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We investigated ≥ grade 3 (CTC-AE) organ toxicities for commercial CD19 chimeric antigen receptor T cell (CAR-T cell) products in 492 patients (Axi-Cel; n = 315; Tisa-Cel; n = 177) with Large B-cell Lymphoma in the European Society for Blood and Marrow Transplantation (EBMT) CAR-T registry. The incidence of ≥ grade 3 organ toxicities during the first 100 days after CAR-T was low and the most frequent were: renal (3.0%), cardiac (2.3%), gastro-intestinal (2.3%) and hepatic (1.8%). The majority occurred within three weeks after CAR-T cell therapy. Overall survival was 83.1% [79.8-86.5; 95% CI] at 3 months and 53.5% [49-58.4; 95% CI] at one year after CAR-T. The most frequent cause of death was tumour progression (85.1%). Non-relapse mortality was 3.1% [2.3-4.1; 95% CI] at 3 months and 5.2% [4.1-6.5; 95% CI] at one year after CAR-T. The most frequent causes of non-relapse mortality were cell-therapy-related toxicities including organ toxicities (6.4% of total deaths) and infections (4.4% of total deaths). Our data demonstrates good safety in the European real-world setting.
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Background

CAR-T cells that target CD19 have become standard treatments of relapsed or refractory large B cell lymphoma (rrLBCL) in 3rd line or beyond, and have moved up to 2nd line following the recent reports of two positive randomized trials (1, 2). The safety of CAR-T cells is of major concern, since this new class of anti-tumour therapy may have unknown side effects. The complete risk profile of CD19+ CAR T-cells has not been fully defined by the relatively small registration trials leading to approval of CAR T-cell products. Therefore, health authorities obliged Marketing Authorization Holders (MAH) to report efficacy and toxicity data on predefined numbers of patients treated with commercial CART products in the real world-setting. The EBMT registry that was established forty years ago in Europe to collect data on patients receiving autologous or allogeneic hematopoietic cell transplants, has recently extended its capacity to the capture of long-term follow-up (up to 15 years) of patients treated with CAR-T Cells through the design and implementation of a Cellular Therapy Form (CTF). Primary use of data allows for the conduct of studies such as the one reported in this manuscript, while secondary use of data allows for the conduct of post-authorization safety studies (PASS) and post-authorization efficacy studies (PAES) in partnership with MAH/Pharmas or other stakeholders. Classical side effects of CD19 CAR-T cell products, which are already well described in clinical cohorts, include cytokine release syndrome (CRS), immune cell associated neurotoxicity syndrome (ICANS) and B-cell aplasia. Currently, there is emerging evidence of additional both short-term and medium-term unwanted effects, which were in part unknown at the time of regulatory approval (3–6). There is evidence on neurological events other than ICANS, including ischemic attacks, peripheral neuropathy and Alzheimer’s dementia (7). The patho-mechanism behind this association is not known. In one study major cardiovascular events occurred in 17% of patients till one month after CAR-T cell infusion (8) and in another study frequent adverse events were observed within one year after CAR-T cell infusion (4). The most frequent pulmonary toxicity symptom observed in previous studies was hypoxia, but also pleural effusion, pulmonary embolism, allergic rhinitis and pneumomediastinum were described (4). In a recent study by Wudikarn and colleagues metabolic toxicities after CART have been detected as a frequent complication (4). Typical electrolyte abnormalities were hypokalemia, hypophosphatemia and hypocalcemia. Hyperglycemia and hypoglycemia were also frequent (4, 9, 10).

In the current study, we have used the EBMT CAR-T cell registry (11) to assess the real-world outcome of CD19 CAR-T cell products. Our study aimed at investigating (non-CRS and non-neurotoxicity) organ complications of CD19 CAR-T cell products in adult patients with LBCL reported to the EBMT.





Material and methods




Study design and data collection

This is a retrospective multicentre analysis using the dataset of the EBMT registry. The EBMT is a not-for-profit professional association uniting more than 600 transplant centres that are required to register and report regular follow up on all consecutive hematopoietic cell transplantations, and since the recent and first approvals in the summer of 2018 of patients treated with approved CAR-T Cells. In the CAR-T cell registry of the EBMT, a growing fraction of commercial CAR-T cell therapies in Europe are registered, and data on outcome is provided. Audits are routinely performed to determine the accuracy of the data. The study was planned and approved by the Transplant Complications Working Party of the EBMT and by the EBMT board. All patients gave their written informed consent to collect, transfer and use their medical information for research purposes. The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines.

Eligibility criteria for this analysis included patients 18 years of age or older undergoing CD19+ CAR-T cell therapy for LBCL before the end of July 2021. Only patients with an available status on organ toxicities during the first 100 days after CAR-T were included. Data on organ toxicities were collected via a form designed for the post-authorization studies on CAR-T cell therapy. In this form, occurrence, time of onset and grading of renal, cardiac, hepatic, gastro-intestinal, skin, pulmonary toxicities, as well as hypogammaglobulinemia are reported. For the current analysis, we have exclusively included the occurrence of grades 3-4 severe toxicities based on CTCAE criteria (12). The full CTCAE criteria are publicly available for download: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf.





CAR-T cell products

Patients were treated with commercial products and had received axicabtagene ciloleucel (Axicel, 64%) or tisagenlecleucel (Tisacel, 36%). Both are autologous anti-CD19 T cell products containing a second-generation CAR. Axicel is generated by transduction of apheresed and immunoselected blood CD3+ lympohocytes with a retroviral vector and contains a CD28 co-stimulatory domain. Tisacel is manufactured with a lentiviral vector, and contains a CD137 (4-1BB) costimulatory domain.





Statistical methods

The frequency of severe grade 3-4 organ complications according CTCAE occurring in the first 100 days was given for the following organs: kidney, heart, liver, gut, skin and lungs. The time from CAR-T cell infusion to the occurrence of each complication, as well as the grade of the complication, were also described.

Additional study endpoints were Overall Survival (OS), Progression-Free Survival (PFS), Relapse Incidence (RI) and Non-Relapse Mortality (NRM). Start time was the date of CAR-T cell infusion for all endpoints. NRM was defined as death without relapse/progression, PFS was defined as survival without relapse or progression. Probability of OS and PFS were calculated using the Kaplan-Meier method. Cumulative incidence functions were used to estimate NRM and Relapse Incidence in a competing risk setting, death and relapse competing with each other (13).

Statistical analyses were performed with R 4.1.2 software (R Development Core Team, Vienna, Austria) packages.






Results




CAR-T, disease, and patient characteristics

We analysed adult patients with LBCL receiving CD19+ CAR-T cell therapy before the end of July 2021 who were reported to the EBMT and had information on organ toxicities. We identified 492 patients fulfilling the inclusion criteria. Population characteristics are shown in Table 1. Since the first CART cells were approved in the summer of 2018, most patients in this study received CAR-T cell infusion in 2019 (42%) or 2020 (45%). The majority of patients were from the United Kingdom, France, Germany or Switzerland. Median age was 61.6 years (range 18.7-81) and 61% were male. Karnofsky performance score was 90 or higher in 61% of the patients for whom the information was available (363/492).


Table 1 | Baseline characteristics of the cohort.



Most patients received CAR-T cells without having a previous transplantation (74%). Disease status before CAR-T cell therapy was mainly chemorefractory/progressive disease (75%). Most patients had received either two (28%) or three (37%) previous lines of therapy. However, 23% had four or more lines of previous therapy.

Table 2 describes pre-existing comorbidities in the cohort. 48.7% of patients had at least one pre-existing comorbidity present before CAR-T infusion. The most frequently recorded comorbidity was pulmonary (19.3%), followed by diabetes (7.5%), cardiac (7.3%), obesity (5.9%), solid tumour (5.6%) and psychiatric disturbance (4.7%).


Table 2 | Baseline co-morbidities of the cohort.







Occurrence of organ toxicities until day +100 after CD19+ CART infusion

We were able to collect data on time of onset as well as severity of renal, cardiac, hepatic, gastro-intestinal, skin and pulmonary toxicities. The occurrences of grades 3-4 (CTC-AE) severe toxicities in the different organs are given in Table 3.


Table 3 | Occurrence of severe organ toxicities until day +100 and patients alive at day +100 after CD19+ CART infusion.



Overall, the frequency of severe organ toxicities was relatively low. Severe renal toxicity occurred most frequently (3.0%) followed by severe cardiac, gastro-intestinal and hepatic toxicities (2.3%, 2.3% and 1.8% respectively). Skin toxicity and pulmonary toxicity were only observed in three and two patients, respectively. Data in Table 2 suggest that patients with these severe complications might have a lower chance of survival at day +100 after CAR-T cell therapy as compared to patients without organ complications. We can indeed observe that among the 14 patients developing renal toxicity during the first 100 days, only six were still alive at day 100. Similarly, eight patients were reported as having had liver toxicity during the first 100 days and only four of them were still alive at day 100. However, the numbers of patients with severe organ toxicities were too low to perform advanced statistics. Table 4 shows the proportion of patients with organ toxicities receiving either axi-cel (Yescarta) or tisa-cel (Kymriah) as well as the proportion according to age, using a 60-year cut off.


Table 4 | Organ toxicities according to administered product and to patient age.



The occurrence of organ complications in relation to time of occurrence and death events in individual patients is visualized in Figure 1. The majority of severe organ complications occurred before day+20, during the early phase after CAR-T cell therapy. However, some renal, hepatic and gastro-intestinal complications occurred at a later time point after CAR-T cell infusion, between day+30 and day+100. The cumulative incidences of cytokine release syndrome (CRS) were the following:

	At 3 days [95% CI] 46.6% [41.8-51.3]

	At 6 days [95% CI] 81.5% [77.5-84.9]

	At 9 days [95% CI] 93% [90.1-95]

	At 12 days [95% CI] 96.5% [94.2-97.9]






Figure 1 | Timing of severe organ toxicities and deaths until day +100 after CD19+ CART infusion.







Occurrence of hypogammaglobulinemia until day +100 after CD19+ CART infusion

Hypogammaglubulinemia, (<4g/l) which is paradigmatic of an on target/off tumour effect for CAR-T cells targeting CD19, was observed in 236 patients (57.3%; data missing for 80 cases). Of note, most of those patients (n = 170, 80.2%) had already low IgG levels before CAR-T cell therapy. 87/178 (48.9%, data missing for 58 cases) of the patients have seen their hypogammaglobulinemia worsened following CAR-T cell infusion. Hypogammaglobulinemia resolved in the first 100 days in only 21 (10.7%) patients (data was missing for 39 patients).





Mortality and reasons of death after CD19+ CAR-T cell therapy

In the whole population, we found that NRM was 3.1% [2.3-4.1; 95% CI] at 3 months and 5.2% [4.1-6.5; 95% CI] at one year after CAR-T cell therapy. Overall survival was 83.1% [79.8-86.5; 95% CI] at 3 months and 53.5% [49-58.4; 95% CI] at one year. Progression-free survival was 64.9% [62.5-67.4; 95% CI] at 3 months and 36.5% [33.9-39.2; 95% CI] at one year. Finally, relapse incidence was 32% [29.6-34.4; 95% CI] at 3 months and 58.3% [55.6-61; 95% CI] at one year after CAR-T cell therapy.

A description of the causes of death is given in Table 5. The most frequent cause of death by far was relapse of LBCL (85.1%). The most frequent causes of NRM were toxicities in close connection to the infused CAR-T cell product (cell-therapy-related toxicities including CRS, ICANS, and organ toxicity; 6.4% of total deaths) and infections (4.4% of total deaths). Organ complications, that were likely to be not cell-therapy related (0.4% of total deaths), as well as secondary malignancies (0.4% of total deaths) occurred less frequently. Of note, the decision if NRM was due to organ toxicity related vs. unrelated to the CAR-T cell infusion was done by the centre and no clear definition existed.


Table 5 | Main causes of death.








Discussion

Our present study is the first analysis of EBMT real-world data on other organ complications than CRS and ICANS after anti-CD19 CAR-T cell therapy for LBCL. Our main finding is that despite high rates of CRS in this dataset a low frequency of severe organ complications occurred, marginally contributing to a relatively low NRM. Of note, disease status before CAR-T cell therapy was mainly chemorefractory/progressive disease (75%) in the patient population reported here, which is considerably higher than in the registration trials. Despite this difference, our present results are mostly in line with follow up data of the initial CAR-T cell trials in patients with LBCL, also showing low NRM and manageable safety (9, 14). However, some of the more frequent organ toxicities found in our present study, such as renal, cardiac and hepatic complications, were not reported in the pivotal Zuma-1 (Axi-Cel) and Juliet (Tisa-Cel) trials. This is most likely due to larger patient numbers and a longer follow up period in our real-world analysis. As expected, our patients in this retrospective analysis had received more prior lines of treatment and had a lower performance status when compared to the patient populations in the two registration trials conducted to support marketing approval of Tisa-Cel and Axi-Cel. These different patient characteristics may also be another relevant aspect explaining the occurrence of organ toxicities in real-world conditions.

Recently, a real world data set of patients with LBCL undergoing CAR-T cell therapy in Germany has been published (n=356) (5). When comparing NRM in this national analysis with our current data, differences in NRM become evident. At a median follow up of 11 months, NRM was 10% in the German analysis vs. 4.2% NRM with 12 months median follow up in our current analysis. Interestingly, the reasons for death were also different with bone marrow aplasia and infections as the driving factor for NRM in the recent German analysis (5) and organ toxicities being the major factor for NRM in our current analysis. We recently found in LBCL patients receiving CD19+ CAR-T cells, that severe cytopenia had no significant impact on overall survival (HR 1.13 [95%CI 0.74-1.73] p=0.57) (15). However, patients with severe cytopenia had a poorer progression-free survival (HR 1.54 [95%CI 1.07-2.22] p=0.02) and a higher relapse incidence (HR 1.52 [95%CI 1.04-2.23] p=0.03). Again, the most likely reason for the pronounced differences in outcome between the two analyses is the difference in patient characteristics. The German analyses reported that only 13% of patients in their dataset fulfilled the inclusion criteria of the Zuma-1 trial, indicating a population at very high risk for toxicities and for NRM. Organ complications were not reported in detail in this publication, making it impossible to compare them to our present study. Also recently, a larger real world data set from France was published mainly comparing results from Axi-Cel vs. Tisa-Cel treated patients, but again organ complications were not reported in detail so far (16). In line, reporting of organ complications was not done in detail so far for the recent trials comparing CAR-T cell therapy to standard of care as second line option for large B-cell lymphoma (17, 18).

There are publications from centres in the USA with detailed information on organ toxicities. The MD Anderson Cancer Center in Houston looked specifically at cardiac complications in a retrospective analysis of 165 patients with LBCL undergoing therapy with axicel or tisacel (19). Sixteen percent developed at least one major adverse cardiac event until day +30. Among them, three myocardial infarctions. However, the occurrence of cardiac events was not associated to NRM. The Memorial Sloan-Kettering Cancer Center published even more comprehensive data on organ complications in a smaller series of patients (n=60) undergoing CD19+ CAR-T cell therapy for LBCL (4). At one year follow up, they found severe cardiovascular, pulmonary, hepatic and gastro-intestinal toxicities in 20%, 13%, 13% and 10% of patients respectively. Again, NRM was low with 1.7% at one year and was not associated to the occurrence of organ complications. Table 6 summarizes the occurrence of organ toxicities in major trials on CD19+ CAR-T cells. Although it is impossible to directly compare the previous trial results to our current data it appears that the previously reported complication rate was relatively high. One reason could be the improved clinical management in the more recent period, but we are unable to rule out underreporting of complications in the EBMT data base (see below).


Table 6 | Organ complications (other than CRS and ICANS) reported in major trials on CD19+ CAR-T cells.



A limitation of our study is that we were not able to perform advanced statistical analyses on the association of severe organ toxicities and NRM because of the low frequencies of these two events, despite the fact that this is one of the largest patient population ever studied. A possible further limitation of our current results is the retrospective data acquisition. We were therefore unable to monitor primary data to exclude a possible underreporting of organ toxicities in the EBMT data file. Finally, the follow up period was limited and is too short to adequately describe the occurrence of later toxicities – e.g. secondary malignancies.

A different and relevant way of looking at our current results is to compare them to toxicity and NRM data in allogeneic stem cell transplantation, which remains a relevant alternative treatment option in patients with relapsed/refractory LBCL. In a recent analysis, we found 12.2% NRM one year after allogeneic stem cell transplantation (22). Although the patient populations can’t be directly compared, the much lower 5.2% NRM one year after CD19+ CAR-T cell therapy in our current study suggests differences in safety in favour of CAR-T cells.

In conclusion, we found a low frequency of severe organ complications and a relatively low NRM after CAR-T cell therapy for LBCL in this international, multicentre analysis. These data demonstrate good safety in the European real-world setting.
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