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Abstract

Introduction

Chimeric antigen receptor (CAR) T cells, are powerful therapy for relapsed or
refractory (R/R) hematologic neoplasms. Sensitive and reliable quantification of
CAR-T cells is essential for monitoring patient response, identifying potential
toxicities and predicting outcomes. We developed and validated 13-color flow
cytometry assays on the DxFLEX platform for BCMA and CD19 CAR-T cells.
Additionally, we incorporated immunoregulatory markers (CD25, CD62L, CD69,
PD-1) to establish a more comprehensive profile of CAR-T cells.

Methods

Patients receiving Breyanzi, Tecartus, Miltenyi, and Yescarta, for R/R B-cell
lymphomas such as diffuse large B-cell Lymphoma, follicular lymphoma, chronic
lymphocytic leukemia (n=32), and patients receiving Carvykti for R/R multiple
myeloma or plasma cell leukemia (n=25), and normal blood samples (n=22) were
included. Positive samples from MD Anderson Flow Cytometry laboratory (n=10)
were analyzed for the comparative study. There were 74 peripheral blood (PB), 3
bone marrow (BM), and 2 CSF samples. Linearity, precision, sensitivity, specificity,
and accuracy were evaluated. Statistical significance was determined by using the
Mann-Whitney U test and linear regression.



Results

Both CAR-T BCMA and CD19 assays showed high sensitivity (0.1%, 0.1%) and
specificity (100%, 100%). Linear regression analyses demonstrated excellent
correlation coefficients (BCMA: R*>=0.99; CD19: R>= 0.99). The comparative
studies also showed excellent accuracy. Compared with normal (non-CAR-T) T-
cells, CAR-T cells expressed higher levels of CD25 (mean: 31.3% vs. 1.0% for CD19
CAR-T) (mean: 23.1% vs. 2.2% for BCMA CAR-T) (P<0.001), CD69 (mean: 44.8% vs.
0.3% for CD19 CAR-T) (mean 35.5% vs. 0.4% for BCMA CAR-T) (P<0.001), and PD-1
(mean: 65.2% vs. 15.1% for CD19 CAR-T) (mean: 66.1% vs. 24.7% for BCMA CAR-T)
(p <0.001). Interestingly, expression of CD62L was significantly higher for CD19
(CAR-T mean: 68.0%, non-CAR-T Mean: 40.6 p < 0.05). In contrast, expression of
CD62L for BCMA CAR-T cells had decreased expression, although not significantly
(CAR-T Mean: 43.7%, Non-CAR-T Mean:49.4%; p = 0.41). There was no significant
difference in the CD4/CD8 ratio between CAR-T cells and T cells in normal samples
(p=0.32 for CD19 CAR-T and P=0.48 for BCMA CAR-T).

Conclusions

CAR-T flow cytometry-based assay provides a rapid, sensitive and reliable method
for monitoring CAR-T patients, facilitating early detection of treatment failure and
toxicity. Incorporating immunoregulatory markers could enhance a real-time
immune monitoring approach and potentially provide a personalized strategy for
managing CAR-T patients.
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