapid progression, and short survival, is classified as a variant of aggressive EMM (3). With the development of imaging technology and the prolonged lifespan by new drugs, the diagnostic rate of EMM is increasing (4). At the disease progression stage, the incidence of EMM ranges from 10% to 30% (5, 6). Novel drugs such as monoclonal antibodies (mAbs), immunomodulatory drugs (IMiD), and proteasome inhibitors (PI) have improved the survival of MM patients. However, EMM, including PCL patients, have limited benefits from the existing strategies (3, 7–10).

Anti-BCMA CAR-T therapy achieved the most prominent responses in RRMM, with a high objective response rate (ORR) (11–17). We reviewed the published clinical trials with raw data available and found that several of these studies have enrolled EMM patients, but no analysis was performed on this specific subgroup (10, 17).Therefore, we firstly reported the differences in clinical response, adverse events, and pharmacokinetics between EMM and non-EMM patients receiving anti-BCMA CAR-T cell therapy in our center.



Materials and Methods


Study Conduct and Patients

We reviewed and summarized the results from published anti-BCMA CAR-T clinical trials in which raw data of EMM patients was available. We then focused on the two trials conducted in our clinical centers. The phase I study of murine anti-BCMA CAR-T cell therapy was registered at Chinese Clinical Trial Registry as ChiCTR-OPC-16009113, and the phase II study of a fully human anti-BCMA CAR (CT103A) was registered at Chinese Clinical Trial Registry as ChiCTR1800018137. The murine anti-BCMA CAR product was composed of a murine anti-BCMA single-chain variable fragment (scFv), a CD8a hinge, the CD28 co-stimulatory domain (including CD28 transmembrane, and intracellular domains), and the CD3ζ activation domain. The fully human anti-BCMA CAR product (CT103A) was composed of a fully human scFv, a CD8a hinge, and transmembrane domain, 4-1BB co-stimulatory, and CD3ζ activation domains. Between February 22, 2017, and September 26, 2019, a total of 73 (murine 44; fully human 29) consecutive adult subjects with BCMA positive RRMM were screened according to the study protocols, and 12 (murine 6; fully human 6) patients were excluded (Figure 1).




Figure 1 | Flowchart. *Three patients failed in the screening of trail ChiCTR-OPC-16009113, and three patients failed in screening ChiCTR1800018137, respectively, because of not meet inclusion criteria or rapid progression. #Three patients who received lymphodepletion were not dosed because of heart failure, severe liver function damage, and severe infection, respectively. $A patient who had POEMS rather than MM or EMM was excluded, and two patients were excluded because of early death.





Assessments Criteria

Most studies agree that EM could be divided into two groups: the first group comprises tumors that are extending directly from osteolytic bone lesions (EM-B, extramedullary-bone related), while the second results from plasma cell infiltration into soft tissues, with no relationship to the bone (EM-E, extramedullary-extraosseous) (7, 8). The EMM in our study included EM-E and PCL. The PCL in our research included primary PCL and secondary PCL (7). Cytokine release syndrome (CRS) and symptoms of immune effector cell-associated neurotoxicity syndrome (ICANS) were graded according to the criteria of Lee et al. (18, 19). All other adverse events (AEs) and severe adverse events (SAEs) are evaluated by the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0 (20, 21). The diagnose, clinical response, and disease progression was assessed according to the IMWG consensus criteria at serial time points after CAR-T infusion. The data-cutoff date was April 1, 2021. CAR transgene copies in the patients’ peripheral blood monocytes were monitored by digital droplet polymerase chain reaction (ddPCR).



Study Approval

These study protocols were approved by the institutional review board of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. Details of the protocols, CAR-T cell preparation, and assessments criteria were as described in our previous studies (12, 14). Both trials were conducted in compliance with the Declaration of Helsinki. Written informed consent was obtained from each participant.



Statistical Analysis

Continuous variables were described using median and range. Categorical variables were reported in number and percentage. The analysis of categorical variables was performed by the the chi-square test, Fisher’s exact chi-square test, or Pearson’s chi squared test. For continuous variables, Wilcoxon rank-sum test was used. Kaplan-Meier method was employed to estimate the probabilities of overall survival (OS) and progression-free survival (PFS). Estimations of risk were performed by Cox regression. Statistical analyses were performed by SPSS 22 and Graphpad Prism 8. P values less than 0.05 (two-tailed) were considered statistically significant.




Results


Anti-BCMA CAR-T Clinical Trials and Patient Characteristics

Eight anti-BCMA CAR-T clinical trials had enrolled EMM patients (10–17,) and seven of them presented the preliminary efficacy of EMM patients. We summarized their results in Table 1. The ORR of EMM ranged from 57% to 100%, with the complete remission (CR) rate of 29% to 60%.


Table 1 | Anti-BCMA CAR-T cell products in clinical trials included EMM patients.



We compared the baseline characteristics of 25 EMM patients and 36 non-EMM patients in the two trials conducted in our clinical centers (Table 2). The analysis showed no statistical differences between EMM and non-EMM patients in baseline characteristics except for high-risk cytogenetics. The median age of EMM and non-EMM patients was 55 (range, 34 - 70) years and 53 (range, 34 - 69) years, respectively. The median time from diagnosis to infusion was 3.2 (range, 0.8 - 12.6) years for EMM patients, and 2.9 (range, 0.7 - 11.3) years for non-EMM patients. 6 (24%) EMM patients and 18 (50%) non-EMM patients had high-risk cytogenetic profile.


Table 2 | Comparison of baseline characteristics between EMM patients and non-EMM patients in the two clinical trials conducted in our center.





Safety

A total of 73 different types of adverse events were recorded, and those with incidence ≥ 10% were summarized in Table 3. No statistical differences were observed between EMM and non-EMM patients in all AEs. The most common AEs of grade ≥ 3 in both groups was hematologic toxicities, including leukopenia, lymphopenia, neutropenia, anemia, and thrombocytopenia. The median recovery times of neutropenia for EMM and non-EMM patients were 9 (range, 0 to 45) days and 10 (range, 0 to 58) days post-infusion, respectively (Figure 2A). Delayed recovery of neutropenia (4.00% in EMM and 8.57% in non-EMM) was observed in both groups.


Table 3 | Comparison of adverse events occurred in 10% or more patients during the first eight weeks post-infusion between EMM and non-EMM patients in two clinical trials conducted in our center.






Figure 2 | Comparison of time to recovery of neutrophil, cytokine release syndrome (CRS), and inflammatory factors between EMM patients and non-EMM patients receiving anti-BCMA CAR-T cell therapy in two clinical trials conducted in our center (A) Time to the recovery of patients with grade 3/4 neutropenia is shown. One non-EMM patient was excluded because the neutrophil count had not recovered until death (OS = 20 days). Time to recovery, which is defined as absolute neutrophil count ≥1000 cells/μL from infusion till the first time of recovery. (B–D) Comparison of the CRS grade, the peak levels of IL-6 and Ferritin.



Patients with EMM tended to have lower cytokine release syndrome (CRS) grade than individuals without EMD in both trials, although the difference was not statistically significant (Figure 2B). The incidence of ≥ grade 3 CRS was 12% in EMM patients and 27.78% in non-EMM patients, respectively. Only one of the non-EMM patients that received murine anti-BCMA CAR-T therapy experienced ICANS. No differences were observed in serum ferritin and IL-6 levels between the two groups (Figures 2C, D).



Efficacy

There was no significant difference in the ORR and ≥ CR rate between EMM and non-EMM patients. The ORR of EMM and non-EMM patients was 84.00% (21/25) and 94.44% (34/36), respectively (Figure 3A; p = 0.363). The ≥ CR rate of EMM and non-EMM patients was 36.00% (9/25) and 61.11% (22/36), respectively (Figure 3A; p = 0.054). However, for patients receiving the fully human anti-BCMA CAR-T cell therapy, the ≥ CR rate of EMM patients was lower than non-EMM patients (Figure 3A; 28.57% vs. 81.25%; p = 0.026).




Figure 3 | Comparison of clinical response and survival analysis between EMM patients and non-EMM patients receiving anti-BCMA CART cell therapy in two clinical trials conducted in our center (A) ORR was analyzed between EMM and non-EMM. The p value is based on Fisher’s exact test. (B, C) Analysis of PFS and OS for EMM and non-EMM patients using the Kaplan-Meier method. P values less than 0.05 (two-tailed) were considered statistically significant. CR, complete response; EMM, extramedullary myeloma; ORR, objective response rate; MR, minimal response; NR, not reach; OS, overall survival; PD, relapse/progressive disease. PFS, progression-free survival; PR, partial response; sCR, stringent complete response; SD, stable disease; VGPR, very good partial response.



The median follow-up time was 873 days. The Kaplan-Meier method showed that there were significant differences in PFS (121 days vs. 361 days, p = 0.001) and OS (248 days and 1024 days, p = 0.005) for all the EMM and non-EMM patients (Figures 3B, C). Interestingly, for the patients that received murine CAR, the difference was only observed in OS (248 vs. 640 days, p = 0.007) other than PFS (120 vs. 181 days, p = 0.099). While for patients that received fully human CAR, the difference was only observed in PFS (121 days vs. not reach (NR); p = 0.005) other than OS (both NR; p = 0.400). The rates of OS for EMM and non-EMM patients that received fully human CAR were 57.14% (4/7) and 75% (12/16) at one year, respectively.



Pharmacokinetics

After infusion, the peak value of CAR copies (Cmax) and the area under the curve of the transgene level from infusion to 28 days (AUC0–28d) in EMM patients was lower than in non-EMM patients (Cmax, p = 0.016; AUC0–28d, p = 0.016) (Figures 4A, C). There was no difference in the Tmax for EMM and non-EMM patients (Figure 4B). As shown in Figure 4D, the CAR copies of EMM patients were lower than non-EMM patients from the infusion to the last follow-up. CAR-T cells tended to have lower expansion in EMM patients than in non-EMM patients.




Figure 4 | Comparison of CAR transgene kinetics between EMM patients and non-EMM patients receiving novel fully human anti-BCMA CAR-T infusion conducted in our center (A–C) the comparison of Cmax, Tmax, and area under the curve of the transgene level from infusion to 28 days (AUC0–28d) between EMM and non-EMM patients that received novel fully human anti-BCMA CAR-T therapy. The p value is based on a two­sided Wilcoxon rank­sum test and p values less than 0.05 (two-tailed) was considered statistically significant. (D) The Car copies from infusion to the last follow-up were compared between EMM and non-EMM patients. Data presented as a geometric mean. AUC0­28d, area under the curve during the first 28 days after the infusion; Cmax, peak value of CAR copies; Tmax, the time elapsed till peak value appeared.





Risk Factors

We further analyzed the factors that may impact the OS and PFS of patients receiving anti-BCMA CAR-T therapy in a Cox model (Figure 5). Univariate Cox regression analysis showed that previous lines, best response, and extramedullary diseases were significantly associated with OS and PFS (p < 0.05). Multivariate Cox regression analysis revealed that extramedullary disease was also an independent prognostic risk factor in RRMM patients receiving anti-BCMA CAR-T cell therapy (hazard ratio, 2.576; 95% CI, 1.343 to 4.941; p = 0.004; OS hazard ratio, 2.312; 95% CI, 1.165 to 4.592; p = 0.017).




Figure 5 | Forest plots showing the association between risk factors and survival in our center (A) Progression-free survival (Cox regression, HR, and 95% CI). (B) Overall survival (Cox regression, HR, and 95% CI). Multivariate Cox regression analysis was performed by using the significant prognostic factors identified in univariate analysis. Multivariate analysis was indicated in italics. p values less than 0.05 (two-tailed) were considered statistically significant (highlighted with red “*”). AEs, adverse events; CRS, cytokine release syndrome; HR, hazard ratio; MFI, Mean Fluorescence Intensity; SCT, stem cell transplantation; VGPR, very good partial response.






Discussion

In general, the prognosis of EMM, including PCL patients, is poor. There is currently no consensus on the standard regimen for EMM patients, and few clinical studies are designed for them. The efficacy of conventional chemotherapeutic drugs and novel agents, either alone or combined, was limited in EMM patients (7, 8, 22). The ORR of secondary EMM patients receiving novel agents, such as Carfilzomib, Daratumumab, Lenalidomide, etc., was mostly reported no more than 50% (23–26). What’s more, the median PFS and OS of daratumumab-based therapy for EMM patients were only 69 days and 198 days, respectively, in one study (26). In another study that included 357 MM (24 secondary EMM) patients, the median PFS and OS for these secondary EMM patients was about two months and seven months, respectively (27).

Compared to the drugs’ limited effect mentioned above, anti-BCMA CAR-T therapy is a promising strategy for RRMM patients with EMM (10–16). In our study, the ORR of EMM patients reached 100% with ≥ CR rate of 28.57% in the fully human trial, which was significantly higher than existing regimens, and the median PFS and OS were also longer. Similar results were reported by other studies (28–32). These encouraging results showed that anti-BCMA CAR-T therapy has obvious predominance over the existing drugs in response rate, depth of remission, and survival. But in subgroup analysis, the treatment efficacy in EMM patients was not as satisfactory as in non-EMM patients, as we observed lower ≥ CR rate and shorter PFS/OS in EMM patients. As we analyzed the murine and fully human CAR separately, the difference between EMM and non-EMM patients was only observed in PFS for patients receiving fully human CAR. Meanwhile the difference in OS was only observed in patients receiving murine CAR. These findings may result from the advantage in remission depth of our fully human CAR over our murine CAR (12, 14), as increased depth of response is often associated with improved response durability (10). Moreover, our study demonstrated that extramedullary disease was an independent prognostic risk factor for RRMM patients receiving anti-BCMA CAR-T therapy.

Most published studies have demonstrated the safety of anti-BCMA CAR-T cell therapy to RRMM. However, there is limited data available for EMM patients (10, 17). In our study, we demonstrated that anti-BCMA CAR-T cell therapy is safe for EMM patients. In addition, we found that EMM patients tended to have a lower grade of CRS than non-EMM patients. The low expansion of CAR-T cells in EMM patients may be one of the reasons for lower CRS grade and poorer efficacy. Although ORR was over 90% in both trials, our fully human CAR has significantly longer persistency than our murine CAR (12, 14). The mechanism for the poor persistency of CAR T-cells is complicated. T-cell exhaustion and senescence, immune escape, costimulatory domain selection, generation of anti-drug antibody, and other mechanisms may contribute to the low expansion of CAR T-cells (33–36). EMM subclones are highly heterogenic, which can more easily generate clones with escape mutations of BCMA (7). Moreover, subclones of EMM could thrive and grow independent of the bone marrow microenvironment, resulting in a relatively high-risk and more ‘hostile’ microenvironment for the penetration and persistence of CAR T-cells (37). How EMM negatively impacts CAR-T efficacy is still unknown and needs further investigation.

Taken together, this work described the efficacy and safety of anti-BCMA CAR-T cell therapy in EMM patients from the two clinical trials conducted in our center. According to our studies, although it holds great promise for those patients, the duration and depth of remission seems to be limited compared with non-EMM patients. Further trials are needed to combine CAR-T cell therapy with other new agents, or stem cell transplant, to achieve a better result in EMM patients.



Data Availability Statement

For original data, please contact the corresponding author.



Ethics Statement 

The studies involving human participants were reviewed and approved by Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

JZ, CL, and DW designed the clinical study, screened and recruited participants, examined patients and analyzed the clinical data. Moreover, they also supervised the CAR-T cell production for preclinical quality control. MX collected clinical data and was responsible for patient follow-up. YQ checked, extracted, and analyzed data and performed statistical analyses. What’s more, YQ also interpreted data and wrote the manuscript. YQ and YX edited and formatted the document. All authors contributed to the article and approved the submitted version.



Funding

This work is mainly funded by the National Natural Science Foundation of China (81873452 and 82170223 to CL).



Acknowledgments

The authors thank the faculty, staff, and patients of the Clinical and Laboratory Unit of the Department of Hematology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, for their support. We also sincerely appreciate Nanjing IASO Biotherapeutics Ltd. They contributed to CAR-T cell manufacturing and quality control.



References

1. Blade, J, Fernandez, DLC, Rosinol, L, Cibeira, MT, Jimenez, R, and Powles, R. Soft-Tissue Plasmacytomas in Multiple Myeloma: Incidence, Mechanisms of Extramedullary Spread, and Treatment Approach. J Clin Oncol (2011) 29(28):3805–12. doi: 10.1200/JCO.2011.34.9290

2. Vande, BI, Vanderkerken, K, Van Camp, B, and Van Riet, I. Extravasation and Homing Mechanisms in Multiple Myeloma. Clin Exp Metastasis (2008) 25(4):325–34. doi: 10.1007/s10585-007-9108-4

3. Fernandez, DLC, Kyle, RA, Durie, BG, Ludwig, H, Usmani, S, Vesole, DH, et al. Plasma Cell Leukemia: Consensus Statement on Diagnostic Requirements, Response Criteria and Treatment Recommendations by the International Myeloma Working Group. Leukemia (2013) 27(4):780–91. doi: 10.1038/leu.2012.336

4. Varettoni, M, Corso, A, Pica, G, Mangiacavalli, S, Pascutto, C, and Lazzarino, M. Incidence, Presenting Features and Outcome of Extramedullary Disease in Multiple Myeloma: A Longitudinal Study on 1003 Consecutive Patients. Ann Oncol (2010) 21(2):325–30. doi: 10.1093/annonc/mdp329

5. Varga, C, Xie, W, Laubach, J, Ghobrial, IM, O'Donnell, EK, Weinstock, M, et al. Development of Extramedullary Myeloma in the Era of Novel Agents: No Evidence of Increased Risk With Lenalidomide-Bortezomib Combinations. Br J Haematol (2015) 169(6):843–50. doi: 10.1111/bjh.13382

6. Pour, L, Sevcikova, S, Greslikova, H, Kupska, R, Majkova, P, Zahradova, L, et al. Soft-Tissue Extramedullary Multiple Myeloma Prognosis is Significantly Worse in Comparison to Bone-Related Extramedullary Relapse. Haematologica (2014) 99(2):360–4. doi: 10.3324/haematol.2013.094409

7. Bhutani, M, Foureau, DM, Atrash, S, Voorhees, PM, and Usmani, SZ. Extramedullary Multiple Myeloma. Leukemia (2020) 34(1):1–20. doi: 10.1038/s41375-019-0660-0

8. Sevcikova, S, Minarik, J, Stork, M, Jelinek, T, Pour, L, and Hajek, R. Extramedullary Disease in Multiple Myeloma - Controversies and Future Directions. Blood Rev (2019) 36:32–9. doi: 10.1016/j.blre.2019.04.002

9. Deng, S, Xu, Y, An, G, Sui, W, Zou, D, Zhao, Y, et al. Features of Extramedullary Disease of Multiple Myeloma: High Frequency of P53 Deletion and Poor Survival: A Retrospective Single-Center Study of 834 Cases. Clin Lymphoma Myeloma Leukemia (2015) 15(5):286–91. doi: 10.1016/j.clml.2014.12.013

10. Munshi, NC, Anderson, LJ, Shah, N, Madduri, D, Berdeja, J, Lonial, S, et al. Idecabtagene Vicleucel in Relapsed and Refractory Multiple Myeloma. N Engl J Med (2021) 384(8):705–16. doi: 10.1056/NEJMoa2024850

11. Xu, J, Chen, L, Yang, S, Sun, Y, Wu, W, Liu, Y, et al. Exploratory Trial of a Biepitopic CAR T-Targeting B Cell Maturation Antigen in Relapsed/Refractory Multiple Myeloma. Proc Natl Acad Sci - PNAS (2019) 116(19):9543–51. doi: 10.1073/pnas.1819745116

12. Li, C, Cao, W, Que, Y, Wang, Q, Xiao, Y, Gu, C, et al. A Phase I Study of Anti-BCMA CAR T Cell Therapy in Relapsed/Refractory Multiple Myeloma and Plasma Cell Leukemia. Clin Transl Med (2021) 11(3):e346. doi: 10.1002/ctm2.346

13. Brudno, JN, Maric, I, Hartman, SD, Rose, JJ, Wang, M, Lam, N, et al. T Cells Genetically Modified to Express an Anti-B-Cell Maturation Antigen Chimeric Antigen Receptor Cause Remissions of Poor-Prognosis Relapsed Multiple Myeloma. J Clin Oncol (2018) 36(22):2267–80. doi: 10.1200/JCO.2018.77.8084

14. Wang, D, Wang, J, Hu, G, Wang, W, Xiao, Y, Cai, H, et al. A Phase 1 Study of a Novel Fully Human BCMA-Targeting CAR (CT103A) in Patients With Relapsed/Refractory Multiple Myeloma. Blood (2021) 137(21):2890–901. doi: 10.1182/blood.2020008936

15. Raje, N, Berdeja, J, Lin, Y, Siegel, D, Jagannath, S, Madduri, D, et al. Anti-BCMA CAR T-Cell Therapy Bb2121 in Relapsed or Refractory Multiple Myeloma. N Engl J Med (2019) 380(18):1726–37. doi: 10.1056/NEJMoa1817226

16. Cohen, AD, Garfall, AL, Stadtmauer, EA, Melenhorst, JJ, Lacey, SF, Lancaster, E, et al. B Cell Maturation Antigen-Specific CAR T Cells are Clinically Active in Multiple Myeloma. J Clin Invest (2019) 129(6):2210–21. doi: 10.1172/JCI126397

17. Zhao, WH, Liu, J, Wang, BY, Chen, YX, Cao, XM, Yang, Y, et al. A Phase 1, Open-Label Study of LCAR-B38M, a Chimeric Antigen Receptor T Cell Therapy Directed Against B Cell Maturation Antigen, in Patients With Relapsed or Refractory Multiple Myeloma. J Hematol Oncol (2018) 11(1):141. doi: 10.1186/s13045-018-0681-6

18. Lee, DW, Santomasso, BD, Locke, FL, Ghobadi, A, Turtle, CJ, Brudno, JN, et al. ASTCT Consensus Grading for Cytokine Release Syndrome and Neurologic Toxicity Associated With Immune Effector Cells. Biol Blood Marrow Transplant (2019) 25(4):625–38. doi: 10.1016/j.bbmt.2018.12.758

19. Lee, DW, Gardner, R, Porter, DL, Louis, CU, Ahmed, N, Jensen, M, et al. Current Concepts in the Diagnosis and Management of Cytokine Release Syndrome. Blood (2014) 124(2):188–95. doi: 10.1182/blood-2014-05-552729

20. Neelapu, SS, Tummala, S, Kebriaei, P, Wierda, W, Gutierrez, C, Locke, FL, et al. Chimeric Antigen Receptor T-Cell Therapy - Assessment and Management of Toxicities. Nat Rev Clin Oncol (2018) 15(1):47–62. doi: 10.1038/nrclinonc.2017.148

21. Brudno, JN, and Kochenderfer, JN. Toxicities of Chimeric Antigen Receptor T Cells: Recognition and Management. Blood (2016) 127(26):3321–30. doi: 10.1182/blood-2016-04-703751

22. Pour, L, Sevcikova, S, Greslikova, H, Kupska, R, Majkova, P, Zahradova, L, et al. Soft-Tissue Extramedullary Multiple Myeloma Prognosis is Significantly Worse in Comparison to Bone-Related Extramedullary Relapse. Haematologica (2014) 99(2):360–4. doi: 10.3324/haematol.2013.094409

23. Sonneveld, P, Avet-Loiseau, H, Lonial, S, Usmani, S, Siegel, D, Anderson, KC, et al. Treatment of Multiple Myeloma With High-Risk Cytogenetics: A Consensus of the International Myeloma Working Group. Blood (2016) 127(24):2955–62. doi: 10.1182/blood-2016-01-631200

24. Calvo-Villas, JM, Alegre, A, Calle, C, Hernandez, MT, Garcia-Sanchez, R, and Ramirez, G. Lenalidomide is Effective for Extramedullary Disease in Relapsed or Refractory Multiple Myeloma. Eur J Haematol (2011) 87(3):281–4. doi: 10.1111/j.1600-0609.2011.01644.x

25. Muchtar, E, Gatt, ME, Rouvio, O, Ganzel, C, Chubar, E, Suriu, C, et al. Efficacy and Safety of Salvage Therapy Using Carfilzomib for Relapsed or Refractory Multiple Myeloma Patients: A Multicentre Retrospective Observational Study. Br J Haematol (2016) 172(1):89–96. doi: 10.1111/bjh.13799

26. Pick, M, Vainstein, V, Goldschmidt, N, Lavie, D, Libster, D, Gural, A, et al. Daratumumab Resistance Is Frequent in Advanced-Stage Multiple Myeloma Patients Irrespective of CD38 Expression and is Related to Dismal Prognosis. Eur J Haematol (2018) 100(5):494–501. doi: 10.1111/ejh.13046

27. Rasche, L, Bernard, C, Topp, MS, Kapp, M, Duell, J, Wesemeier, C, et al. Features of Extramedullary Myeloma Relapse: High Proliferation, Minimal Marrow Involvement, Adverse Cytogenetics: A Retrospective Single-Center Study of 24 Cases. Ann Hematol (2012) 91(7):1031–7. doi: 10.1007/s00277-012-1414-5

28. Short, KD, Rajkumar, SV, Larson, D, Buadi, F, Hayman, S, Dispenzieri, A, et al. Incidence of Extramedullary Disease in Patients With Multiple Myeloma in the Era Of Novel Therapy, and the Activity of Pomalidomide on Extramedullary Myeloma. Leukemia (2011) 25(6):906–8. doi: 10.1038/leu.2011.29

29. Espanol, I, Romera, M, Gutierrez-Meca, MD, Garcia, M, Tejedor, A, Martinez, A, et al. Carfilzomib and Dexamethasone for Extramedullary Myeloma With Pleuropericardial Involvement. Clin Case Rep (2017) 5(8):1258–60. doi: 10.1002/ccr3.1015

30. Dimopoulos, MA, Weisel, KC, Song, KW, Delforge, M, Karlin, L, Goldschmidt, H, et al. Cytogenetics and Long-Term Survival of Patients With Refractory or Relapsed and Refractory Multiple Myeloma Treated With Pomalidomide and Low-Dose Dexamethasone. Haematologica (2015) 100(10):1327–33. doi: 10.3324/haematol.2014.117077

31. Leleu, X, Karlin, L, Macro, M, Hulin, C, Garderet, L, Roussel, M, et al. Pomalidomide Plus Low-Dose Dexamethasone in Multiple Myeloma With Deletion 17p and/or Translocation (4;14): IFM 2010-02 Trial Results. Blood (2015) 125(9):1411–7. doi: 10.1182/blood-2014-11-612069

32. Lonial, S, Weiss, BM, Usmani, SZ, Singhal, S, Chari, A, Bahlis, NJ, et al. Daratumumab Monotherapy in Patients With Treatment-Refractory Multiple Myeloma (SIRIUS): An Open-Label, Randomised, Phase 2 Trial. Lancet (2016) 387(10027):1551–60. doi: 10.1016/S0140-6736(15)01120-4

33. Zhao, Z, Condomines, M, van der Stegen, S, Perna, F, Kloss, CC, Gunset, G, et al. Structural Design of Engineered Costimulation Determines Tumor Rejection Kinetics and Persistence of CAR T Cells. Cancer Cell (2015) 28(4):415–28. doi: 10.1016/j.ccell.2015.09.004

34. Catakovic, K, Klieser, E, Neureiter, D, and Geisberger, R. T Cell Exhaustion: From Pathophysiological Basics to Tumor Immunotherapy. Cell Commun Signal (2017) 15(1):1. doi: 10.1186/s12964-016-0160-z

35. Turtle, CJ, Hanafi, LA, Berger, C, Gooley, TA, Cherian, S, Hudecek, M, et al. CD19 CAR-T Cells of Defined CD4+:CD8+ Composition in Adult B Cell ALL Patients. J Clin Invest (2016) 126(6):2123–38. doi: 10.1172/JCI85309

36. Guha, P, Cunetta, M, Somasundar, P, Espat, NJ, Junghans, RP, and Katz, SC. Frontline Science: Functionally Impaired Geriatric CAR-T Cells Rescued by Increased Alpha5beta1 Integrin Expression. J Leukoc Biol (2017) 102(2):201–8. doi: 10.1189/jlb.5HI0716-322RR

37. Johnson, LA, Scholler, J, Ohkuri, T, Kosaka, A, Patel, PR, McGettigan, SE, et al. Rational Development and Characterization of Humanized Anti-EGFR Variant III Chimeric Antigen Receptor T Cells for Glioblastoma. Sci Transl Med (2015) 7(275):275ra22. doi: 10.1126/scitranslmed.aaa4963




Conflict of Interest: JZ is among the inventors of patent applications related to the novel fully human antiBCMA CAR-T (CT103A). JZ is a nonpaid member of Scientific and Medical Advisory Board of Nanjing IASO Therapeutics Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Que, Xu, Xu, Almeida, Zhu, Wang, Wang, Liu, Jiang, Wang, Li and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-12-755866-g004.jpg
Cmax of CAR Copies/ug gDNA

AUCO0-28d of CAR Copies/ug gDNA

106

3 p=0.016
] Wilcoxon test
1 1
EMM (n=7) non-EMM (n=16)
3 p=0.016
] Wilcoxon test
T 1
EMM (n=7) non-EMM (n=16)

30 7] p=0.102
um
—~ 20 7
7]
>
©
a
x
©
E “
=
10
Wilcoxon test
0 \ T
EMM (n=7) non-EMM (n=16)
D
40000 —
—a— EMM (n=7)
—e— Non-EMM (n=16)
20000 —
S
o 10000
o
j=
=
]
[
a
o
o
P _
% 5000
o

60 90 180 270 360
Days post Infusion





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Anti-BCMA CAR-T Cell Therapy in Relapsed/Refractory Multiple Myeloma Patients With Extramedullary Disease: A Single Center Analysis of Two Clinical Trials

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Clinical Trial Registration

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Conduct and Patients

          



          		

            Assessments Criteria

          



          		

            Study Approval

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Anti-BCMA CAR-T Clinical Trials and Patient Characteristics

          



          		

            Safety

          



          		

            Efficacy

          



          		

            Pharmacokinetics

          



          		

            Risk Factors

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement 

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-755866-g001.jpg
ChiCTR-OPC-16009113
Screened n=44

ChiCTR1800018137
Screened n=29

Failed n=3*

Failed n=3*

Receive Lymphodepletion n=41 Receive Lymphodepletion n=26

Not dosed n=3"

Dosed n=41 Dosed n=23

Excluded n=3*

Enrolled n=38 Enrolled n=23
EMM n=18§ EMM n=7
non-EMM n=20 non-EMM n=16

Ongoing N=61





OEBPS/Images/fimmu.2021.755866_cover.jpg
’ frontiers

in Immunology

Anti-BCMA CAR-T Cell Therapy
in Relapsed/Refractory Multiple
Myeloma Patients With
Extramedullary Disease: A Single
Center Analysis of Two Clinical Trials





OEBPS/Images/table2.jpg
Characteristics EMM (n = 25) non-EMM (n = 36) p-Value

Age, yr, median (range) 55 (34 - 70) 53 (34 - 69) 0.509
Sex, n (%) 0.353
Male 13 (62.0) 23 (63.9)

Female 12 (48.0) 13 (36.1)

ECOG performance-status score 1.000
0-1 23 (92.0) 34 (94.4)

2-3 2(8.0) 2(5.6)

Time since diagnosis, yr, median (range) 3.2(0.8-12.6) 29(0.7-11.3) 0.363
Prior lines of therapy, median (range) 43-11) 4(3-10) 0.114
Durie-Salmon stage, n (%) 0.145
| 1(4.0) 0

1 0 3(8.9)

i 22 (95.0) 33(91.7)

ISS stage, n (%) 0.288
| 7 (30.0) 16 (44.4)

I 11 (48.0) 10 (27.8)

1] 5(22.0) 10 (27.8)

Myeloma type, n (%) 0.104
19G 5(20.0) 8(22.2)

19G A 9(36.0) 10 (27.8)

1gA k 2(8.0) 3(8.9)

IgA L 0 2(5.6)

1gD & 1(4.0) 3(8.9)

Light chain k 0 6(16.7)

Light chain A 7 (28.0) 2(5.6)

Non-secretor 1(4.0) 2 (5.6)

High risk cytogenetics, n (%)* 6 (24.0) 18 (50.0) 0.041
TP 53 mutations, n (%) 3(13.6) 3(9.1) 0.674
BCMA MFI on plasma cells, median (range) 2417 (840 - 12516) 1586 (303 - 51023) 0.133
CAR-T structure, n (%) 0.192
Murine 18(72.0) 20 (55.6)

Fully human 7 (28.0) 16 (44.4)

EMM, extramedullary myeloma; BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; ECOG, Eastern Cooperative Oncology Group; DS, Durie Salmon; ISS, International
Staging System; MFI, Mean Fluorescence Intensity.

&Cytogenetic features were measured using florescence in situ hybridization. The probes include t(4;14), Del(17p), 1921, t(14;16), Del (13q), t(11,14) and. High risk cytogenetic features
(any t(4;14), Del(17p), and t(14;16)) evaluated with conventional cytogenetics or fluorescence in-situ hybridization (FISH).
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1(16) Anti-BCMA CAR-  NCT02215967 the ORR of EMM is 100% (1/1), with 1 (100%) VGPR (at 51 weeks); Brudno, J N
T cell therapy the ORR of non-EMM is 80% (12/15) with 2 (13%) sCR/CR and 9 (60%) =VGPR. etal (13)
9 (33) bb2121 Phase Ib the ORR of EMM is 89% (8/9), with 4 (44%) sCR/CR and 6 (66%) > VGPR; Raje, Noopur
NCT02658929 ORR of non-EMM is 83% (20/24) with 11 (33%) sCR/CR and 18 (75%) >VGPR. et al. (15)
5(17) LCAR-B38M Phase I/l the ORR of EMM is 80% (4/5), with 3 (60%) sCR/CR and 4 (80%)> VGPR; Xu, Jie et al.
NCT03090659 ORR of non-EMM is 92% (11/12) with 9 (75%) sCR/CR and 11 (92%) >VGPR. (11)
7 (25) Anti-BCMA CAR-  Phase | the ORR of EMM is 57% (4/7), with 2 (29%) sCR/CR and 4 (57%)= VGPR. Cohen, Adam
T cell therapy NCT02546167 Detal. (16)
50 (128) ide-cel (pb2121)  Phase Il CR rate: non-EMM>EMM (no accurate values); Munshi, N C
NCT03361748 ORR: non-EMM>EMM (no accurate values). etal. (10)
7(23) CT103A Phase | the ORR of EMM was 100% (7/7), with 2 (29%) sCR/CR and 5 (71%) > VGPR; the ORR of ~ Wang, D
ChiCTR1800018137 non-EMM was 100% (16/16), with 13 (81%) sCR/CR and 14 (88%) > VGPR. et al. (14)
18 (38) Murine BCMA Phase | the ORR of EMM was 77.78% (14/18), with 7 (39%) sCR/CR and 10 (56%) > VGPR; the Li, Cetal.
CAR-T cell ChiCTR-OPC- ORR of non-EMM was 90% (18/20), with 9 (45%) sCR/CR and 11 (55%) > VGPR. (12)
therapy 16009113

EMM, extramedullary myeloma; BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; ORR, objective response rate; OS, overall survival: sCR, stringent complete response;
VGPR, very good partial response.





