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Key Points

• ALCmax within 15 days
of BCMA CAR-T
infusion is associated
with deeper response
and occurrence of
cytokine release
syndrome.

• ALCmax <0.5 ×103/μL
is predictive of
nonresponders,
whereas that of >1.0 ×
103/μL is an
independent biomarker
for sustained response.
B-cell maturation antigen (BCMA)–targeting chimeric antigen receptor T cells (CAR-Ts) used

in multiple myeloma (MM) are rapidly becoming a mainstay in the treatment of relapsed/

refractory (R/R) disease, and CAR-T expansion after infusion has been shown to inform

depth and duration of response (DoR), but measuring this process remains investigational.

This multicenter study describes the kinetics and prognostic impact of absolute lymphocyte

count (ALC) in the first 15 days after CAR-T infusion in 156 patients with relapsed MM

treated with the BCMA-targeting agents ciltacabtagene autoleucel and idecabtagene

vicleucel. Patients with higher maximum ALC (ALCmax) had better depth of response,

progression-free survival (PFS), and DoR. Patients with ALCmax >1.0 × 103/μL had a superior

PFS (30.5 months vs 6 months; P < .001) compared with those with ≤1.0 × 103/μL, whereas

patients with ALCmax ≤0.5 × 103/μL represent a high-risk group with early disease

progression and short PFS (hazard ratio, 3.4; 95% confidence interval, 2-5.8; P < .001). In

multivariate analysis, ALCmax >1.0 × 103/μL and nonparaskeletal extramedullary disease

were the only independent predictors of PFS and DoR after accounting for international

staging systemic staging, age, CAR-T product, high-risk cytogenetics, and the number of

previous lines. Moreover, our flow cytometry data suggest that ALC is a surrogate for BCMA

CAR-T expansion and can be used as an accessible prognostic marker. We report, to our

knowledge, for the first time the association of ALC after BCMA CAR-T infusion with clinical

outcomes and its utility in predicting response in patients with R/R MM.
Introduction

Chimeric antigen receptor T-cell (CAR-T) therapy has emerged as an effective therapeutic approach in
multiple hematological malignancies, such as relapsed/refractory (R/R) B-cell acute lymphoblastic
leukemia (B-ALL) and non-Hodgkin lymphomas (NHLs) such as diffuse large B-cell lymphoma and
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low-grade NHL. In multiple myeloma (MM), 2 B-cell maturation
antigen (BCMA)–targeting CAR-T products, ciltacabtagene auto-
leucel (cilta-cel) and idecabtagene vicleucel (ide-cel), are currently
approved for use by the Food and Drug Administration and Euro-
pean Medicines Agency in the R/R MM setting, with overall
response rates >70% in heavily pretreated patients and with
responders often displaying a prolonged progression-free survival
(PFS).1-4 However, the duration of response (DoR) can be highly
variable among patients with R/R MM after CAR-T therapy, and
there is a need to better understand factors that portend better
outcomes. The presence of extramedullary disease (EMD) and
high-risk cytogenetic alterations have been associated with poor
outcomes, whereas negative minimal residual disease has been
associated with improved outcomes, but beyond these, additional
prognostic variables are urgently needed to better understand what
distinguishes patients enjoying prolonged post–CAR-T remissions
from those with short-lived ones.5-7

After infusion, in vivo CAR-T expansion is seen across all CAR-T
constructs and diseases, and the degree of CAR-T expansion
and persistence are directly related to efficacy as well as immune-
mediated toxicities such as cytokine release syndrome (CRS) and
immune effector cell–associated neurotoxicity syndrome (ICANS).
Furthermore, the composition of T lymphocytes in the CAR-T
product or the expanding CAR-T population may affect out-
comes, because higher CD4 T-cell subsets have been linked to
longer responses with CD19-directed CAR-Ts in B-ALL.8-10

However, techniques to measure CAR-T expansion and persis-
tence are limited to research settings and lacks prognostic value
when determining response. Considering the commercial use of
CAR-Ts in R/R MM, widely available surrogates for CAR-T
expansion that could predict depth and durability of response are
essential.

Although CAR-T expansion is a well-known phenomenon, overt
lymphocytosis in the peripheral blood after CAR-T infusion has not
been widely described. An increase in absolute lymphocyte count
(ALC) within 2 weeks after CAR-T infusion has been described in
R/R B-ALL treated with CD19-targeting CAR-Ts, with a peak ALC
at day +10 and patients with sustained responses having higher
peak ALCs.11 However, this has not been described in other dis-
ease entities treated with CAR-T therapy. Here, we describe the
kinetics of ALC after BCMA CAR-T infusion and the relationship of
these kinetics to both immune-mediated toxicities and clinical
outcomes in patients with MM receiving BCMA CAR-T. Addition-
ally, we compare the ALC kinetics of these BCMA-directed
products with that of CD19 CAR-Ts in NHL to further illustrate
product-specific differences.
Methods

BCMA CAR-T MM cohort

All patients with R/R MM who received cilta-cel or ide-cel at our 3
institutions (Weill Cornell Medicine, Columbia University Irving
Medical Center, and Mount Sinai Hospital) were included. Baseline
demographics and clinical characteristics, including ALC at pre-
conditioning and throughout days 0 to +15 after CAR-T infusion,
were collected for each patient. Immune-related events (CRS and
ICANS) during follow-up were graded based on the American
Society for Transplant and Cellular Therapy classification.12 Best
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response was assessed only for those with >3 months of follow-up,
because serological response may lag behind complete bone
marrow response, which may lead to early discordant bone
marrow–serological response assessment after BCMA CAR-T.13

All patients with at least 30 days of follow-up after CAR-T infu-
sion were assessed for disease course and progression. Time to
first response, time to best response, DoR, and PFS were
measured, with International Myeloma Working Group response
criteria used to assess the depth of response and progressive
disease (PD).14 Infectious events were defined as nonneutropenic
infections that were adjudicated on retrospective review, with or
without microbiological isolate on days 0 through 30. Immune
effector cell–associated hematotoxicity delayed cytopenia were
defined as 2 consecutive time points below the defined threshold
for absolute neutrophil count (ANC), platelets, and hemoglobin
during days 30 through 60. Cytopenia grading was based on
immune effector cell–associated hematotoxicity European Hema-
tology Association/European Bone Marrow Transplant consensus
in the case of neutropenia15 and Common Terminology Criteria for
Adverse Events version 5 for thrombocytopenia and anemia.

CD19 CAR-T NHL cohort

ALCs from day –5 to day +15 of all patients who received axi-
cabtagene ciloleucel, lisocabtagene maraleucel, tisagenlecleucel,
or brexucabtagene autoleucel CD19 CAR-T for NHL were
included. NHL subtype, CD19 CAR-T product used, and best
response according to Lugano lymphoma response classification16

were retrospectively collected when available.

ALC kinetics indicators

To characterize the ALC kinetics, the maximum ALC (ALCmax;
defined as the highest ALC from days 0 through 15), baseline ALC
(defined as the lowest ALC during days 0 through +2), absolute
change in ALC (defined as the difference between ALCmax and
baseline [day 0 ALC]), and preconditioning ALC (defined as the
closest ALC to day –5 preceding the start of lymphodepleting
conditioning) were assessed for each patient. ALCmax was
analyzed as a continuous variable and using the cutoff points
based on ALC reference range (>1.0 × 103 to >3.74 × 103/μL).

Peripheral blood flow cytometry

Peripheral blood cells were processed using the label-lyse-wash
protocol or a density gradient purification (Ficoll 400, Sigma-
Aldrich) and washed and counted (Nexcelom Bioscience).
Approximately 0.5 × 106 to 1 × 106 cells were first incubated with
Fc blocker (BD Pharmingen) and then the rhBCMA-Fc (R&D sys-
tems) labeled fusion protein, and a monoclonal antibody cocktail
(supplemental Table 1) was added. Cells were incubated at RT
(room temperature) for 15 minutes in the dark, then washed and
analyzed on a BD FACSCanto (BD Biosciences, San Jose, CA),
equipped with the FACSDiva software (BD Biosciences).

Statistical analysis

Baseline characteristics were described using descriptive statistics
and compared between cilta-cel and ide-cel. All patients with
available ALC data from days –5 to +15 were included in the initial
analysis of ALC dynamics. Relative frequencies were used to
describe categorical variables, whereas median and interquartile
range in parentheses were used to describe continuous variables
13 AUGUST 2024 • VOLUME 8, NUMBER 15



unless indicated otherwise. Nonparametric hypothesis tests were
used to compare differences in characteristics between groups.
The relationship of baseline variables with ALC dynamics was
explored using regression as indicated.

Time-to-event analysis was used to assess PFS, which was defined
as the time from CAR-T infusion to progression of disease based
on International Myeloma Working Group criteria or death. Follow-
up time was calculated using the reverse Kaplan-Meier method.
PFS distribution was estimated using the Kaplan-Meier method.
Differences in PFS were compared using log-rank test and Cox
regression. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were estimated using Cox regression. Univariable Cox
regression was used to identify variables associated with PFS, and
all variables associated with PFS were included in a multivariable
PFS Cox model after a step-by-step forward inclusion of inde-
pendent variables associated with P values <.1 in the univariable
model. All tests were 2-sided, with a P value <.05 considered as
statistically significant. All analysis was performed using R software
(R Foundation for Statistical Computing, Vienna, Austria).

The data was obtained after approval of the study protocols by the
institutional review boards and of the participating institutions
(IRB#22-01024290, 0010004608, and 24-00441). All relevant
ethical regulations were followed, and all the research was con-
ducted in accordance with the Declaration of Helsinki.
Results

Patient characteristics

A total of 156 patients received BCMA CAR-T between 2017 and
2023, with a higher proportion of ide-cel patients receiving infusion
during 2017 to 2018 (28% vs 3.2%) and a higher proportion of
cilta-cel patients (63% vs 26%) in the 2022 to 2023 period. In this
cohort, 48% of patients received BCMA CAR-T in an off-trial
setting, whereas 52% were part of clinical trials and received the
recommended phase 2 dose. Baseline characteristics, including
age at infusion, international staging systemic, presence of EMD,
and presence of high-risk cytogenetics (deletion 17p (del17p),
t(14;16), t(4;14), and gain 1q) were comparable across patients
receiving the 2 BCMA CAR-T products. Other baseline charac-
teristics can be found in Table 1. The incidence of CRS and ICANS
were similar to those previously reported for cilta-cel2 and ide-cel,1

and there was no difference in the incidence of CRS/ICANS
between the products (CRS, 88% vs 86%[P = .75] and ICANS
13% vs 11% [P = .65] for cilta-cel and ide-cel, respectively). Most
cases of CRS were grade 1 (73% for cilta-cel and 76% for ide-
cel). The median follow-up time of the cohort was 17.5 months
(range, 1-58) for all patients, 9.4 months (range, 1-54.7) for cilta-
cel, and 33.2 months (range, 2.3-58) for ide-cel. Only 10
patients (1 ide-cel and 9 cilta-cel) had a follow-up of <3 months.
The overall response rate was 89%, with complete response (CR)
being achieved by 65% (n = 104) of patients, and 46% (n = 72)
achieved minimal residual disease negativity in the whole cohort.
See Table 1 for details.

ALC kinetics after BCMA CAR-T

Individual ALC values before lymphodepleting conditioning (day
–5) and from days 0 to +15 for the entire cohort and for each
BCMA CAR-T product are shown in supplemental Figure 1A-B.
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Overall, an increase in ALC after days +6 to +7 was seen with both
products, although there were notable differences in ALCmax and
time to ALCmax between ide-cel and cilta-cel (supplemental
Figure 1C). The median preconditioning ALC was 0.83 × 103/μL
(0.5× 103 to 1.2 × 103/μL) for ide-cel and 1.0 × 103/μL (0.5 × 103

to 1.3× 103/μL) for cilta-cel (P = .6), whereas the median ALCmax

for all patients was 1.28 × 103/μL (0.7 × 103 to 2.7 × 103/μL);
however, patients treated with cilta-cel had a higher median
ALCmax than those treated with ide-cel (2 × 103/μL [0.99 × 103 to
4.4 × 103/μL] vs 0.8 × 103/uL [0.50 × 103 to 1.1 × 103/μL]; P <
.001). The absolute change in ALC was 1.28 × 103/μL (0.6 × 103

to 2.9 × 103/μL) for the entire cohort, with cilta-cel patients
exhibiting higher absolute change than ide-cel patients (2.1 × 103/
μL [0.9 × 103 to 4.4 × 103/μL] vs 0.77 × 103/μL [0.4 × 103 to
1.1 × 103/μL]; P < .001). Using 3.75 × 103/μL as the upper limit of
normal for ALC, 32% of cilta-cel–treated patients developed
lymphocytosis compared with none of those treated with ide-cel.
Similarly, 74% and 29% of patients treated with cilta-cel and ide-
cel, respectively, had an ALCmax >1.0 × 103/μL (P < .001;
supplemental Table 2).

Patients who received ide-cel had a shorter time to ALCmax than
patients treated with cilta-cel (median time to ALCmax day +11 [9-
13] vs day +12 [11-13]; P = .002). Differences in the timing of the
ALC rise were seen between CAR-T products when median ALC
at each day was compared between products with higher median
ALC at days +6 and +7 for ide-cel, followed by higher median ALC
for those treated with cilta-cel on days +11 through +15.
Conversely, there were no differences seen in the median pre-
conditioning ALC or in the baseline ALC between the 2 BCMA
CAR-T cohorts. Additionally, preconditioning ALC and ALCmax had
a very weak (r = 0.17) correlation that was not statistically signifi-
cant (P = .053; supplemental Figure 2).

Presence of ICANS and CRS and absolute

lymphocyte change

Association of several baseline variables with ALCmax was explored
using univariable linear regression, both for each CAR-T cohort and
as a pooled cohort. The presence of CRS was associated with
higher ALCmax for all patients with an odds ratio (OR) of 5.16
(95% CI, 1.4-18.7; P = .018) and for those receiving cilta-cel (OR,
12.6; 95% CI, 1.7-93; P = .013). There was an association trend
between ALCmax and presence of CRS in the ide-cel group
but was not statistically significant (OR, 1.38; 95% CI, 0.77-1.7;
P = .1) Similarly, the presence of ICANS was associated with
higher ALCmax in the pooled cohorts (OR, 6.6; 95% CI, 1.8-24.5;
P = .005) and in both cilta-cel (OR, 13; 95% CI, 1.9-90.1;
P = .009) and ide-cel (OR, 1.57; 95% CI, 1.03-2.03; P = .03)
groups. Interestingly, patients who developed late neurotoxicity had
higher ALCmax than those who did not (4.3 × 103/μL vs 1.1 × 103/μL;
P = .02).

Moreover, higher grade of CRS was also associated with higher
ALCmax in the pooled cohorts and each product (Table 2;
supplemental Table 3). The time to CRS differed by product,
with ide-cel having earlier time to CRS when than cilta-cel
(median time to CRS of 1 day [0-1] vs 7 days [6-8]; P <
.001). Of note, the median ALCmax was significantly higher for
cilta-cel patients who experienced CRS than those who did not;
the median ALCmax was 2.5 × 103/μL vs 0.46 × 103/μL,
LYMPHOCYTOSIS AFTER BCMA CAR-T IN MYELOMA 3861



Table 1. Baseline characteristics of the BCMA CAR-T cohort

Variable

All patients

N = 156

CAR-T product

P value*

Ide-cel

n = 65

Cilta-cel

n = 91

Age at diagnosis median (IQR) 55 (48-62) 54 (48-58) 55 (48-66) .51

Age at CAR-T infusion median (IQR) 62 (55-69) 61 (53-68) 63 (56-71) .19

Secretory type, n (%)

Heavy and light chain 147 (94) 62 (95) 85 (93) .74

Light chain only 9 (5.8) 3 (4.6) 6 (6.6)

Presence of high-risk CG,† n (%)

No high-risk CG 54 (35) 22 (34) 32 (35) .86

High-risk CG 102 (65) 43 (66) 59 (65)

Heavy chain isotype, n (%)

IgA 30 (19) 13 (20) 17 (19) .96

IgG 89 (58) 37 (58) 52 (58)

Light chain only 35 (23) 14 (22) 21 (23)

Year CAR-T infusion, n (%)

2017-2018 21 (13) 18 (28) 3 (3.3) <.001

2019-2021 60 (38) 30 (46) 30 (33)

2022-2023 75 (48) 17 (26) 58 (64)

EMD

EMD present 65 (42) 23 (35) 42 (46) .18

EMD not present 91 (58) 42 (65) 49 (54)

Type of EMD, n (%)

Nonparaskeletal 20 (31) 4 (17) 16 (38) .16

Paraskeletal 29 (45) 11 (48) 18 (43)

Paraskeletal and nonparaskeletal 16 (25) 8 (35) 8 (19)

ISS stage, n (%)

Stage I 55 (44) 22 (45) 33 (43) .73

Stage II 40 (32) 17 (35) 23 (30)

Stage III 30 (24) 10 (20) 20 (26)

Best response after CAR-T, n (%)

CR 99 (64.2) 36 (55) 63 (72) .2

VGPR 21 (13.6) 11 (17) 10 (11)

PR 17 (11) 8 (12) 9 (9.1)

SD/PD 17 (11) 10 (15) 7 (8)

Autologous stem cell transplant, n (%) 133 (84) 55 (85) 78 (84) .85

Presence of CRS, n (%) 136 (87.1) 56 (86) 80 (88) .75

Presence of ICANS, n (%) 19 (12.1) 7 (11) 12 (13) .65

CG, cytogenetics; IgA, immunoglobin A; IQR, interquartile range; ISS, international staging systemic.
*Pearson χ2 test, Wilcoxon rank sum test, and Fisher exact test as appropriate.
†High-risk cytogenetics were defined as deletion 17p/t(4;14)/t(14;16)/gain 1q.
respectively (P = .001). Conversely, no significant difference
was observed for ide-cel.

ALC and outcomes after BCMA CAR-T

PFS and DoR. A total of 156 patients were evaluated for PFS and
composed of 91 and 65 patients who received cilta-cel and ide-cel,
respectively. Progression and death events were recorded in 70
and 25 patients, respectively. In univariable analysis, ALCmax >1.0 ×
3862 MEJIA SALDARRIAGA et al
103/μL, ALCmax above than the median for the cohort, and ALCmax in
the seconnd and third tertiles were associated with longer PFS,
whereas the presence of nonparaskeletal EMD and the CAR-T
product were associated with shorter PFS (supplemental
Table 4A). Similar results were seen when the univariable analysis
was conducted for each BCMA CAR-T product, (supplemental
Table 4B). The median PFS for those with ALCmax >1.0 × 103/μL
was 30.5 months (95%CI, 19.7 to not reached [NR]) vs 6.01 months
13 AUGUST 2024 • VOLUME 8, NUMBER 15



Table 2. Univariable regression of ALCmax with other variables for all

patients receiving BCMA CAR-T

Variable OR 95 % CI P value

Age at CAR-T infusion 1.03 0.98-1.07 .26

Presence of CRS

No — — .013

Yes 5.16 1.4-18.7

Highest CRS grade

Grade 1 — — .016

Grade 2 3.4 0.98-11.8

Grade 3 11.7 1.5-90.6

Presence of ICANS*

No — — .004

Yes 6.7 1.8-24.8

High-risk CG*

No high-risk CG — — .52

High-risk present 1.3 0.5-3.4

Number of previous lines 0.9 0.8-1.05 .2

EMD

Nonparaskeletal EMD absent — — .8

Nonparaskeletal EMD 1.1 0.4-3.2

ISS stage

Stage I — — .2

Stage II 0.4 0.1-1.4

Stage III 1.2 0.3-4.8

BCMA CAR-T product

Ide-cel — — <.001

Cilta-cel 11.5 5.16-25.7

The bold character to emphasize on the significant values associated ALC max and for
visualization purposes.
*Presence of any of deletion 17p/t(4;14)/t(14;16)/gain 1q.
(95% CI, 4.4-17.1; P < .001), with a HR of 0.34 (95% CI, 0.21-0.56;
Figure 1A-C). After adjusting for the presence of nonparaskeletal
EMD, high-risk cytogenetics, number of previous lines of therapy, and
CAR-T product, only ALCmax >1.0 × 103/μL (HR, 0.37; 95% CI, 0.2-
0.65; P < .001) and the presence of nonparaskeletal EMD (HR. 2.15;
1.3-3.5; P = .003) remained strongly associated with PFS in a
multivariable Cox proportional hazard model (Table 3).

For DoR, similar results were seen in a cohort of 137 evaluable
patients (82 cilta-cel and 55 ide-cel). In univariable analysis,
ALCmax, absolute ALC change, and categorical ALCmax variables
(ALCmax by tertiles, ALC above or below the median ALCmax, and
ALCmax >1.0 × 103/μL) were associated with improved DoR in the
pooled cohort. Factors associated with worse DoR included
the presence of nonparaskeletal EMD and high-risk cytogenetics.
The association of ALCmax >1.0 × 103/μL with improved
DoR persisted in multivariable analysis (HR, 0.46; 95% CI, 0.2-0.9;
P = .025) after controlling for nonparaskeletal EMD, high-risk
cytogenetics, number of previous lines of therapy, and high-risk
cytogenetics (supplemental Figure 4; supplemental Table 5)

Of note, similar results were seen when a sensitivity analysis was
performed assessing the effect of receiving a lower dose than the
13 AUGUST 2024 • VOLUME 8, NUMBER 15
Food and Drug Administration–approved standard-of-care dose
for each product (300 × 106 to 450 × 106/kg for ide-cel and
0.5 × 106/kg to 1.0 × 106/kg for cilta-cel), the presence of
out-of-specification (out-of-spec) characteristics, and the clinical
trial setting (clinical trial, commercial, or as out-of-spec expanded
access program). Importantly, none of these variables was signifi-
cantly associated with ALCmax or PFS in univariable regression
(supplemental Table 4). Additionally, when excluding patients with
out-of-spec products or lower dose than the standard of care, the
associations between ALC and PFS/DoR remained significant.
Patient who received bendamustine (n = 10) as conditioning
regimen had higher ALC at day 0 (preinfusion) than those who
received flurdarabine/cyclophosphamide (n = 146; 0.09 × 103/μL
[0.09 × 103 to 0.14 × 103/μL] vs 0.00 × 103/μL [0.00× 103 to
0.05 × 103/μL]; P < .001); however, there was no difference in
ALCmax between the regimens (bendamustine, 1.16 × 103/μL
[0.7× 103 to 1.9 × 103/μL]; flurdarabine/cyclophosphamide,
1.26 × 103/μL [0.62 × 103 to 2.82 × 103/μL]; P = .93). There was
no difference in PFS by the occurrence of CRS (PFS, 19 months
vs 30 months; P = .49) or ICANS (12.3 months vs 21.4 months;
P = .31).
Depth of response and progression status. Patients with a
very good partial response (VGPR) or CR had higher median
ALCmax than those who achieved a partial response or stable
disease (SD)/PD as best response (Table 4 and Figure 2A).
ALCmax, absolute change in ALC, and ALCmax >1.0 × 103 cells per
μL were associated with higher odds of VGPR or better in uni-
variable logistic regression, and this effect persisted after including
the presence of nonparaskeletal EMD in a multivariable regression
(supplemental Table 6). Importantly, preconditioning ALC and
baseline ALC had no impact on depth of response, and there was
no relationship in terms of time to initial or best response with
ALCmax. The presence of CRS was associated with VGPR or
better (83% vs 44%; P < .001); however, there were no differ-
ences in terms of depth of response by the occurrence of ICANS
(69% vs 80%; P = .34).

Additionally, when the occurrence of disease progression was
assessed as a dichotomous variable in patients with >6 month of
follow-up, those who had not experienced disease progression had
a higher median ALCmax than those who had progressed (1.86 ×
103/μL vs 0.79 × 103/μL, respectively; P < .001). Similarly, patients
who had achieved VGPR or better response had higher ALCmax

(1.67 × 103/μL vs 0.5 × 103/μL; P < .001) (Figure 2B). Of note,
these findings were seen when analyzing each product alone
(supplemental Figure 5). Furthermore, an ALCmax >1 × 103/μL was
associated with lesser odds of progression on univariate logistic
regression for the whole cohort and for each product as well
(supplemental Table 7) and remained significant when including
nonparaskeletal EMD in multivariable analysis (supplemental
Table 8).

Specific ALCmax cutoff as prognostic tools

Given the strong association of ALCmax with depth of response and
PFS, we assessed whether different ALCmax cutoffs as set
thresholds would be clinically applicable to identify patients with
the likelihood of deeper response or improved PFS or those with
high-risk of lack of response or early progression.
LYMPHOCYTOSIS AFTER BCMA CAR-T IN MYELOMA 3863
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Figure 1. Survival analysis according to ALC and other disease features. PFS by ALCmax (A), presence of high-risk cytogenetics (any of deletion 17p, t(4;14), t(14;16) or

gain 1q) (B), and presence of nonparaskeletal EMD (non-PS EMD) (C) subgroups in the BCMA CAR-T cohort. PFS in patients treated with cilta-cel (D) and ide-cel (E).
An ALCmax ≤0.5 × 103/μL identified patients with lack of
response and shorter PFS due to progression on follow-
up. Patients with a ALCmax ≤0.5 × 103/μL during days
0 through +15 represented a group with poor outcomes,
regardless of the BCMA CAR-T product received. Patients with
ALCmax ≤0.5 × 103/μL had a lower median PFS than those with
ALCmax >0.5 × 103/μL (3.7 [95% CI, 2.5 to NR] vs 24.1 months
[95% CI, 17.4-24.1], respectively; P < .001). Similar results were
seen when this cutoff was assessed individually in each BCMA
CAR-T product, with a median PFS of 2.1 (95% CI, 1.6 to NR) vs
30.1 months (95% CI, 12.8 to NR; P = .004) for patients who
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received cilta-cel and 4.4 months (95% CI, 2.8 to NR) vs
19 months (95% CI, 9.6-33.1; P = .002) for patients treated with
ide-cel (Figure 1).

Patients with ALCmax >1.0 × 103/μL had improved PFS.
Similarly, patients with a ALCmax >1.0 × 103/μL had longer PFS
than those with a lower ALCmax after CAR-T infusion (33.1 months
[95% CI, 24.1 to NR] vs 6 months [95% CI, 4.4-15.4]; P < .001).
This was also seen in both products, with patients who received
ide-cel (19.8 months vs 8.5 months; P = .023) or cilta-cel (NR vs
5.3 months; P < .0001) having a better PFS (Figure 1D-E).
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Table 3. Multivariable Cox proportional hazard model for PFS in

BCMA CAR-T cohort

Variable HR 95 % CI P value

Age at CAR-T infusion 0.99 0.96-1.01 .32

ALCmax, >1 × 10
3
/μL

ALCmax, ≤1.0 × 103 cells per μL — — <.001

ALCmax, >1.0 × 103 cells per μL 0.35 0.19-0.61

EMD

No nonparaskeletal disease — — .002

Nonparaskeletal EMD 2.2 1.3-3.6

CAR-T product received

Ide-cel — — .43

Cilta-cel 0.8 0.47-1.39

Number of previous lines 1.05 0.99-1.1 .1

High-risk CG*

No high-risk CG — — .061

High-risk CG 1.63 0.98-2.7

Only patients with a follow-up >1 month were included. The bold characters emphasize the
significant values associated with ALC max and for visualization purposes.
*Presence of any of deletion 17p/t(4;14)/t(14;16)/gain 1q.
As mentioned before, an ALCmax of >1.0 × 103/μL was associated
with improved PFS in univariable regression analysis and after
adjusting for CAR-T product, presence of EMD, number of treat-
ment lines, and presence of high-risk cytogenetics in multivariable
Cox model. Furthermore, an ALCmax >1.0 × 103/μL remained
associated with improved PFS when applied to patients with
high-risk cytogenetics (19.8 months vs 5.3 months; P < .001) and
nonparaskeletal EMD (12 months vs 4.5 months; P = .008;
Table 3; supplemental Figures 4-6).

Baseline characteristics by ALCmax >1 × 103/μL are shown on
supplemental Table 9. Higher rates of cytotoxic chemotherapy,
bendamustine, and cyclophosphamide use as part of last line
before apheresis were seen in the group with ALCmax <1.0 ×
103/μL, as well as lower ALC and higher D-dimer pre-
lymphodepletion. There was no difference in ferritin, C-reactive
protein, or D-dimer at baseline or highest ferritin during first
30 days after infusion between those with ALCmax ≤1.0 × 103/μL
and >1 × 103/μL. Furthermore, highest ferritin during first
30 days was the only inflammatory biomarker that had any cor-
relation with ALCmax; however, the correlation was weak
(Spearman r = 0.23; P = .003).
Table 4. Depth of response and progression status at last follow-up

Best

response

VGPR/CR

n = 113

Median ALCmax, ×10
3/μL (IQR) 1.5 (0.8-3.1)

Progression status Nonprogressor

n = 88

Median ALCmax, ×10
3/μL (IQR) 1.82 (0.92-4.27)

Only patients with >3 months of follow-up were included in the best response assessment. Re
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Immune effector cell hematological toxicity and ALC.
When assessed from days 30 through 60, a total of 70 (52.2%),
93 (67.4%), and 19 patients (13.7%) developed any neutropenia,
thrombocytopenia, and anemia, respectively. There were no dif-
ferences in terms of median ALCmax in those patients with cyto-
penia with those without the respective cytopenia, either when all
cytopenia grades were pooled or each specific grade compared
with the noncytopenia group (supplemental Figure 7).

Infectious events and ALC. Of 156 patients, 33 (21.1%) had
nonneutropenic infectious events during the first 30 days after
CAR-T. There were no differences in ALCmax between those who
had an infectious episode and those who did not (1.4 × 103/μL
[0.8× 103 to 3.4 × 103/μL] vs 1.25 × 103/μL [0.6 × 103/μL to
2.5 × 103/μL]; P = .2, respectively). Furthermore, there were no
differences in terms of maximal ANC during days 0 to 15, ALCmax

>1.0 ×103/μL, age at CAR-T infusion, or the year of CAR-T
administration. Characteristics of infectious events and the use of
Intravenous immunoglobulins (IVIG), ANC, and ALC at the time of
infection can be seen in supplemental Tables 10 and 11.

Lymphocytosis after BCMA CAR-T is mainly driven by

expansion of BCMA CAR-T lymphocytes

Peripheral blood was collected for flow cytometry in 4 patients on
days 7, 14, and 21. The ALCmax values were 4.3 × 103/μL, 13.7 ×
103/μL, 2.2 × 103/μL, and 0.4 × 103/μL and occurred at day 13
for all 4 patients. Flow cytometry showed presence of BCMA
CAR-T lymphocytes in all patients on day 7 at low quantities,
representing <0.2% of the T lymphocytes. This was followed by
significant expansion of the total lymphocytes and BCMA CAR-T
on day 14, with BCMA CAR-T representing 54% to 57% of T
lymphocytes in 2 patients and 88.6% in the third (supplemental
Figure 8A-C). At day 21, there was persistence of BCMA CAR-
T in all 3 cases, although with lower proportion of BCMA CAR-
T lymphocytes, representing 40.05%, 66.7%, and 48.8% of T
cells (supplemental Figure 9). These 3 patients responded to
BCMA CAR-T without disease progression at the latest follow-up.
However, in the fourth patient who had an ALCmax of 0.4 × 103/μL
and SD that subsequently progressed within 2 months of CAR-T
infusion, the BCMA CAR-T represented only 1% and 0.2% of T
lymphocytes on days 14 and 21, respectively (supplemental
Figure 8D). We observed a significant strong correlation
between ALC and the percentage of BCMA positive T cells
(Spearman r = 0.93; P < .0001), suggesting that ALC is a good
indicator for CAR-T expansion.
All patients

PR

n = 14

SD/PD

n = 17 P value

0.8 (0.5-1.3) 0.5 (0.4-0.7) <.001

Progressor

n = 68

P value

0.79 (0.49-1.40) <.001

sponse and progression based on International Myeloma Working Group criteria.
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Figure 2. Comparison of ALC kinetics according to clinical outcomes. ALC by depth of response status (A) and progression status (B) from days –5 through +15. Shaded

area represents 95% CI.
ALC dynamics differ from BCMA CAR-T and CD19

CAR-T for NHL

The ALC dynamics during days –5 through +15 between patients
receiving BCMA CAR-T and a cohort of patients receiving CD19
CAR-T for NHL at Weill Cornell Medicine were compared. A total
of 105 patients with NHL received CD19 CAR-T (82 patients
received axicabtagene ciloleucel, 7 patients received brex-
ucabtagene autoleucel, 7 patients tisagenlecleucel, and 9
received lisocabtagene maraleucel). The main indications for
CD19 CAR-T included R/R NHL (81 patients for large B-cell
lymphoma, 7 patients for follicular lymphoma, 4 patients for mar-
ginal zone lymphoma, and 1 patient for small lymphocytic lym-
phoma, and 7 patients for mantle cell lymphoma). The ALC
dynamics varied when comparing both BCMA vs CD19 CAR-T
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and by individual product. The median ALCmax for BCMA CAR-T
was 1.3 × 103/μL (0.7 × 103 to 2.9 × 103/μL), with a median
time to ALCmax of 12 days (10-13), whereas the median ALCmax

for CD19 CAR-T was 0.47 × 103/μL (0.3 × 103 to 0.8 × 103/μL),
with a median time to ALCmax of 10 days (8-13), which were
significantly different (P < .001 for both; Figure 3). Of note, there
were no differences in ALC on day 0 before infusion between
BCMA CAR-T and CD19 CAR-T. There was no correlation of best
response after CD19 CAR-T as assessed by the Lugano response
criteria with ALCmax, with no differences in median ALCmax across
overall response or depth of response (median ALCmax for CR,
0.5 ×103/μL [0.3 × 103 to 0.8 × 103/μL]; partial response,
0.40 ×103/μL [0.2 × 103 to 0.75 × 103/μL]; SD/PD, 0.7 ×103/μL
[0.4 × 103/μL to 1 × 103/μL]; P = .11).
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Discussion

Although CAR-T expansion after infusion is a well-described phe-
nomenon across different hematological malignancies and CAR-T
constructs, overt lymphocytosis in the setting of recent lympho-
depleting conditioning has not been widely investigated, and this
phenomenon had not been reported for the cases of CD19 CAR-T
for NHL or BCMA CAR-T for MM.

In this study of 156 patients with R/R MM undergoing BMCA
CAR-T with either cilta-cel or ide-cel, baseline ALC after lympho-
depleting chemotherapy was similar. We observed an increase in
post–CAR-T ALC with both products, with a median ALCmax of
1.26 × 103/μL across the cohort. Furthermore, differences in ALC
kinetics, both in terms of ALCmax and time to ALCmax, were iden-
tified by product, with higher ALCmax peaking at a later time point
for cilta-cel than ide-cel. The occurrence of CRS and ICANS
preceded ALCmax and were directly correlated with ALC expansion
after BCMA CAR-T infusion.

Importantly, the degree of ALC increase, either measured by
ALCmax or absolute ALC change from baseline, were associated
with improved relevant clinical outcomes such as response rate,
depth of response, and importantly PFS and DoR. Notably, the
association between higher ALCmax and PFS/DoR was maintained
after controlling for age, the presence of nonparaskeletal EMD,
high-risk cytogenetics, number of previous lines, tumor burden,
inflammatory biomarkers, and CAR-T product. Furthermore, an
ALCmax cutoff point of ≤0.5 × 103/μL identified a population of
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patients with poor outcomes, with a median PFS <4 months irre-
spective of BCMA CAR-T product used. Conversely, patients with
ALCmax >1.0 × 103/μL had significantly better deeper responses
and a median PFS of 30 months. Based on these findings, we
believe these 2 cutoffs represent useful clinical prognostic indi-
cators that could be easily measured early after CAR-T infusion.

Our analysis of this large multicenter study showed that last line
alkylators before leukapheresis, and specifically bendamustine,
were associated with a significantly lower ALCmax and worse PFS.
This observation is consistent with previous findings in patients
with large B-cell lymphoma.17 Although we did not perform
profiling of relevant cytokines, we observed that baseline inflam-
matory markers such as ferritin, C-reactive protein, and D-dimer
were associated with worse outcomes. However, in multivariate
analysis, only ALCmax >1.0 × 103/μL and nonparaskeletal EMD
were the only independent factors for PFS. Analysis of different
groups by CAR-T product or ALCmax levels showed no significant
differences in terms of pre–CAR-T tumor burden, high-risk cyto-
genetics, presence of nonparaskeletal EMD, or previous lines
between the 2 products or ALCmax groups; however, higher pro-
portion of patients in the group with lower ALCmax (≤1 × 103/uL)
received bendamustine before CAR-T, had lower median pre-
lymphodepletion ALC, and had higher median D-dimer at baseline.
These findings suggest that preinfusion patient characteristics
such as exposure to alkylating agents or inflammatory status may
also contribute to response to CAR-T and CAR-T expansion as
evidenced by ALC.
LYMPHOCYTOSIS AFTER BCMA CAR-T IN MYELOMA 3867



The link between ALC and CAR-T expansion was confirmed in 4
patients. Flow Cytometry analysis at days 7, 14, and 21 showed
that ALCmax was specifically driven by BCMA CAR-T lymphocytes,
with overall kinetics for the CAR-Ts reflecting those seen in ALC,
suggesting that it could be a widely accessible surrogate to assess
BCMA CAR-T expansion in clinical practice. Recently, a study on
27 patients with R/R MM receiving ide-cel showed that expansion
of CAR-Ts was associated with better outcomes.18 Although
BCMA CAR-T expansion in our study is responsible for most of the
observed increase in ALC, non–CAR-T lymphocytes are also part
of the increase in ALC, suggesting that expansion of endogenous
or non–CAR-T lymphocytes also plays a role. Nonetheless, future
studies that elucidate the differences in T-cell phenotypes of both
CAR and native T cells are needed to understand this phenomenon
and how it affects different outcomes. Moreover, although a higher
ALCmax during days 0 through +15 is highly predictive of response,
long-term progression may be influenced by additional factors such
as CAR-T persistence, exhaustion, or disease-specific character-
istics leading to tumor escape and resistance.

In previous study of patients with B-ALL receiving CD19 CAR-T,
high ALC was frequent and correlated with depth of response
and outcomes; however, we did not observe this relationship
between ALCmax and response in NHL in our cohort. Furthermore,
clear differences in terms of ALC kinetics were evident between
BCMA and 4 CD19 CAR-T products, suggesting that post–CAR-T
lymphocytosis may be influenced by disease-specific characteris-
tics as seen between BCMA CAR-T for MM and CD19 CAR-T for
NHL and B-ALL.

In conclusion, our study presents ALC in the first 15 days after
infusion as a novel, yet widely available, biomarker for predicting
response to BCMA CAR-T therapy in the R/R MM setting. We
propose an ALCmax ≤0.5 × 103/μL as a negative prognostic factor
associated with worse responses and shorter PFS and ALCmax

>1.0 × 103/μL as a positive prognostic factor that portends deeper
and more durable response to BCMA CAR-T therapy. Our findings
also open the door for further understanding of the phenotypic
differences in the immune microenvironment, CAR-T characteris-
tics, and T-cell characteristics between patients with higher ALC
and those with low levels.
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