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Background

Glucocorticoid is one of the common and important strategies for the treatment of chimeric antigen receptor T (CAR-T) cell therapy-related toxicity. However, there has been a theoretical concern about whether glucocorticoids use can impact the expansion of CAR-T cells and thus impair its efficacy. Hence, we reviewed studies related to the Axicabtagene ciloleucel (Axi-cel), a first-class and widely used CAR-T cell product, to elucidate the association between glucocorticoids administration and efficacy of Axi-cel.



Method

We systematically searched PubMed, Embase, Web of Science, and Cochrane Library to identify studies of Axi-cel that used glucocorticoids as an intervention for the treatment of CAR-T cell-related adverse events and respectively evaluated any efficacy endpoints of intervention and controlled cohorts, published up to February 17, 2020. There were no restrictions on research type and language.



Results

A total of eight studies with 706 patients were identified in the systematic review. Except for one study found that high cumulative dose, prolonged duration and early use of glucocorticoids could shorten progression-free survival and/or overall survival, and another study that found a negative effect of glucocorticoids administration on overall survival in univariate analysis but disappeared in multivariate analysis, none of other studies observed a statistically significant association between glucocorticoids administration and progression-free survival, overall survival, complete response, and overall response rate.



Conclusion

Our study indicated that the association between glucocorticoids therapy and the efficacy of CAR-T cell may be affected by cumulative dose, duration, and timing. There is currently no robust evidence that glucocorticoids can damage the efficacy of CAR-T cell, but the early use of glucocorticoids should be cautiously recommended.
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Introduction

CAR-T cell therapy involves the modification of human autologous or allogeneic T cells to target specific antigens so as to delay or cure diseases (1, 2). In recent years, this therapy has made rapid progress in the treatment of lymphoma and leukemia, and has become the most promising treatment for patients with relapsed or refractory hematologic malignancies. However, compared with traditional chemotherapy and autologous stem cell transplant, it has some unique side effects, of which cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS) are the most common and concerning adverse effects (3). Many patients have to be admitted to the intensive care unit because of these two side effects, which can greatly prolong hospitalization and increase costs, and sometimes even fatal.

The pathophysiology of CRS has been extensively studied, which is thought to be caused by the release of inflammatory cytokines due to the activation of CAR-T cells and other immune cells such as monocytes or macrophages, and tocilizumab, an interleukin-6 receptor inhibitor, has been approved as a therapeutic strategy (4–8). However, the exact mechanism of ICANS remains largely unclear, the endothelial activation and increased permeability of the blood–brain barrier, as well as elevated inflammatory factors such as interleukin (IL)-1, IL-6, IL-10, C-reactive protein, ferritin and interferon-γ are thought to play a key role (9–14). Currently, several toxicity management guidelines for CAR-T cell therapy recommend the use of glucocorticoids for CRS that is refractory to anti-IL-6 therapy and grade 1–4 ICANS, although this has not been formally approved (15–18). However, some studies suggested that the glucocorticoids may blunt the expansion and persistence of CAR-T cells in vivo, and impair therefore anti-tumor activity (11, 19, 20).

Axicabtagene ciloleucel (Axi-cel) is a second-generation CAR-T cell that uses CD28 as co-stimulation and transmembrane domain and targets CD19, which was commercially approved by the US Food and Drug Administration in 2017 for the treatment of r/r aggressive non-Hodgkin’s lymphomas (21). In patients treated with Axi-cel, ICANS tends to be severe, with approximate 30% of patients experiencing grade 3 or higher ICANS, which means that there is a high probability of using glucocorticoids in patients receiving Axi-cel (22–24).

At present, whether glucocorticoids have negative effects on the efficacy of Axi-cel remains to be determined, which puts clinical decision makers in a dilemma when facing patients with ICANS. Therefore, with the increasing popularity of Axi-cel as a post-market product, it is urgent to conduct a study to clear the performance of glucocorticoids in the treatment of Axi-cel. Our study aimed to systematically review all published literature on glucocorticoids administration for Axi-cel-related to adverse effects and analyze the effects of glucocorticoid on efficacy of Axi-cel.



Method and Materials

The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses Statement, and the protocol was enrolled in the International Prospective Register of Systematic Reviews (CRD42020213716).


Search Strategies

We used “axicabtagene ciloleucel”, “Axi-cel”, “kte c19”, “kte c19 car”, “ktec19”, and “yescarta” as search terms to search for all Axi-cel related literature in PubMed, Embase, Cochrane library and Web of Science. Databases were searched on October 7, 2020 and updated on February 17, 2021. We also reviewed the reference lists of related reviews and included articles. There was no language limit.



Eligibility Criteria

Studies that met the following criteria were considered for inclusion: (1) All types of clinical studies, including controlled trial, single-arm trial, retrospective study and prospective study; (2) Patients treated with Axi-cel for relapsed or refractory large B-cell lymphoma (LBCL); (3) Some patients were treated with glucocorticoids for adverse effects following Axi-cel injection; (4) A portion of patients did not use glucocorticoids after receiving Axi-cel; (5) Any one of efficacy was respectively evaluated in the glucocorticoid group and the non-glucocorticoid group, including overall response rate (ORR), complete response rate (CRR), progression-free survival (PFS), and overall survival (OS), or reported the qualitative or quantitative impact of glucocorticoid on efficacy of Axi-cel.

Studies that fell into any of the following categories were excluded: (1) Studies without original data, including reviews, comments, editorials, and meta-analysis; (2) Incomplete data or unpublished studies, including conference abstracts, study protocols, gray literature, and study data not available; (3) Animal, cell trials and other studies not performed on humans; (4) Repeated publication or studies that reused published data; (5) Studies in which fewer than two samples in intervention cohort or controlled cohort.



Data Extraction

Two reviewers independently screened the literature and performed data extraction, and then cross-checked included studies and extracted data. The reason for exclusion was recorded and any discrepancy that arose between the two reviewers was resolved through discussion with the other authors. Data extracted included the first author, publication year, the number of patients, age, gender, pathological type, Axi-cel dose, lymphodepletion regimen, number of patients with CRS and ICANS, number of patients receiving glucocorticoids after Axi-cel infusion, dose, duration and timing of glucocorticoids, guidance on managing CRS and ICANS, and the respective responses (ORR, CRR, stable disease and progressive disease) of patients with and without glucocorticoid. The Newcastle-Ottawa scale (NOS) was used to assess the methodological quality of eligible studies, including selection, comparability and outcome.



Outcome Measures

The primary endpoints were the PFS and OS. The secondary endpoints were the ORR (the percentage of patients with partial and complete response in all patients) and CRR (the percentage of patients with complete response in all patients). The ORR and CRR were calculated based on the best response achieved after treatment with Axi-cel.




Results


Study Characteristics

A total of 1,307 papers related to Axi-cel were identified following our initial literature search. After removing duplicated literature and screening title/abstract and full text by two reviewers, a total of eight studies were included in the systematic review (Figure 1).




Figure 1 | Flow diagram of the study select process.



There was only one eligible controlled study that specifically investigated patients receiving glucocorticoids as an intervention after Axi-cel therapy, which may be due to the limited clinical experience and treatment options available for ICANS management and the need for emergency treatment following adverse reactions in patients (25). Therefore, all the studies we included were retrospective studies or case reports.

The population included 398 (56.4%) patients with diffuse large B cell lymphoma (DLBCL), 140 (19.8%) patients with transformed follicular lymphoma (tFL), 42 (5.9%) patients with primary mediastinal B-cell lymphoma (PMBCL), 19 (2.7%) patients with high-grade B cell lymphoma (HGBCL), five (0.7%) patients with transformed marginal zone lymphoma (TMZL), two (0.3%) patients with Richter’s syndrome (RS), and 100 (14.2%) patients only reported as LBCL. The median age of patients in four studies was less than 60 years, and in the remaining four studies it was greater than or equal to 60 years. All studies that reported the lymphodepletion regimen used the fludarabine 30 mg/m2/d × 3 days and cyclophosphamide 500 mg/m2/d × 3 days as in ZUMA-1 trail. Patients received Axi-cel injection at a target dose of 1–2 × 106 CAR T cells/kg in all studies that reported the dosage. Only two studies reported the cumulative dose and duration of glucocorticoids, and three studies reported timing of glucocorticoids use. The toxicity management strategies reported in different studies were different, including Axi-cel’s risk evaluation and mitigation strategy, Lee scale, and independent institutional guidelines. More detailed information about the included studies is shown in Table 1.


Table 1 | The baseline characteristics of the included studies.



All studies were independently evaluated for study quality by using NOS (cohort studies). Because in all studies, whether patients used glucocorticoids depended on CAR-T cell-related adverse events, the selection of the nonexposed cohort of NOS was rated as 0. Overall study quality was rated as moderate quality, which is depicted in Table 2.


Table 2 | The quality assessment of included studies.





Progression-Free Survival

A total of four studies investigated the effects of glucocorticoids use on PFS (24–27). Both Sesques et al. and Nastoupil et al. found no association between glucocorticoids use and PFS (24, 27). Holtzman et al. also assessed the effects of duration (P = 0.32), total dose (P = 0.59), average daily dose and initial high-dose pulsing of glucocorticoids on PFS, however, no specific cut-off value was provided (26). Strati et al. found no association between PFS and glucocorticoids use (P = 0.13), but when the cumulative dose and duration of the glucocorticoids were considered (cut-off values: 186 mg, 9 days, respectively), higher dose led to shorter PFS (p = 0.005), prolonged duration did not affect PFS (p = 0.12), and patients who early used glucocorticoids within 7 days tended to have worse PFS (p = 0.07) (25).



Overall Survival

As with PFS, the same four studies evaluated the impact of glucocorticoids on OS (24–27). In study by Sesques et al., the HR of the glucocorticoid group compared with the non-glucocorticoid group was 1.09 (95%CI: 0.43–2.70, P = 0.85) (27). Nastoupil et al. found a statistically significant negative effect on OS in univariable analysis (P = 0.04), while disappeared in multivariate analysis (HR, 1.3; 95% CI, 0.8 to 2.2; P = 0.2) (24). Results of Holtzman et al. still suggested that glucocorticoids use did not affect OS, regardless of duration (P = 0.32), total dose (P = 0.58), average daily dose and initial high-dose pulsing (26). The study by Strati et al. showed conflicting results. They found that glucocorticoids use could significantly reduce the OS (p = 0.006). In addition, prolonged use (p = 0.003), higher dose (p <0.001), and earlier use (p = 0.005) were all associated with poorer OS (25).



Complete Response Rate

Nastoupil et al. reported that glucocorticoids did not affect CRR of patients, but no further information was provided (24). Holtzman et al. and Strati et al. respectively used a median total glucocorticoid dose equivalent to 221 mg of dexamethasone (from 52 to 1,630) for a median duration of 12.5 days (from 4 to 27) and 186 mg of dexamethasone (from 8 to 1,803) for 9 days (from 1 to 30), both of whom assessed the effects of cumulative dose and duration of glucocorticoids on the CRR, Holtzman et al. also investigated the initial high-dose pulsing and average daily dose, and Strati et al. also studied the timing of glucocorticoids, none of which showed a statistical association between glucocorticoids and CRR (25, 26). In the phase-1 ZUMA-1 trial, three patients achieved complete response at 12 months, of whom one patient received glucocorticoids for the management of both CRS and ICANS (28).



Overall Response Rate

There were four studies that reported the ORR in the non-glucocorticoid group and glucocorticoid group respectively, and no significant differences were found (22, 23, 28, 29). The two largest studies conducted by Neelapu et al. (83.8% vs 77.8% in non-glucocorticoid group and glucocorticoid group, respectively) and Jacobson et al. (70.2% vs 69.2% in non-glucocorticoid group and glucocorticoid group, respectively) did not show evidence that glucocorticoids affect the ORR. However, of note, the glucocorticoid groups generally tended to have a lower ORR. In the phase-2 ZUMA-1 trial, the ongoing ORR at 12 months with the glucocorticoid group and the non-glucocorticoid group were 33% (95%CI: 17–53%) and 45% (95%CI: 34–57%), respectively, which was not statistically different (22). Study with median start day 8 (from 6 to 13) by Sesques et al. found that ORs for ORR at months 1 and 3 were 0.61 (0.20–1.84) and 1.63 (0.53–4.96), respectively, which indicated that the duration of ORR in 3 months in the non-glucocorticoid group tended to be shorter than that in the glucocorticoid group, but the analysis of this study included 54.1% patients with Tisa-cel (27).




Discussion

This is the first systematic review to specifically investigate the impact of glucocorticoids use on the efficacy of CAR-T cell therapy. Because of the structural and immunological differences between various CAR-T cell types, we only focused on the widely used CAR-T cell product Axi-cel as the study object.

Our study found that if only according to the glucocorticoids use for investigating its impact on the efficacy of CAR-T cell therapy generally drew negative conclusions. When the cumulative dose, duration and timing of glucocorticoids were further analyzed, a study found that high-dose glucocorticoids were associated with shorter PFS, and the high dose, prolonged duration, and timing all significantly impacted OS of patients (25). But another study of which major drawback was the undefined cut-off value indicated that the dose and duration of glucocorticoids had no effect on PFS and OS (26). We compared guidelines on managing ICANS and CRS of the two studies, and found that the study showing positive results tended to use glucocorticoids in the presence of mild ICANS and CRS, while the latter study had a higher threshold for glucocorticoids use, only moderate toxicities or worse were considered, which may have contributed to the conflicting results of the two studies, namely, it was important to judge the timing of glucocorticoids use based on the toxicity grade. In the ZUMA-1 cohort 4 reported by Topp et al., patients received early glucocorticoids administration starting at grade 1 ICANS and grade 1 CRS if no improvement was achieved after 3 days of supportive care. Compared with cohorts 1 and 2 of ZUMA-1, a larger proportion of patients received glucocorticoids therapy (73% vs 27%). Their results showed that the PFS, CRR, ongoing response and CAR T cell expansion were similar to cohorts 1 and 2. More importantly, the proportions of patients with severe CRS and ICANS were significantly reduced. However, the study did not compare the patients receiving glucocorticoids with those not receiving glucocorticoids within the cohort, and did not evaluate the comparability of the dose and duration of glucocorticoids between different cohorts (30).

Current limited evidence showed that glucocorticoids had no effect on CRR or ORR, regardless of the duration, total dose, and timing of administration. Although there is an established theoretical concern that glucocorticoids could impair the profile of CAR-T cells, it is possible that this effect can inhibit the excessive activation of immune cells without damaging the anti-tumor activity of CAR-T cells in vivo if the dose and duration are appropriate (31, 32). Another possible reason for this result was that CAR-T cells persistence was sufficient for most patients to reach ORR or CRR, despite the glucocorticoids could blunt expansion and duration of CAR-T cells (20). Hence, considering that patients with ORR have a high recurrence rate in a short time, it is necessary to combine multiple efficacy endpoints to draw accurate conclusions.

To date, the management for ICANS is nonspecific, and primarily represented by glucocorticoids, supportive care, and antiepileptics. Different studies had conflicting results on the association between ICANS and efficacy of Axi-cel therapy, therefore, although most ICANS events were reversible, the indirect effects of ICANS on Axi-cel therapy could not be ignored, and proper prophylaxis treatment may be necessary for patients at high risk of ICANS (26, 33). Several studies attributed the decreased severe CRS and ICANS rate to earlier and more systematic intervention of tocilizumab and corticosteroids, which provided evidence to support the use of glucocorticoids, however, none of these studies specifically analyzed the effects of glucocorticoids timing on CAR-T cell efficacy (22, 24, 27). Considering the findings of Strati et al., early use of glucocorticoids or as a preventive management formulation requires more careful consideration (25). More studies were needed to determine the optimal timing of glucocorticoids use, so as to find a balance between improving toxicities and potential anti-tumor effect of CAR-T cell.

Of note, in Axi-cel therapy, due to the previous tumor-related immunosuppression, lymphodepletion with fludarabine and cyclophosphamide, and the unique toxicity of CAR-T cell, subsequent immune reconstitution, B cell dysplasia and resultant hypogammaglobulinemia, patients are at high risk for infection complications (34–38). Although there were many other factors, such as CRS, ICANS, tocilizumab use, and bridging therapy may be associated with infection events, glucocorticoid, as an immunosuppressive agent, has been shown to increase the risk of severe and unusual infections (37, 39, 40). A recent study by Neill et al. demonstrated that glucocorticoids use was significantly associated with higher risk of infection, and rapid steroid taper was necessary (41). Infestations following CAR-T therapy which include bacterial, viral, fungal, and protozoal infection are dangerous and even fatal in these patients with weakened immune systems, so it is important to emphasize the importance of immunological monitoring to guide the strategies of antimicrobial prophylaxis for these patients, especially those with glucocorticoids management (34, 35, 39–43). In addition to infection, prolonged use of glucocorticoids may affect mental state, blood pressure, blood sugar and other vital physiological indicators, so for those who could not effectively respond to glucocorticoid in time, alternative strategies such as intrathecal cytotoxic chemotherapy and siltuximab that has a small molecular size than tocilizumab could be considered to avoid increasing glucocorticoid-related side effects (39, 44, 45).

We acknowledge as a major limitation of our review the non-randomized design in all included studies that led to a lack of adequate balance between cohorts, so there were many factors introducing bias and affecting the endpoints, the most important of which was the significant difference in the incidence and severity of CRS and ICANS between the two groups. Second, most of the studies we included are retrospective studies, and there is still a lack of eligible prospective studies. Third, although the impact of glucocorticoids management on CAR-T cell therapy is a concerning and urgent issue to be solved, due to the nature of CAR-T cell therapy and the lack of treatment methods for its associated toxicity, therefore, there are only one eligible clinical studies specifically explore the effects of glucocorticoids intervention on the efficacy of CAR-T cell therapy, and data on related factors that may impact the effects of glucocorticoids on the efficacy of CAR-T cell therapy are lacking, such as the timing, duration, and dose of glucocorticoids, age, tumor type, tumor burden, and complication of patient. Therefore, these findings should be interpreted with caution.



Conclusion

Our study indicated that the association between the glucocorticoids use and the efficacy of CAR-T cell may be affected by cumulative dose, duration, and timing, among which timing is an urgent issue to be solved with conflicting results from different studies. Simple to glucocorticoids use as a variable may be detrimental to drawing a valid conclusion. Whether glucocorticoids should be recommended for early use and as a preventive treatment formulation in toxicity management needs to be cautious. It may be appropriate to comprehensively consider both the time to CAR-T cell infusion and toxicity grade. Moreover, because the glucocorticoids use can increase the risk of infection, it may be beneficial for patients to shorten the duration and wean doses rapidly if clinically feasible. In conclusion, a non-significant trend towards damaging the efficacy of CAR-T cell with glucocorticoids use should continue to be assessed in large prospective randomized controlled trials, and current evidence does not support the glucocorticoids use as a risk factor for impairing efficacy in Axi-cel therapy.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Author Contributions

HQ, ZS and XW contributed to the conception and design of the study. RX, ZS searched the database. ZS and ML extracted data. ZS, RX, XW and ML wrote the manuscript. All authors contributed to the article and approved the submitted version.



References

1. Ruella, M, and Kalos, M. Adoptive immunotherapy for cancer. Immunol Rev (2014) 257:14–38. doi: 10.1111/imr.12136

2. Rosenberg, SA, and Restifo, NP. Adoptive cell transfer as personalized immunotherapy for human cancer. Science (2015) 348:62–8. doi: 10.1126/science.aaa4967

3. Zhao, L, and Cao, YJ. Engineered T Cell Therapy for Cancer in the Clinic. Front Immunol (2019) 10:2250. doi: 10.3389/fimmu.2019.02250

4. Kochenderfer, JN, Dudley, ME, Feldman, SA, Wilson, WH, Spaner, DE, Maric, I, et al. B-cell depletion and remissions of malignancy along with cytokine-associated toxicity in a clinical trial of anti-CD19 chimeric-antigen-receptor-transduced T cells. Blood (2012) 119:2709–20. doi: 10.1182/blood-2011-10-384388

5. Turtle, CJ, Hanafi, LA, Berger, C, Hudecek, M, Pender, B, Robinson, E, et al. Immunotherapy of non-Hodgkin’s lymphoma with a defined ratio of CD8+ and CD4+ CD19-specific chimeric antigen receptor-modified T cells. Sci Transl Med (2016) 8:355ra116. doi: 10.1126/scitranslmed.aaf8621

6. Teachey, DT, Lacey, SF, Shaw, PA, Melenhorst, JJ, Maude, SL, Frey, N, et al. Identification of Predictive Biomarkers for Cytokine Release Syndrome after Chimeric Antigen Receptor T-cell Therapy for Acute Lymphoblastic Leukemia. Cancer Discov (2016) 6:664–79. doi: 10.1158/2159-8290.CD-16-0040

7. Hay, KA, Hanafi, LA, Li, D, Gust, J, Liles, WC, Wurfel, MM, et al. Kinetics and biomarkers of severe cytokine release syndrome after CD19 chimeric antigen receptor–modified T-cell therapy. Blood (2017) 130:2295–306. doi: 10.1182/blood-2017-06-793141

8. Le, RQ, Li, L, Yuan, W, Shord, SS, Nie, L, Habtemariam, BA, et al. FDA Approval Summary: Tocilizumab for Treatment of Chimeric Antigen Receptor T Cell-Induced Severe or Life-Threatening Cytokine Release Syndrome. Oncologist (2018) 23:943–7. doi: 10.1634/theoncologist.2018-0028

9. Santomasso, BD, Park, JH, Salloum, D, Riviere, I, Flynn, J, Mead, E, et al. Clinical and biological correlates of neurotoxicity associated with car t-cell therapy in patients with B-cell acute lymphoblastic leukemia. Cancer Discov (2018) 8:958–71. doi: 10.1158/2159-8290.CD-17-1319

10. Gust, J, Hay, KA, Hanafi, LA, Li, D, Myerson, D, Gonzalez-Cuyar, LF, et al. Endothelial activation and blood–brain barrier disruption in neurotoxicity after adoptive immunotherapy with CD19 CAR-T cells. Cancer Discov (2017) 7:1404–19. doi: 10.1158/2159-8290.CD-17-0698

11. Davila, ML, Riviere, I, Wang, X, Bartido, S, Park, J, Curran, K, et al. Efficacy and Toxicity Management of 19-28z CAR T Cell Therapy in B Cell Acute Lymphoblastic Leukemia. Sci Transl Med (2014) 6:224ra25. doi: 10.1126/scitranslmed.3008226

12. Karschnia, P, Jordan, JT, Forst, DA, Arrillaga-Romany, IC, Batchelor, TT, Baehring, JM, et al. Clinical presentation, management, and biomarkers of neurotoxicity after adoptive immunotherapy with CAR T cells. Blood (2019) 133:2212–21. doi: 10.1182/blood-2018-12-893396

13. Norelli, M, Camisa, B, Barbiera, G, Falcone, L, Purevdorj, A, Genua, M, et al. Monocyte-derived IL-1 and IL-6 are differentially required for cytokine-release syndrome and neurotoxicity due to CAR T cells. Nat Med (2018) 24:739–48. doi: 10.1038/s41591-018-0036-4

14. Hu, Y, Sun, J, Wu, Z, Yu, J, Cui, Q, Pu, C, et al. Predominant cerebral cytokine release syndrome in CD19-directed chimeric antigen receptor-modified T cell therapy. J Hematol Oncol (2016) 9:1–5. doi: 10.1186/s13045-016-0299-5

15. 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) 15:47–62. doi: 10.1038/nrclinonc.2017.148

16. 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) 124:188–95. doi: 10.1182/blood-2014-05-552729

17. Dholaria, BR, Bachmeier, CA, and Locke, F. Mechanisms and Management of Chimeric Antigen Receptor T-Cell Therapy-Related Toxicities. BioDrugs (2019) 33:45–60. doi: 10.1007/s40259-018-0324-z

18. Brudno, JN, and Kochenderfer, JN. Toxicities of chimeric antigen receptor T cells: Recognition and management. Blood (2016) 127:3321–30. doi: 10.1182/blood-2016-04-703751

19. Teachey, DT, Bishop, MR, Maloney, DG, and Grupp, SA. Toxicity management after chimeric antigen receptor T cell therapy: One size does not fit “ALL.” Nat Rev Clin Oncol (2018) 15:218. doi: 10.1038/nrclinonc.2018.19

20. Brentjens, RJ, Davila, ML, Riviere, I, Park, J, Wang, X, Cowell, LG, et al. CD19-targeted T cells rapidly induce molecular remissions in adults with chemotherapy-refractory acute lymphoblastic leukemia. Sci Transl Med (2013) 5:177ra38. doi: 10.1126/scitranslmed.3005930

21. Locke, FL, Ghobadi, A, Jacobson, CA, Miklos, DB, Lekakis, LJ, Oluwole, OO, et al. Long-term safety and activity of axicabtagene ciloleucel in refractory large B-cell lymphoma (ZUMA-1): a single-arm, multicentre, phase 1–2 trial. Lancet Oncol (2019) 20:31–42. doi: 10.1016/S1470-2045(18)30864-7

22. Neelapu, SS, Locke, FL, Bartlett, NL, Lekakis, LJ, Miklos, DB, Jacobson, CA, et al. Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory Large B-Cell Lymphoma. N Engl J Med (2017) 377:2531–44. doi: 10.1056/nejmoa1707447

23. Jacobson, CA, Hunter, BD, Redd, R, Rodig, SJ, Chen, P-H, Wright, K, et al. Axicabtagene Ciloleucel in the Non-Trial Setting: Outcomes and Correlates of Response, Resistance, and Toxicity. J Clin Oncol (2020) 38:3095–106. doi: 10.1200/JCO.19.02103

24. Nastoupil, LJ, Jain, MD, Feng, L, Spiegel, JY, Ghobadi, A, Lin, Y, et al. Standard-of-Care Axicabtagene Ciloleucel for Relapsed or Refractory Large B-Cell Lymphoma: Results From the US Lymphoma CAR T Consortium. J Clin Oncol (2020) 38:3119–28. doi: 10.1200/jco.19.02104. JCO.19.02104.

25. Strati, P, Ahmed, S, Furqan, F, Fayad, LE, Lee, HJ, Iyer, SP, et al. Prognostic Impact of Corticosteroids on Efficacy of Chimeric Antigen Receptor T-cell Therapy in Large B-cell Lymphoma. Blood (2021). doi: 10.1182/blood.2020008865

26. Holtzman, NG, Xie, H, Bentzen, S, Kesari, V, Bukhari, A, El Chaer, F, et al. Immune effector cell–associated neurotoxicity syndrome after chimeric antigen receptor T-cell therapy for lymphoma: predictive biomarkers and clinical outcomes. Neuro Oncol (2020) 23:1–41. doi: 10.1093/neuonc/noaa183

27. Sesques, P, Ferrant, E, Safar, V, Wallet, F, Tordo, J, Dhomps, A, et al. Commercial anti-CD19 CAR T cell therapy for patients with relapsed/refractory aggressive B cell lymphoma in a European center. Am J Hematol (2020) 95:1324–33. doi: 10.1002/ajh.25951

28. Locke, FL, Neelapu, SS, Bartlett, NL, Siddiqi, T, Chavez, JC, Hosing, CM, et al. Phase 1 Results of ZUMA-1: A Multicenter Study of KTE-C19 Anti-CD19 CAR T Cell Therapy in Refractory Aggressive Lymphoma. Mol Ther (2017) 25:285–95. doi: 10.1016/j.ymthe.2016.10.020

29. Ghafouri, S, Timmerman, J, Larson, S, and Mead, MD. Axicabtagene Ciloleucel CAR T-cell therapy for relapsed/refractory secondary CNS non-Hodgkin lymphoma: comparable outcomes and toxicities, but shorter remissions may warrant alternative consolidative strategies? Bone Marrow Transplant (2020), 3–6. doi: 10.1038/s41409-020-01099-4

30. Topp, M, Meerten, TV, Houot, R, Minnema, MC, Milpied, N, Lugtenburg, PJ, et al. Earlier Steroid Use with Axicabtagene Ciloleucel (Axi-Cel) in Patients with Relapsed/Refractory Large B Cell Lymphoma. Blood (2019) 134(Supplement_1):243. doi: 10.1182/blood-2019-126081

31. Lanza, L, Scudeletti, M, Puppo, F, Bosco, O, Peirano, L, Filaci, G, et al. Prednisone increases apoptosis in in vitro activated human peripheral blood T lymphocytes. Clin Exp Immunol (1996) 103:482–90. doi: 10.1111/j.1365-2249.1996.tb08306.x

32. Franchimont, D, Louis, E, Dewe, W, Martens, H, Vrindts-Gevaert, Y, De Groote, D, et al. Effects of dexamethasone on the profile of cytokine secretion in human whole blood cell cultures. Regul Pept (1998) 73:59–65. doi: 10.1016/S0167-0115(97)01063-X

33. Strati, P, Nastoupil, LJ, Westin, J, Fayad, LE, Ahmed, S, Fowler, NH, et al. Clinical and radiologic correlates of neurotoxicity after axicabtagene ciloleucel in large B-cell lymphoma. Blood Adv (2020) 4:3943–51. doi: 10.1182/bloodadvances.2020002228

34. Vora, SB, Waghmare, A, Englund, JA, Qu, P, Gardner, RA, and Hill, JA. Infectious Complications Following CD19 Chimeric Antigen Receptor T-cell Therapy for Children, Adolescents, and Young Adults. Open Forum Infect Dis (2020) 7:1–9. doi: 10.1093/ofid/ofaa121

35. Hill, JA, Li, D, Hay, KA, Green, ML, Cherian, S, Chen, X, et al. Infectious complications of CD19-targeted chimeric antigen receptor-modified T-cell immunotherapy. Blood (2018) 131:121–30. doi: 10.1182/blood-2017-07-793760

36. Fried, S, Avigdor, A, Bielorai, B, Meir, A, Besser, MJ, Schachter, J, et al. Early and late hematologic toxicity following CD19 CAR-T cells. Bone Marrow Transplant (2019) 54:1643–50. doi: 10.1038/s41409-019-0487-3

37. Logue, JM, Zucchetti, E, Bachmeier, CA, Krivenko, GS, Larson, V, Ninh, D, et al. Immune reconstitution and associated infections following axicabtagene ciloleucel in relapsed or refractory large B-cell lymphoma. Haematologica (2020). doi: 10.3324/haematol.2019.238634

38. Kochenderfer, JN, Somerville, RPT, Lu, T, Yang, JC, Sherry, RM, Feldman, SA, et al. Long-Duration Complete Remissions of Diffuse Large B Cell Lymphoma after Anti-CD19 Chimeric Antigen Receptor T Cell Therapy. Mol Ther (2017) 25:2245–53. doi: 10.1016/j.ymthe.2017.07.004

39. Grana, A, Gut, N, Williams, K, Maakaron, J, Porter, K, William, BM, et al. Safety of Axicabtagene Ciloleucel for the Treatment of Relapsed or Refractory Large B-Cell Lymphoma. Clin Lymphoma Myeloma Leuk (2020). doi: 10.1016/j.clml.2020.10.005

40. Wudhikarn, K, Palomba, ML, Pennisi, M, Garcia-Recio, M, Flynn, JR, Devlin, SM, et al. Infection during the first year in patients treated with CD19 CAR T cells for diffuse large B cell lymphoma. Blood Cancer J (2020) 10:79. doi: 10.1038/s41408-020-00346-7

41. Neill, L, Mackenzie, SC, Marzolini, MAV, Townsend, W, Ardeshna, KM, Cwynarski, K, et al. Steroid Use, Advanced Stage Disease and ≥3 Lines of Prior Chemotherapy Are Associated with a Higher Risk of Infection Following CD19 CAR T-Cell Therapy for B-NHL: Real World Data from a Large UK Center. Blood (2020) 136(Supplement 1):20–1. doi: 10.1182/blood-2020-138865

42. Sdrimas, K, Diaz-Paez, M, Camargo, JF, and Lekakis, LJ. Progressive multifocal leukoencephalopathy after CAR T therapy. Int J Hematol (2020) 112:118–21. doi: 10.1007/s12185-020-02840-x

43. Kator, S, Zurko, J, Webb, BJ, Balatico, MA, Clayton, F, Palmer, CA, et al. Disseminated toxoplasmosis and haemophagocytic lymphohistiocytosis following chimeric antigen receptor T-cell therapy. Br J Haematol (2020) 189:E4–6. doi: 10.1111/bjh.16402

44. Ismail, MF, Lavelle, C, and Cassidy, EM. Steroid-induced mental disorders in cancer patients: A systematic review. Futur Oncol (2017) 13:2719–31. doi: 10.2217/fon-2017-0306

45. Grennan, D, and Wang, S. Steroid Side Effects. JAMA (2019) 322:282. doi: 10.1001/jama.2019.8506



Conflict of Interest: The 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.

Copyright © 2021 Sun, Xun, Liu, Wu and Qu. 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.2021.646450_cover.jpg
, frontiers
in Immunology

The Association Between
Glucocorticoid Administration and
the Risk of Impaired Efficacy of
Axicabtagene Ciloleucel
Treatment: A Systematic Review





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Association Between Glucocorticoid Administration and the Risk of Impaired Efficacy of Axicabtagene Ciloleucel Treatment: A Systematic Review

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Method and Materials

        

          		

            Search Strategies

          



          		

            Eligibility Criteria

          



          		

            Data Extraction

          



          		

            Outcome Measures

          



        



        



        		

          Results

        

          		

            Study Characteristics

          



          		

            Progression-Free Survival

          



          		

            Overall Survival

          



          		

            Complete Response Rate

          



          		

            Overall Response Rate

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-646450-g001.jpg
] [ sereening | [ identiication |

igibitty

Included

Records denifed trough dtabaseserching
(= 1307) Pubiid (1=223)Embas (756)
Wb ofScience =297} Cachran Wary (29)

Additonsl ecords detied
g ather sources
n=19)

I

Records aer duplcates removed
nags)
[— [e—
neses) a7
[ —
(n-100)
o orignsl dts,sch v
[ — e s v
foratgbiny (1 L
n=108) o compete dta (e
Al el il snd ot s
o et on hamans (-8
Suic n whh fver hn o
Sampls i imervenion o contoled
o (i)
St e pblsied ot )

Endpoinsof kres was ot

Studies incdedin
aualtate syness
nes)

rspecively evaled n nervenion
oot orconoldcoor (1-21)
ot mectng Ackaes nications (1=1)






OEBPS/Images/table1.jpg
Festovibor  No. Medanoge Male  Mstobogical  CAR-Tcol Chemo

oot e pols e
mnan el 6 0@ [
ompiaap) 28 02189 R
omase) ® 9@ w Ay
s @) 101 9270 2om Aoy o
Teshg o
pr
wosusv T w@men s owo ot oy 4w " i sanmr 7 .
onTons By
o
btnad ) 2 QR @ FOKLBR N N © undps o srazeen 8w
Py g angn s
sna 2 pg
GMenua Gl § W@ W8 2OBLIEL W N 2w [y saror 2 2
ey b
Swiwdp)  © @8 T BawnT W o v ' om0 v e
ouscLAEL ey

5 oo DXBOL oy Bt e .ok SO iy -y OO, o753y s T, o e o b A
s . et b AR T o o et T8t R e e Pl e PO Gttt S0 G GRS, ok sy A 1
o o ooty 3O U, e f 5 T 3wl o 00 o . 4,0 L CARTO. CAR Tk s TOR, RS, Ak ok v o
i, Ao o I AN SR b DO P 03 0 5.

gt to 21l Goarmentan o 1650 O 15 o 427

o 145 o o g 5100 A ko A 975 . -39

-y oo o 5t o 3 6 by 7

ettt sl e bl i et 44





OEBPS/Images/table2.jpg
Study Selection ‘Comparabilty Outcome Quaity

Reprosentativeness ~Selection of ~Ascortainment  Domonstration  Comparabiity  Assessment Was follow-  Adequacy

of the exposed the ofcxposure thatoutcome of  of cohortson  of outcome  plong  of ollow

cohorts nonexposed itorost was not  the basis of the onoughfor  up of

cohort prosentatstartof  dosign or outcometo  cohorts

study. analysis occur

Hotaman * * * * * * * 7
Nasioupi * * * * * * * 7
Sesquos * * * * * * 6
Nosapu * * * * * - M 6
Locke * * * * M 5
Jacovson * * * * * - M 7
Grafour - . . - - N 6
Sati " * * * M * * 7





