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Despite the curative potential of chimeric antigen receptor (CAR) T cells, a significant number of patients
fail to respond, underlining the need for precise patient monitoring.1-3 Currently, assessing responses in
real-world settings is mainly based on radiography at 1 and 3 months after CAR T-cell infusion.4-6

However, because disease progression is rapid in heavily pretreated patients, earlier detection of treat-
ment failure would be favorable, so that salvage treatment can be initiated sooner and be more effective.
Several studies have repeatedly shown the prognostic potential of CAR T-cell kinetics for the outcome of
relapsed or refractory diffuse large B-cell lymphoma.7-10 Thus, bioanalytical platforms have been devel-
oped to detect CAR T cells in peripheral blood based on quantitative polymerase chain reaction
(qPCR),11,12 droplet digital PCR,13,14 flow cytometry,15-17 or cell-free DNA.18 However, most of these
assays are primarily intended for use in clinical trials and translational research and are unavailable for
routine diagnostic applications at many treatment centers. We hypothesized that alongside imaging-
based assessment, in the real-world setting, early quantification of CAR T cells in vivo with flow cytom-
etry would enable earlier identification of patients who are nonresponding (NRs), and we initiated an
immune monitoring program at 3 treatment sites in Germany and Spain.

Patients receiving third-line axicabtagene ciloleucel or tisagenlecleucel for relapsed or refractory diffuse
large B-cell lymphoma at the University Hospitals of Erlangen (n = 16) and the LMU in Munich (n = 47)
were retrospectively included in the training cohort, and 55 patients who were treated at the Vall
d’Hebron University Hospital in Barcelona were included as validation cohort. Aliquots from rinsed CAR
T-cell infusion bags and EDTA-anticoagulated peripheral blood (15 mL) were collected after infusion.
CAR T cells were assessed using a 2-step staining approach with a biotinylated recombinant CD19
protein (see supplemental Material for gating strategy and flow cytometry panel). Significance was
determined by Mann-Whitney U tests for unpaired, Wilcoxon tests for paired, and Fisher exact tests for
categorical variables. Spearman correlation was used to assess associations between continuous
variables and logistic regression as well as log-rank tests for associations between continuous variables
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and outcome data. Adjustment for multiplicity was performed using
the Holm-Šídák method or a false-discovery approach (false dis-
covery rate, 5%) as indicated. Because we did not aim at modeling
or investigating the time trend of continuous values but rather
searched for time points with maximal discrimination between
groups, we did not use linear mixed-effects models. Receiver
operating characteristic (ROC) analysis and the corresponding
Youden index were used to identify and validate cutoff values. In
addition, positive and negative predictive values of the training and
validation cohorts have been plotted. A multivariate logistic
regression was used to identify predictors of treatment response.
Samples and clinical metadata were collected with approval by
institutional review boards (LMU Munich no. 19-817, Erlangen no.
19-336_1-B, and Barcelona no. PR(AG)404/2020). The study was
conducted in accordance with the Declaration of Helsinki.

Twenty-eight responding patients (Rs) and 35 NRs (Table 1) were
enrolled in the training cohort. Most of the patients presented with
advanced-stage disease and elevated lactic acid dehydrogenase at
baseline (Table 1). Particularly, NRs presented with higher Eastern
Cooperative Oncology Group (ECOG) performance status than
Rs (Table 1).

By using ROC analysis, we primarily investigated whether CAR
T-cell dose levels at specific time points or kinetic variables such as
area under the curve, peak expansion, or effector-to-target ratio
qualify as a biomarker for response to treatment (Figure 1A-F;
supplemental Figure 2). Notably, CAR T cells on day 7 displayed
the highest level of significance (Figure 2B) as well as the highest
Table 1. Key baseline characteristics, toxicity, and survival according t

computed tomographies on day 90 of the training cohort

Variable All (n = 63)

Age, median (range in y) 64 (19-83)

Sex, male, n (%) 38 (60)

ECOG, 0 to 1, n (%) 45 (71)

Treatment history, prior therapies, median number
(range)

3 (2-9)

Tumor burden

Tumor volume, median, cm3 (range) 56 (0-1380.5)

Ann Arbor stage III-IV, n (%) 49 (78)

LDH > ULN before lymphodepletion, n (%) 39 (62)

CAR product

Tisa-cel, n (%) 40 (64)

Axi-cel, n (%) 23 (36)

CRS, grade ≥2, n (%) 25 (40)

ICANS, grade ≥2, n (%) 12 (19)

Toxicity management, steroid administration, d 0 to 7,
n (%)

25 (40)

Survival

PFS, median (range in mo) 3.0 (0.6-35.3)

OS, median (range in mo) 12.1 (0.2-35.3)

ASTCT, American Society for Transplantation and Cellular Therapy, Axi-cel, axicabtagene cilole
LDH, lactic acid dehydrogenase; mo, months; OS, overall survival; PFS, progression-free survival
Response was assessed by positron emission tomography/computed tomographies 3 months

according to Lugano criteria and is reported in cubic centimeters. ULN for LDH was 240 U/L (LMU
Lee et al, 2019.23 P values were calculated using the Mann-Whitney U test for continuous or Fis
indicate significant P = 0.05.
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area under the curve of the ROC curve (Figure 1G). We identified
19 CAR T cells per μL blood on day 7 with the highest Youden
index as a cutoff value for discriminating between Rs and NRs
(Figure 1G-H). Furthermore, we found an association between
CAR T-cell levels on day 7 and early response to treatment on day
30 (supplemental Figure 3A-C) as well as survival (supplemental
Figure 3F-G).

Confirmatory, we asked whether CAR T cells in patients below the
cutoff on day 7 might expand at a later time point and still affect
efficacy. Indeed, we found higher fold changes of CAR T-cell levels
from day 7 to day 14 in the low-expansion group, suggesting
ongoing CAR T-cell expansion (supplemental Figure 3D). However,
the fold change did not differ between NRs and Rs, supporting our
previous finding that very early CAR T-cell expansion has an impact
on response to treatment (supplemental Figure 3E).

We were able to validate the cutoff value on day 7 in an inde-
pendent cohort (Figure 1I-J; supplemental Table 2). ROC analysis
revealed the same sensitivity for the cutoff value in the validation
cohort compared with that in the training cohort with a decreased
specificity, and Fisher exact test revealed similar predictive values
(Figure 1K-L; supplemental Figure 4A). Again, log-rank tests
demonstrated longer survival in the high- than in the low-expansion
groups (supplemental Figure 4B-C).

Consistent with other studies, we found that parameters describing
high disease burden (ECOG performance status1,2 and lactic acid
dehydrogenase1,2) or baseline inflammation (CRP19,20 and
o treatment response based on positron emission tomographies/

Rs (n = 28) NRs (n = 35) Univariate

64.5 (36-83) 60 (19-80) .08

17 (61) 21 (60) >.99

25 (89) 20 (57) .01

3.5 (2-5) 2 (2-9) .07

33.5 (0-528.7) 92 (0-1380.5) .06

20 (71) 29 (83) .36

14 (50) 25 (71) .12

15 (54) 25 (71) .19

13 (46) 10 (29)

11 (39) 14 (40) >.99

6 (21) 6 (17) .75

12 (43) 13 (37) .59

Not reached (1.7-35.3) 1.3 (0.6-4.1) <.0001

Not reached (1.7-35.3) 4.1 (0.2-22.2) <.0001

ucel; CRS, cytokine release syndrome; ICANS, immune-effector cell neurotoxicity syndrome;
; tisa-cel, tisagenlecleucel; ULN, upper limit of normal.
after infusion. Tumor volume was manually segmented at baseline for up to 6 target lesions
) or 220 U/L (Erlangen). Toxicity was graded according to the ASTCT consensus grading of
her exact test for categorical variables and log-rank testing for survival data. Values in bold
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ferritin21) were significantly increased in NRs (supplemental
Figure 5A), in both the training and the validation cohorts. Explor-
atory, we found that ECOG performance status and ferritin levels at
baseline were negatively associated with CAR T-cell levels on day
7 (Figure 1M). Notably, CAR T-cell levels on day 7 greater than the
cutoff value remained a significant variable for response to treat-
ment in a multivariate analysis of the entire cohort (Figure 4N).

A deeper understanding of resistance to CAR T-cell treatment is a
prerequisite for the early identification of patients not benefiting
from anti-CD19 CAR T-cell products and for guiding the selection
of the most powerful salvage therapy for the individual. Our results
demonstrate that early quantification of CAR T cells, especially a
cutoff value of 19 CAR T cells per μL blood on day 7, is a strong
predictor of treatment response and patient survival in training and
validation cohorts. However, some patients still respond despite
having day-7 CAR T-cell levels below the cutoff value. This advo-
cates for an early and non–T-cell–toxic salvage treatment, such as
lenalidomide or immune checkpoint inhibitors, in the low-expansion
group that preserves CAR T-cell expansion.

In contrast to various other predictive markers of early treatment
failure, especially qPCR techniques, this assay has several
strengths: (1) assessment shortly after CAR T-cell infusion allows
for rescue treatments to begin earlier; (2) fast turnaround and real-
time analysis with a readily reproducible protocol make these
assays readily accessible in all treatment centers; and (3) expres-
sion of the CAR is continuously monitored, particularly in terms of
the combined characterization of CD4 and CD8 subsets, coex-
pression profiles for cell differentiation, and immune checkpoints.

Although the sensitivity of flow cytometry is lower than that of
qPCR, this does not affect the reported cutoff value of 19 CAR T
cells per μL blood because this is clearly above the detection limit
of the flow cytometry assay (1:2000; minimum number of CAR+

events, 0.05% or at least 20 events). Furthermore, concurrent
assessment of CAR T-cell levels with flow cytometry and qPCR
revealed comparative results.15,22
Figure 1. Early CAR T-cell expansion predicted early and late treatment response

certificate of analysis (tisagenlecleucel [tisa-cel]) or in the prescribing information (axicabtage

CAR T-cell expansion in the peripheral blood, comparing Rs and NRs. Only the significant P va

the Holm–Šídák method (α = 0.05), only the P values for days 7 and 14 remain. Number of Rs

60, n = 18; and day 90, n = 22. Number of NRs at specific time points: day 4, n = 24; day

Absolute CAR T-cell frequencies estimated over time as median area under the curve (AUC

response on day 90 in Rs compared with those in NRs. P values from Mann-Whitney U tests

ratios were estimated as the ratio of CAR T-cell peak expansion (per μl) per tumor volume (

volume. Median effector-to-target ratios according to the treatment response on day 90 in Rs

n = 35. (F) Association of absolute number of CAR T cells on day 7 with treatment response

absolute number of CAR T cells on day 7 and response to treatment on day 90. The P value fr

cutoff value on day 7 among Rs and NRs. Relative frequency of patients , the P value from Fis

shown. (I-K) Association of absolute number of CAR T cells on day 7 and treatment respon

regression analysis (J), and ROC analysis (K) are shown. R, n = 36; NR, n = 19. (L) Proportio

and NRs in the validation cohort. Relative frequency of patients and P values from Fisher exact

The size of the Spearman correlation coefficient r is represented by circle color and size. On

false-discovery approach with the 2-stage step-up method of Benjamini, Krieger, and Yekutiel

of advanced-stage disease and inflammation at baseline obtained on the day of lymphodepl

treatment response on day 90 after infusion; n = 104. A forward stepwise logistic regression w

of prior therapies, ECOG, Ann Arbor stage, lactic acid dehydrogenase (LDH) level, C-reactiv

odds ratio, 95% confidence intervals, and P values from a logistic regression analysis are s
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Despite the commercialization of CAR T cells, with numerous
others expected to be approved in the future, patient-centered
monitoring of CAR T-cell kinetics outside of clinical trials has
largely been overlooked. Our proposed flow-based assay would
enable treatment failure to be detected earlier, in contrast to
assessment by radiography. These findings can accelerate the
widespread clinical application of thus far limited real-time immune
monitoring approaches and support the development of person-
alized dynamic risk-profiling strategies for guiding decisions on
subsequent therapies.

Acknowledgments: The authors thank Sabine Sandner-Thiede,
Simone Pentz, Elke Habben, Ewelina Zientara, Bianca Kirsch-
baum (University Hospital, LMU Munich), Luisa Albert, Lena Tar-
antik, and Dorothea Gebhardt (University Hospital Erlangen) for
their outstanding technical support. The authors also acknowledge
the iFlow Core Facility of the University Hospital, LMU Munich
(INST 409/225-1 FUGG), and the Core Unit Cell Sorting and
Immunomonitoring Erlangen (Florentine Schonath) for assistance
with generating flow cytometry data.

The work was supported by a German Research Council research
grant provided within the Sonderforschungsbereich Transregio SFB-
TRR 388/1 2021 452881907, and German Research Council
research grant 451580403 (M.S.). The work was further supported
by the Bavarian Elite Graduate Training Network (M.S. and G.B.), the
Wilhelm Sander-Stiftung (M.S.) (project no. 2018.087.1), the Else
Kröner-Fresenius-Stiftung (V.B., K.R., V.L.B., and M.S.), the German
Cancer Consortium (V.B.), the German Cancer Aid (F.M.) (grant
70113695), the Interdisciplinary Center for Clinical Research at the
University Hospital of the University of Erlangen-Nuremberg (S.V.)
(project no. D43), and the Bavarian Center for Cancer Research.

Contribution: V.B., V.L.B., A.M., S.V., and M.S. designed the
research; V.B., G.B., S.B., R.J., B.T., V.L.B., and S.V. performed the
research; V.B., G.B., S.B., R.J., M.W., K.H., C. Schmidt, L.F., F.H.,
K.R., F.D., C. Schmidkonz, T.B., W.G.K., F.M., V.L.B., and S.V.
collected samples and data; V.B., G.B., S.B., D.M., M.v.B.-B.,
and was associated with survival. (A) Median absolute dose as documented in the

ne ciloleucel [axi-cel]), comparing Rs (n = 28) and NRs (n = 35). (B) Median absolute

lues from Mann-Whitney U tests are shown. If corrected for multiple comparisons using

at specific time points: day 4, n = 22; day 7, n = 24; day 14, n = 26; day 28, n = 24; day

7, n = 32; day 14, n = 32; day 28, n = 24; day 60, n = 17; and day 90, n = 16. (C-D)

) (C) and median peak expansion (D) between days 0 and 90 according to treatment

are shown. AUC: R, n = 28; NR, n = 33. Peak: R, n = 28; NR, n = 35. Effector-to-target

cm3). (E) Effector-to-target ratios were estimated by dividing peak expansion by tumor

compared with that in NRs. The P value from an unpaired t test is shown. R, n = 28; NR,

on day 90. The P value from a logistic regression analysis is shown. (G) Association of

om ROC is shown. (H) Proportion of high or low CAR T-cell expansion according to the

her exact test, positive predictive values (PPV) and negative predictive values (NPV) are

se on day 90 in the validation cohort. P values from Mann-Whitney U tests (I), logistic

n of high or low CAR T-cell expansion according to the cutoff value on day 7 among Rs

tests are shown. (M) Corrplot of baseline parameters with CAR T-cell kinetics; n = 104.

ly the significant correlations after adjusting P values for multiple comparisons using a

i (false discovery rate, 5%) are shown. (N) Multivariate analysis of clinical characteristics

etion, as well as administered CAR T-cell product and CAR T-cell levels on day 7 with

as used to identify possible predictors out of the following candidate variables: number

e protein (CRP), ferritin level, CAR T-cell product, and CAR T-cell levels on day 7. The

hown. Range of time points is provided in supplemental Figure 1.

RESEARCH LETTER 6847



V.L.B., A.M., S.V., and M.S. analyzed and interpreted the data; V.B.,
S.V., and M.S. wrote the manuscript; and all the authors revised the
manuscript.

Conflict-of-interest disclosure: V.B. receives research funding
from Bristol Myers Squibb (BMS)/Celgene, Kite/Gilead, Janssen,
Novartis, Roche, and Takeda and research funding and honoraria/
consultancy fee from Kite/Gilead, Janssen, and Novartis. G.I.
receives honoraria/consultancy fee from AbbVie, AstraZeneca,
BMS, Kite/Gilead, Janssen, Miltenyi, Novartis, Roche, and Sandoz.
K.R. receives research funding and travel support from Kite/Gilead
and honoraria from Novartis. F.M. receives honoraria and travel
support from BMS, Kite/Gilead, and Novartis. P.B. receives hono-
raria from Allogene, Amgen, BMS, Kite/Gilead, Janssen, Jazz
Pharmaceuticals, Miltenyi, Novartis, and Nektar. M.v.B.-B. receives
research funding, honoraria, and consultancy fee from Astellas,
BMS, Kite/Gilead, Miltenyi, Mologen, Merck Sharp & Dohme,
Novartis, and Roche. V.L.B. reports research funding and/or hon-
oraria from Amgen, Celgene/BMS, Kite/Gilead, Novartis, and
Pfizer. M.S. reports research funding, speaker’s bureau fee, and/or
consultancy fee from Amgen, AstraZeneca, Aven Cell, BMS/Cel-
gene, CDR-Life, Kite/Gilead, GlaxoSmithKline, Ichnos Sciences,
Incyte Biosciences, Janssen, Miltenyi Biotec, Molecular Partners,
Novartis, Pfizer, Roche, Seattle Genetics, and Takeda. None of the
declared conflicts of interest are related to the financing of the
content of this manuscript. The remaining authors declare no
conflicting financial interest.

ORCID profiles: V.B., 0000-0003-1379-0876; S.B., 0009-0001-
2804-2072; G.I., 0000-0003-0805-9288; L.G., 0000-0001-6293-
9281; J.I.-T., 0000-0002-9909-3715; E.H., 0000-0002-0749-
1389; K.H., 0000-0001-9001-2176; W.G.K., 0000-0002-5021-
1952; D.M., 0000-0002-2817-6660; F.M., 0000-0001-5487-
5839; V.L.B., 0000-0001-7391-7280; A.M., 0000-0002-0685-
4483; M.S., 0000-0003-3905-0251.

Correspondence: Viktoria Blumenberg, Department of Medicine
III, University Hospital LMU Munich, Marchioninistrasse 15, 81377
Munich, Germany; email: viktoria.blumenberg@med.uni-muenchen.
de; Simon Völkl, Department of Internal Medicine 5, University
Hospital Erlangen, Schwabachanlage 12, 91054 Erlangen, Ger-
many; email: Simon.Voelkl@uk-erlangen.de; and Marion Subklewe,
Department of Medicine III, University Hospital LMU Munich,
Marchioninistrasse 15, 81377 Munich, Germany; email: marion.
subklewe@med.uni-muenchen.de.

References

1. Bethge WA, Martus P, Schmitt M, et al. GLA/DRST real-world
outcome analysis of CAR T-cell therapies for large B-cell lymphoma in
Germany. Blood. 2022;140(4):349-358.

2. Nastoupil LJ, Jain MD, Feng L, 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(27):
3119-3128.

3. Iacoboni G, Rejeski K, Villacampa G, et al. Real-world evidence of
brexucabtagene autoleucel for the treatment of relapsed or refractory
mantle cell lymphoma. Blood Adv. 2022;6(12):3606-3610.
6848 RESEARCH LETTER
4. Reinert CP, Perl RM, Faul C, et al. Value of CT-textural features and
volume-based PET parameters in comparison to serologic markers for
response prediction in patients with diffuse large B-cell lymphoma
undergoing CD19-CAR-T cell therapy. J Clin Med. 2022;11(6):
1522.

5. Iacoboni G, Simo M, Villacampa G, et al. Prognostic impact of total
metabolic tumor volume in large B-cell lymphoma patients receiving
CAR T-cell therapy. Ann Hematol. 2021;100(9):2303-2310.

6. Kuhnl A, Roddie C, Kirkwood AA, et al. Early FDG-PET response
predicts CAR-T failure in large B-cell lymphoma. Blood Adv. 2022;
6(1):321-326.

7. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR
T-cell therapy in refractory large B-cell lymphoma. N Engl J Med.
2017;377(26):2531-2544.

8. Abramson JS, Palomba ML, Gordon LI, et al. Lisocabtagene
maraleucel for patients with relapsed or refractory large B-cell
lymphomas (TRANSCEND NHL 001): a multicentre seamless design
study. Lancet. 2020;396(10254):839-852.

9. Awasthi R, Pacaud L, Waldron E, et al. Tisagenlecleucel cellular
kinetics, dose, and immunogenicity in relation to clinical factors in
relapsed/refractory DLBCL. Blood Adv. 2020;4(3):560-572.

10. Locke FL, Ghobadi A, Jacobson CA, 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(1):31-42.

11. Schubert ML, Kunz A, Schmitt A, et al. Assessment of CAR T cell
frequencies in axicabtagene ciloleucel and tisagenlecleucel patients
using duplex quantitative PCR. Cancers (Basel). 2020;12(10):2820.

12. Kunz A, Gern U, Schmitt A, et al. Optimized assessment of qPCR-
based vector copy numbers as a safety parameter for GMP-grade
CAR T cells and monitoring of frequency in patients. Mol Ther
Methods Clin Dev. 2020;17:448-454.

13. Mika T, Maghnouj A, Klein-Scory S, et al. Digital-droplet PCR for
quantification of CD19-directed CAR T-cells. Front Mol Biosci. 2020;
7:84.

14. Fehse B, Badbaran A, Berger C, et al. Digital PCR assays for precise
quantification of CD19-CAR-T cells after treatment with axicabtagene
ciloleucel. Mol Ther Methods Clin Dev. 2020;16:172-178.

15. Peinelt A, Bremm M, Kreyenberg H, et al. Monitoring of circulating
CAR T cells: validation of a flow cytometric assay, cellular kinetics, and
phenotype analysis following tisagenlecleucel. Front Immunol. 2022;
13:830773.

16. De Oliveira SN, Wang J, Ryan C, Morrison SL, Kohn DB, Hollis RP.
A CD19/Fc fusion protein for detection of anti-CD19 chimeric antigen
receptors. J Transl Med. 2013;11:23.

17. Jena B, Maiti S, Huls H, et al. Chimeric antigen receptor (CAR)-
specific monoclonal antibody to detect CD19-specific T cells in
clinical trials. PLoS One. 2013;8(3):e57838.

18. Mika T, Thomson J, Nilius-Eliliwi V, et al. Quantification of cell-free
DNAfor the analysis of CD19-CAR-T cells during lymphoma treatment.
Mol Ther Methods Clin Dev. 2021;23:539-550.

19. Sesques P, Ferrant E, Safar V, 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(11):1324-1333.

20. Jacobson CA, Hunter BD, Redd R, et al. Axicabtagene ciloleucel in the
non-trial setting: outcomes and correlates of response, resistance, and
toxicity. J Clin Oncol. 2020;38(27):3095-3106.
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22

https://orcid.org/0000-0003-1379-0876
https://orcid.org/0009-0001-2804-2072
https://orcid.org/0009-0001-2804-2072
https://orcid.org/0000-0003-0805-9288
https://orcid.org/0000-0001-6293-9281
https://orcid.org/0000-0001-6293-9281
https://orcid.org/0000-0002-9909-3715
https://orcid.org/0000-0002-0749-1389
https://orcid.org/0000-0002-0749-1389
https://orcid.org/0000-0001-9001-2176
https://orcid.org/0000-0002-5021-1952
https://orcid.org/0000-0002-5021-1952
https://orcid.org/0000-0002-2817-6660
https://orcid.org/0000-0001-5487-5839
https://orcid.org/0000-0001-5487-5839
https://orcid.org/0000-0001-7391-7280
https://orcid.org/0000-0002-0685-4483
https://orcid.org/0000-0002-0685-4483
https://orcid.org/0000-0003-3905-0251
mailto:viktoria.blumenberg@med.uni-muenchen.de
mailto:viktoria.blumenberg@med.uni-muenchen.de
mailto:Simon.Voelkl@uk-erlangen.de
mailto:marion.subklewe@med.uni-muenchen.de
mailto:marion.subklewe@med.uni-muenchen.de
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref13
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref13
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref13
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref14
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref14
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref14
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref14
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref15
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref15
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref15
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref16
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref16
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref16
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref16
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref16
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref17
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref17
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref17
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref18
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref18
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref18
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref20
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref20
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref20
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref2
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref2
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref2
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref2
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref21
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref21
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref21
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref22
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref22
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref22
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref22
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref44
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref44
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref44
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref45
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref45
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref45
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref45
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref46
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref46
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref46
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref47
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref47
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref47
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref48
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref48
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref48
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref48
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref49
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref49
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref49
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref50
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref50
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref50
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref51
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref51
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref51
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref56
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref56
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref56
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref57
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref57
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref57


21. Jain MD, Zhao H, Wang X, et al. Tumor interferon signaling and
suppressive myeloid cells are associated with CAR T-cell failure in
large B-cell lymphoma. Blood. 2021;137(19):2621-2633.

22. Cheng J, Mao X, Chen C, et al. Monitoring anti-CD19 chimeric antigen
receptor T cell population by flow cytometry and its consistency with
28 NOVEMBER 2023 • VOLUME 7, NUMBER 22
digital droplet polymerase chain reaction. Cytometry A. 2023;103(1):
16-26.

23. Lee DW, Santomasso BD, Locke FL, et al. ASTCT consensus grading for
cytokine release syndrome and neurologic toxicity associatedwith immune
effector cells. Biol Blood Marrow Transplant. 2019;25(4):625-638.
RESEARCH LETTER 6849

http://refhub.elsevier.com/S2473-9529(23)00531-1/sref25
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref25
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref25
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref62
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref62
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref62
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref62
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref54
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref54
http://refhub.elsevier.com/S2473-9529(23)00531-1/sref54

	Early quantification of anti-CD19 CAR T cells by flow cytometry predicts response in R/R DLBCL
	References


