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Cellular Therapy Department, CHU Bordeaux, Bordeaux, France; 9Hematology and Internal Medicine Department, Institut Universitaire du Cancer-Oncopole, CHU de
Toulouse, Toulouse, France; 10Hematology and Cellular Therapy Department, CHU de Clermont-Ferrand, Clermont-Ferrand, France; 11Department of Hematology CHRU
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Key Points

• More than half of the
patients need
transfusion support
after CAR T-cell
therapy; various factors
may affect transfusion
needs.

• Transfused patients
have a poorer outcome
with both an increased
lymphoma-related
mortality and
nonrelapse mortality.
 02 M
ay 2024
Chimeric antigen receptor (CAR) T-cells targeting CD19 have been approved for the treatment

of relapse/refractory large B-cell lymphoma. Hematotoxicity is the most frequent CAR T-cell–

related adverse event. Transfusion support is a surrogate marker of severe cytopenias.

Transfusion affects patients’ quality of life, presents specific toxicities, and is known to affect

immunity through the so-called transfusion-related immunomodulation that may affect CAR

T-cell efficacy. We analyzed data from 671 patients from the French DESCAR-T registry for

whom exhaustive transfusion data were available. Overall, 401 (59.8%) and 378 (56.3%)

patients received transfusion in the 6-month period before and after CAR T-cell infusion,

respectively. The number of patients receiving transfusion and the mean number of

transfused products increased during the 6-month period before CAR T-cell infusion, peaked

during the first month after infusion (early phase), and decreased over time. Predictive

factors for transfusion at the early phase were age >60 years, ECOG PS ≥2, treatment with

axicabtagene ciloleucel, pre–CAR T-cell transfusions, and CAR-HEMATOTOX score ≥2.
Predictive factors for late transfusion (between 1 and 6 months after infusion) were pre–CAR

T-cell transfusions, CAR-HEMATOTOX score ≥2, ICANS ≥3 (for red blood cells [RBC]

transfusion), and tocilizumab use (for platelets transfusion). Early transfusions and late

platelets (but not RBC) transfusions were associated with a shorter progression-free survival

and overall survival. Lymphoma-related mortality and nonrelapse mortality were both

increased in the transfused population. Our data shed light on the mechanisms of early and

late cytopenia and on the potential impact of transfusions on CAR T-cell efficacy and toxicity.
0 December 2023; prepublished online
2024; final version published online 26
dvances.2023011727.
tudy.
available upon reasonable request from
.houot@chu-rennes.fr).

The full-text version of this article contains a data supplement.
© 2024 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

1573

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1182/bloodadvances.2023011727
mailto:roch.houot@chu-rennes.fr
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2023011727&domain=pdf&date_stamp=2024-03-26


D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/8/6/1573/2219001/blooda_adv-2023-011727-m

ain.pdf by guest on 02 M
ay 2024
Introduction

Based on the impressive results in pivotal trials, 3 different chimeric
antigen receptor (CAR) T-cell products targeting CD19 have been
approved for the treatment of relapse or refractory (R/R) large B-cell
lymphoma (LBCL): axicabtagene ciloleucel (axi-cel), tisagenlecleucel
(tisa-cel), and lisocabtagene maraleucel.1-5 Initially, attention has
been paid mostly on early and specific side effects such as cytokine
release syndrome (CRS) and immune effector cell-associated
neurotoxicity syndrome (ICANS).6,7 However, other complications
have emerged with late follow-up, including hematotoxicity (also
called immune effector cell-associated hemato-toxicity [ICAHT]),
which is the most common long-term CAR T-cell–related adverse
event in real-world studies.8,9 Grade ≥3 neutropenia, anemia, and
thrombocytopenia as defined by the common terminology criteria of
adverse events at any time after CAR T-cell infusion have been
reported in 72% to 91%, 55% to 69%, and 28% to 62% of cases,
respectively.9,10 Rejeski et al described 3 different patterns of
hematopoietic reconstitution after CAR T-cell therapy: quick recov-
ery, intermittent recovery, and aplastic phenotype.10 The second one
is the most common pattern, characterized by a first recovery by
week 3, followed by a second neutrophil and platelet dip observed
later in month 2.9,10 Importantly, some patients present with cyto-
penia for months after treatment, potentially affecting outcome with
severe infections or hemorrhages.11-13 The CAR-HEMATOTOX
score, based on cytopenia and inflammatory markers (C-reactive
protein and ferritin) before lymphodepletion chemotherapy helps to
identify patients at risk of pronounced myelosuppression after CAR
T-cell infusion and is predictive of a poorer outcome.10,11

A recent international survey performed by the European Hematology
Association (EHA) and European society for Blood and Marrow
Transplantation (EBMT) in 18 countries highlighted a strong het-
erogeneity in terms of grading and management of ICAHT14 and lead
to the publication of experts’ recommendations but also underlined
the lack of studies on this topic.15 Although growth factors are widely
used,16-19 transfusion support with packed red blood cells (RBC) or
platelets is often needed to avoid symptomatic anemia or major
bleeding. Transfusion represents a surrogate marker of hematologic
toxicity. Transfusion needs directly affect patients’ quality of life and
present specific adverse events such as iron overload, circulatory
overload, or infections. Transfusions are also known to affect immu-
nity through a phenomenon called transfusion-related immunomo-
dulation20-22 and thus may affect CAR T-cell efficacy.

RBC or platelets transfusions have been reported in ~55% to 66%
of patients after CAR T-cell infusion,9,23 but little is known about
the specific needs, complications, and outcomes in this population.
The aim of this study is to describe the transfusion needs in
patients receiving commercial anti-CD19 CAR T-cell therapy for
LBCL in the real-world setting. Secondary objectives are to search
for predictive factors associated with transfusion needs after CAR
T-cell therapy and to examine the potential correlation between
transfusion needs and CAR T-cell efficacy and toxicity.

Methods

Population and data collection

The DESCAR-T (Dispositif d’Enregistrement et de Suivi des
CAR-T) registry is the French national registry designed by the
1574 VIC et al
Lymphoma Study Association/Lymphoma Academic Research
Organization to collect data from patients treated with commercial
CAR T cells outside of clinical trials. Patients are included in this
registry if they are considered eligible for CAR T-cell therapy and if
the indication for this treatment is validated by a multidisciplinary
committee of an accredited center. Data regarding patients, tumor
characteristics, CAR T-cell efficacy, and toxicity are prospectively
completed by local investigators.

Etablissement Français du Sang is the French blood bank that
coordinates collection, storage, and distribution of all blood-derived
products. It is the only institution for such products at the national
level and has an exhaustive database regarding transfusion.
Because transfusion data were not registered in the DESCAR-T
registry at the time of this study, we matched the Etablissement
Français du Sang database with the DESCAR-T registry to get the
precise number of received blood products for each patient, using
common identifying data.

The inclusion criteria were: patients treated for R/R LBCL with
commercial CD19 CAR T cells registered in the DESCAR-T
database, presenting with at least a 6-month follow-up after infu-
sion, and for whom exhaustive transfusion data were available.
Patients were censored for transfusions at relapse, new treatment
onset, or death. We distinguished transfusions received at the early
phase, meaning during the first month after CAR T-cell infusion;
and at the late phase, meaning beyond the first and until the sixth
month.

Statistical analysis

For the univariate analysis, continuous variables were analyzed by
Wilcoxon test and categorical ones by Fisher exact test. Differ-
ences between groups were considered statistically significant for
P values <.05. Variables with a significant P value were retained for
the multivariate analysis. A stepwise selection of variables was
used for each model in multivariate analysis. Estimates of survival
were calculated according to the Kaplan-Meier method and
compared using the log-rank test.

Ethical considerations

All patients or their representatives provided informed consent to
noninterventional use of personal data before inclusion in the
DESCAR-T registry. This study was approved by local ethics
committee on 4 March 2022.

Results

Patients’ baseline characteristics

From August 2018 to September 2022, a total of 671 patients
registered in the DESCAR-T registry treated in 19 different French
centers met the eligibility criteria. Overall, 429 (63.9%) received
axi-cel and 242 (36.1%) tisa-cel. Patients’ characteristics are
presented in Table 1 (and supplemental Tables 3-6). At the time of
CAR T-cell infusion, median age was 63 years (range, 18-82), 99
patients (18.4%) had an Eastern Cooperative Oncology Group
performance status (ECOG PS) ≥2, and 204 (30.8%) presented a
bulky disease (>5 cm). Median number of prior lines was 2 (range,
2-10), and 118 patients (17.6%) had received a prior autologous
stem cell transplantation. Overall, 82.7% of patients received a
bridging therapy, which consisted of systemic chemotherapy in
26 MARCH 2024 • VOLUME 8, NUMBER 6



Table 1. Patients’ baseline characteristics for the entire cohort, and a comparison between patients receiving at least 1 transfusion after CAR

T-cell infusion vs no transfusion

Entire cohort,

N = 671

No transfusion,

n = 293

At least 1 transfusion,

n = 378 P value

Histology .179

DLBCL, NOS 457 (68.1%) 188 (64.2%) 269 (71.2%)

PMBL 27 (4.0%) 14 (4.8%) 13 (3.4%)

HGBL 34 (5.1%) 13 (4.4%) 21 (5.6%)

PCNSL 1 (0.1%) 1 (0.3%) 0 (0.0%)

Transformed FL 90 (13.4%) 47 (16.0%) 43 (11.4%)

Others* 62 (9.2%) 30 (10.2%) 32 (8.5%)

Age at CAR T-cell infusion, y

Median (range) 63.0 (18-82) 62.0 (18-82) 64.0 (18-80) .004

>60 397 (59.2%) 159 (54.3%) 238 (63.0%) .027

ECOG PS at CAR-T infusion <.001

0-1 440 (81.6%) 222 (89.5%) 218 (74.9%)

≥2 99 (18.4%) 26 (10.5%) 73 (25.1%)

Missing 132 45 87

Number of prior lines

Median (range) 2 (2 - 10) 2 (2 – 9) 3 (2-10) .082

Refractory to first line 302 (45.0%) 119 (40.6%) 183 (48.4%) .070

Previous HSCT

Autologous 118 (17.6%) 58 (19.8%) 60 (15.9%) .220

Allogeneic 8 (1.2%) 2 (0.7%) 6 (1.6%) .476

Chemotherapy within 6 mo before CAR T-cell
infusion (excluding bridge)

503 (75.0%) 205 (70.0%) 298 (78.8%) .009

Chemotherapy within 6 mo before CAR T-cell
infusion (including bridge)

618 (92.1%) 262 (89.4%) 356 (94.2%) .030

HCT-CI score at CAR T-cell infusion .982

1-2 237 (88.8%) 101 (89.4%) 136 (88.3%)

≥3 30 (11.2%) 12 (10.6%) 18 (11.7%)

Missing 404

aaIPI at diagnostic .009

0-1 230 (38.1%) 118 (44.0%) 112 (33.3%)

≥2 374 (61.9%) 150 (56.0%) 224 (66.7%)

Missing 67 25 42

Bulky disease (>5 cm) at CAR T-cell infusion 204 (30.8%) 71 (24.5%) 133 (35.7%) .002

Bridging therapy 555 (82.7%) 236 (80.5%) 319 (84.4%) .217

Type of bridging therapy

Chemotherapy 469 (84.5%) 188 (79.7%) 281 (88.1%) .009

Radiotherapy 49 (8.8%) 21 (8.9%) 28 (8.8%) 1.000

Corticosteroids 49 (8.8%) 26 (11.0%) 23 (7.2%) .131

Monoclonal antibody 402 (72.4%) 167 (70.8%) 235 (73.7%) .501

Other immunotherapy 27 (4.9%) 9 (3.8%) 18 (5.6%) .425

IMiD 38 (6.8%) 18 (7.6%) 20 (6.3%) .611

Other bridge† 35 (6.3%) 14 (5.9%) 21 (6.6%) .860

aaIPI, age-adjusted international prognostic index; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HCT-CI, hematopoietic cell transplant comorbidity index; HGBL, high grade
B-cell lymphoma; HSCT, hematopoietic stem cell transplantation; IMiD, immunomodulatory drug; NOS, not otherwise specified; PMBL, primary mediastinal B-cell lymphoma; PCNSL, primary
central nervous system lymphoma; UNL, upper normal limit.
Values in bold signify statistical significance (p<0.05).
*Others include: T-cell/histiocyte-rich LBCL (n = 10), 3A-follicular lymphoma (n = 1), transformed marginal-zone lymphoma (n = 19), transformed chronic lymphocytic leukemia (n = 12),

transformed Hodgkin (n = 8), DLBCL after PCNSL (n = 3), DLBCL leg type (n = 2), posttransplant lymphoproliferative disorder (n = 1), and “gray zone” meaning with features between DLBCL
and classical Hodgkin lymphoma (n = 6).
†Others include: intrathecal chemotherapy (n = 7), ibrutinib (n = 20), lenalidomide (n = 3), oral etoposide (n = 1), and missing (n=4).
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Table 1 (continued)

Entire cohort,

N = 671

No transfusion,

n = 293

At least 1 transfusion,

n = 378 P value

Type of CAR T-cell <.001

Tisa-cel 242 (36.1%) 130 (44.4%) 112 (29.6%)

Axi-cel 429 (63.9%) 163 (55.6%) 266 (70.4%)

CAR-HEMATOTOX score before

lymphodepletion

<.001

Low (0-1) 228 (37.3%) 130 (49.6%) 98 (28.1%)

High (≥2) 383 (62.7%) 132 (50.4%) 251 (71.9%)

Missing 60 31 29

Cytopenia grade ≥3 before lymphodepletion

Anemia 41 (6.2%) 10 (3.5%) 31 (8.3%) .014

Thrombocytopenia 41 (6.2%) 14 (4.9%) 27 (7.3%) .256

Neutropenia 64 (10.4%) 25 (9.1%) 39 (11.4%) .426

Ferritin before lymphodepletion <.001

Median (range), μg/L 555 (5-27809) 368 (11.3-15209) 804 (5-27809)

>UNL 416 (72.6%) 151 (59.4%) 265 (83.1%)

Missing 98 39 59

aaIPI, age-adjusted international prognostic index; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HCT-CI, hematopoietic cell transplant comorbidity index; HGBL, high grade
B-cell lymphoma; HSCT, hematopoietic stem cell transplantation; IMiD, immunomodulatory drug; NOS, not otherwise specified; PMBL, primary mediastinal B-cell lymphoma; PCNSL, primary
central nervous system lymphoma; UNL, upper normal limit.
Values in bold signify statistical significance (p<0.05).
*Others include: T-cell/histiocyte-rich LBCL (n = 10), 3A-follicular lymphoma (n = 1), transformed marginal-zone lymphoma (n = 19), transformed chronic lymphocytic leukemia (n = 12),

transformed Hodgkin (n = 8), DLBCL after PCNSL (n = 3), DLBCL leg type (n = 2), posttransplant lymphoproliferative disorder (n = 1), and “gray zone”meaning with features between DLBCL
and classical Hodgkin lymphoma (n = 6).
†Others include: intrathecal chemotherapy (n = 7), ibrutinib (n = 20), lenalidomide (n = 3), oral etoposide (n = 1), and missing (n=4).
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85.2% of cases. Before lymphodepletion, 126 patients (20.2%)
presented at least 1 grade ≥3 cytopenia, and the CAR-
HEMATOTOX score was high (≥2) in 383 patients (62.7%).
Median follow-up was 18.2 months (95% confidence interval [CI],
17.7-19).

Transfusion needs over time

Overall, 401 patients (59.8%) were transfused in the 6-month
period before CAR T-cell infusion: 357 (53.2%) received RBC,
and 301 (44.9%) received platelets transfusion. The number of
patients receiving transfusion increased month by month to reach a
maximum of 228 patients (34.0%) within the month before treat-
ment (30.3% requiring RBC and 19.2% platelets transfusion)
(Figure 1A). The mean number of transfused RBC and platelets
units per month in the 6-month period before CAR T-cell infusion
also increased progressively to reach 1.0 (range, 0-15) and 0.7
(range, 0-29) during the month before infusion, respectively
(Figures 1B,C). After CAR T-cell infusion, 378 patients (56.3%)
received transfusion: 345 (51.4%) received RBC transfusion and
280 (41.7%) received platelets transfusion (Figure 2A). The high-
est transfusion needs were at the early phase (ie, within in the first
month), with 359 patients (53.5%) requiring at least 1 transfusion,
including 317 (47.2%) for RBC and 252 (37.6%) for platelets
(Figure 2B). During the early phase, the mean number of trans-
fused RBC and platelets units were 1.6 (range, 0-13) and 2.3
(range, 0-44), respectively. At the late phase (ie, between 1 and
6 months after infusion), 202 patients (36.7%) received trans-
fusion, including 172 (31.3%) for RBC and 181 (32.9%) for
platelets (Figure 2C). The mean number of transfused units
decreased over time after CAR T-cell infusion. Beyond the third
1576 VIC et al
month, transfusion needs were very low with only 22 patients
(6.0%) requiring at least 1 transfusion (4.7% for RBC and 4.9% for
platelets).

Predictive factors of transfusion after CAR T-cell

infusion

We defined 4 different groups based on the time between CAR-T
infusion and transfusion (early <1 month vs late ≥1 month and until
6 months) and the type of transfused product (RBC vs platelets). In
a univariate analysis comparing 23 factors between the transfused
and nontransfused populations, 18 of them were found significantly
different in at least 1 group (supplemental Table 1).

Those 18 variables were integrated into a multivariate model
(Table 2). Factors significantly associated with early RBC trans-
fusion were: age >60 years at infusion (adjusted odds ratio [aOR],
2.06; 95% CI, 1.38-3.07; P = .0004), at least 1 transfusion before
CAR T-cell therapy (aOR, 9.71; 95% CI, 6.37-14.71; P < .0001),
high (≥2) CAR-HEMATOTOX score (aOR, 2.01; 95% CI, 1.34-
3.01; P = .0007), treatment with axi-cel vs tisa-cel (aOR, 2.02;
95% CI, 1.34-3.05; P = .0008), and ECOG PS ≥2 at infusion
(aOR, 2.86; 95% CI, 1.62-5.04; P = .0004). Factors significantly
associated with early platelets transfusion were: age >60 years at
infusion (aOR, 1.61; 95% CI, 1.09-2.38; P = .0175), at least 1
transfusion before CAR T-cell therapy (aOR, 7.35; 95% CI,
4.74-11.49; P < .0001), high (≥2) CAR-HEMATOTOX score
(aOR, 2.42; 95% CI, 1.60-3.66; P < .0001), treatment with axi-cel
vs tisa-cel (aOR, 2.12; 95% CI, 1.40-3.19; P = .0004), and ECOG
PS ≥2 at infusion (aOR, 2.28; 95% CI, 1.35-3.87; P = .0028).
Factors significantly associated with late RBC transfusion were: at
26 MARCH 2024 • VOLUME 8, NUMBER 6
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Figure 2. Venn diagrams representing transfusion needs for RBCs and

platelets after CAR T-cell infusion. (A) in the 6-month period after CAR-T infusion,

(B) in the early phase (<1 months), and (C) in the late phase (≥1 and until 6 months).
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least 1 transfusion before CAR T-cell therapy (aOR, 5.43; 95% CI,
3.37-8.85; P < .0001), high (≥2) CAR-HEMATOTOX score (aOR,
1.98; 95% CI, 1.27-3.09; P = .0026), and ICANS grade ≥3 (aOR,
3.01; 95% CI, 1.62-5.59; P = .0005). Factors significantly asso-
ciated with late platelets transfusion were: at least 1 transfusion
before CAR T-cell therapy (aOR, 7.75; 95% CI, 4.65-12.99; P <
.0001), high (≥2) CAR-HEMATOTOX score (aOR, 2.15; 95% CI,
1.37-3.37; P = .0008), and tocilizumab use (aOR, 1.85; 95% CI,
1.15-2.98; P = .0118).

Correlation between transfusion needs and outcome

The best overall response rate (ORR) for the entire cohort was
71.8%, including 54.1% of patients with a complete response (CR)
and 17.7% with a partial response (PR). Neither ORR nor CR were
Figure 1. Evolution of transfusion needs overtime. (A) represents the percentage of p

units with standard error of the mean; and (C) represents the mean number of transfused
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statistically different between patients who received transfusion
and nontransfused patients, at early and late phase after CAR
T-cell infusion (supplemental Figure 1). However, early transfusions
were associated with a shorter progression-free survival (PFS) for
RBC (median PFS, 3.1 vs 6.0 months; P = .0042) and platelets
(median PFS, 3.1 vs 5.8 months; P = .0054). Late platelets
transfusion also affected PFS (median PFS, 5.6 vs 12.0 months;
P = .0072), whereas late RBC transfusion did not (median PFS,
8.8 vs 8.5 months; P = .7199) (Table 3 and supplemental
Figure 2). Similarly, early transfusions were associated with a
shorter overall survival (OS) for RBC (median OS, 9.0 vs
21.1 months; P < .0001) and platelets (median OS, 7.8 vs
21.1 months; P < .0001). Late platelets transfusion also affected
OS (median OS, 13.8 months vs not reached; P < .0001), whereas
atients who received transfusion; (B) represents the mean number of transfused RBC

platelets units with standard error of the mean.
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Table 2. Predictive factors of early and late transfusions after CAR T-cell therapy

A

Transfusion in the early phase (<1 month)

RBC Platelets

aOR (95% CI) P value aOR (95% CI) P value

Age >60 y at infusion 2.06 (1.38-3.07) .0004 1.61 (1.09-2.38) .0175

≥1 transfusion (RBC or platelets) within 6 mo before
CAR T-cell therapy

9.71 (6.37-14.71) <.0001 7.35 (4.74-11.49) <.0001

High (≥2) CAR-HEMATOTOX score 2.01 (1.34-3.01) .0007 2.42 (1.60-3.66) <.0001

Treatment with axi-cel (vs tisa-cel) 2.02 (1.34-3.05) .0008 2.12 (1.40-3.19) .0004

ECOG PS ≥2 at infusion 2.86 (1.62-5.04) .0004 2.28 (1.35-3.87) .0028

B

Transfusion in the late phase (≥1 mo)

RBC Platelets

aOR (95% CI) P value aOR (95% CI) P value

≥1 transfusion (RBC or platelets) within 6 mo before
CAR T-cell therapy

5.43 (3.37-8.85) <.0001 7.75 (4.65-12.99) <.0001

High (≥2) CAR-HEMATOTOX score 1.98 (1.27-3.09) .0026 2.15 (1.37-3.37) .0008

ICANS grade ≥3 3.01 (1.62-5.59) .0005 NS

Tocilizumab use NS 1.85 (1.15-2.98) .0118

The table presents a multivariate analysis.
Factors tested in the multivariate analysis but not predictive were age-adjusted international prognostic index (aaIPI) a diagnostic, refractoriness to firstline treatment, prior autologous stem cell

transplantation, chemotherapy within 6 months before CAR T-cell therapy, chemotherapy as bridging therapy, bulky disease (>5 cm) at infusion, CRS grade ≥3, corticosteroids use after CAR T-
cell infusion, intensive care unit (ICU) admission after CAR T-cell infusion, erythropoietin (EPO) use after CAR T-cell infusion, and granulocyte-colony stimulating factor (G-CSF) use after CAR T-
cell infusion.
NS, non-significant.
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late RBC transfusion did not (median OS, 20.6 vs 24.1 months;
P = .0971) (Figure 3 and Table 3).

In the entire study population, 345 patients (51.4%) died: 267
(39.8%) from disease progression or relapse, referred to as
lymphoma-related mortality; 68 (10.1%) from nonrelapse mor-
tality (NRM), defined as deaths due to toxicity (8.3%), concur-
rent illness (0.6%), or other reason (1.2%); and 10 (1.5%) from
unknown reasons (supplemental Table 2). Cumulative incidence
of lymphoma-related mortality was significantly higher for
Table 3. Survival outcomes including median PFS and OS for early

populations

A

Median PFS (months)

Transfused Not transfused

Early RBC (<1 mo) 3.1 6.0

Early platelets (<1 mo) 3.1 5.8

Late RBC (≥ 1 mo) 8.8 8.5

Late platelets (≥ 1 mo) 5.6 12.0

B

NRM (%)

Transfused Not transfused

Early RBC (< 1 mo) 12.3 8.2

Early platelets (< 1 mo) 14.3 7.6

Late RBC (≥ 1 mo) 14.0 6.9

Late platelets (≥ 1 mo) 14.9 6.2

LRM, lymphoma-related mortality.
Values in bold signify statistical significance (p<0.05).
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patients receiving early RBC and/or platelets transfusion and
late platelets transfusion but not late RBC transfusion (Figure 4
and Table 3). Cumulative incidence of NRM was significantly
higher for patients receiving early and late platelet transfusion
and late (but not early) RBC transfusion. Indeed, NRM was ~2
times higher for patients receiving early RBC transfusion (12.3%
vs 8.2%; P = .095), early platelets transfusion (14.3% vs 7.6%;
P = .008), late RBC transfusion (14.0% vs 6.9%; P = .010), and
late platelets transfusion (14.9% vs 6.2%; P = .001) (Figure 4
and Table 3).
and late transfusions, as well as NRM and LRM in the different

Median OS (months)

P value Transfused Not transfused P value

.0042 9.0 21.1 <.0001

.0054 7.8 21.1 <.0001

.7199 20.6 24.1 .0971

.0072 13.8 Not reached <.0001

LRM (%)

P value Transfused Not transfused P value

.095 44.8 35.3 .014

.008 46.0 36.0 .012

.010 34.3 32.5 .697

.001 38.7 30.4 .054

TRANSFUSION NEEDS AFTER CAR T-CELL THERAPY 1579

1727-m
ain.pdf by guest on 02 M

ay 2024



1.0

0.8

0.6

0.4

0.2

0.0

0 6 12 18 24 30 36

No

Yes

354

317

271

193

162

106

100

66

46

36

12

13

6

6

OS since 1st administration (months)

No

Yes

354

317

No. of subjects

44.1 % (156)

58.4 % (185)

Event

55.9 % (198)

41.6 % (132)

Censored

21.1 (16.1 ; NA)

9.0 (7.4 ; 13.5)

Median survival (95% CI)

+ Censored
Log-rank P  .0001

Su
rv

iva
l p

ro
ba

bil
ity

No Yes

A

1.0

0.8

0.6

0.4

0.2

0.0

0 6 12 18 24 30 36

No

Yes

419

252

316

148

187

81

116

50

56

26

17

8

8

4

OS since 1st administration (months)

+ Censored
Log-rank P  .0001

Su
rv

iva
l p

ro
ba

bil
ity

No Yes
C

No

Yes

419

252

No. of subjects

44.4 % (186)

61.5 % (155)

Event

55.6 % (233)

38.5 % (97)

Censored

21.1 (16.0 ; NA)

7.8 (6.8 ; 9.9)

Median survival (95% CI)

1.0

0.8

0.6

0.4

0.2

0.0

0 6 12 18 24 30 36

No

Yes

371

179

303

131

173

83

105

55

48

29

13

10

6

4

OS since 1st administration (months)

No

Yes

371

179

No. of subjects

40.7 % (151)

48.6 % (87)

Event

59.3 % (220)

51.4 % (92)

Censored

24.1 (18.5 ; NA)

20.6 (11.9 ; 34.2)

Median survival (95% CI)

+ Censored
Log-rank P = .0971

Su
rv

iva
l p

ro
ba

bil
ity

No Yes

B

1.0

0.8

0.6

0.4

0.2

0.0

0 6 12 18 24 30 36

No

Yes

367 306 182 113 53 15 7

183 128 74 47 24 8 3

OS since 1st administration (months)

+ Censored
Log-rank P  .0001

Su
rv

iva
l p

ro
ba

bil
ity

No Yes

No

Yes

367

183

No. of subjects

37.3 % (137)

55.2 % (101)

Event

62.7 % (230)

44.8 % (82)

Censored

Not reached (21.8 ; NA)

13.8 (8.7 ; 20.6)

Median survival (95% CI)

D

Figure 3. OS after CAR T-cell infusion for patients who received transfusion and those who did not. (A) RBC transfusion at the early phase, (B) RBC transfusion at the

late phase, (C) platelets transfusion at the early phase, (D) platelets transfusion at the late phase.
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Discussion

To our knowledge, this cohort is the largest to provide an accurate
description of transfusion needs in patients with R/R LBCL
receiving CD19 CAR T-cell therapy. In the 6-month period before
CAR T-cell infusion, the number of patients requiring transfusion
and the mean number of transfused units increased progressively.
Deep anemia and thrombocytopenia in this period may be
explained by cytotoxic treatments administered as salvage and/or
bridging therapy but also by the disease itself that may affect
hematopoiesis due to an inflammatory environment or a bone
marrow infiltration.24 After CAR T-cell infusion, the highest trans-
fusion needs peaked during the first month with 53.5% of patients
requiring at least 1 transfusion (RBC or platelets). Beyond the first
month, transfusion needs decreased over time with only 6% of
patients requiring at least 1 RBC or platelet transfusion per month
after month 3, which is less than before treatment at any time and
may reflect a good disease control. This timeline is consistent with
1580 VIC et al
the description of cytopenias’ evolution after CAR T-cell infusion
reported in the literature.1-3,23,25,26 Of note, the type of transfusion
products slightly differed with time, with most patients requiring
RBC during the first month (47.2% vs 37.6% for platelets) and
most patients requiring platelets beyond month 1 (32.9% vs 31.3%
for RBC), which is also consistent with previous studies showing
that anemia was more linked to the lymphodepleting chemotherapy
and recovered earlier than thrombocytopenia that was character-
ized by a second dip mostly occurring in the second month.10

We tried to assess risk factors associated with transfusion after
CAR T-cell therapy. In previous studies, clear differences have
been shown between early (usually defined as occurring within the
first month after CAR T-cell infusion) and late (occurring beyond
the first month) cytopenias, in terms of frequency, pathophysiology,
and prognostic value.9,11,23,27,28 Early cytopenias are mostly
explained by bridging and lymphodepleting chemotherapies, acute
CAR T-cell toxicities such as CRS/ICANS, infections, and less
26 MARCH 2024 • VOLUME 8, NUMBER 6
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frequently immune effector cell-associated hemophagocytic
lymphohistiocytosis-like syndrome.29 Delayed cytopenias are less
understood, with a suggested role of persistent inflammation, poor
marrow reserve, CAR T-cell costimulatory domain, and immune-
driven suppression of the hematopoietic stem cells mediated by
oligoclonal T cells or stromal cell-derived factor 1.9,10,23,27,30

European recommendations differentiated between early
(≤30 days) and late ICAHT (>30 days) for grading and treat-
ment.15 In our study, we dichotomized our analysis using this 1-
month cutoff. In multivariate analysis, 2 factors were associated
with RBC and platelets transfusion, regardless of the time after
CAR T-cell treatment: a high CAR-HEMATOTOX score (≥2) and
the history of at least 1 transfusion before CAR T-cell infusion. Our
study therefore confirms the ability of the CAR-HEMATOTOX
score to predict profound and protracted cytopenia and high-
lights the correlation between pre– and post–CAR T-cell trans-
fusion needs. Age >60 years, ECOG PS ≥2, and the CAR T-cell
type were found to be specifically linked to early transfusions.
Being older is not known to be a risk factor of high-grade ICAHT,
but a higher rate of cardiac and pulmonary comorbidities in this
population, combined with a more frequent antithrombotic therapy,
may increase the transfusion thresholds in this frailer popula-
tion.31,32 The association between a poor functional status and
higher treatment-related toxicity has been assessed in-depth in
many studies, and our correlation between ECOG PS and early
transfusion reinforces this observation.33 The CD28 CAR cos-
timulatory domain, compared with 4-1BB, has already been
demonstrated to increase CAR T-cell toxicity, including
ICAHT.34,35 Focusing on late transfusion events, they seemed to
be linked to early inflammatory adverse events because severe
ICANS and tocilizumab use (reflecting clinically relevant CRS)
increased the risk of RBC and platelets transfusion, respectively.
The impact of CRS and ICANS on cytopenias remains contro-
versial in the literature, mostly because the end points differed
between studies.9,10,23,36 Therefore, we could not compare directly
our study with others. Our data suggest that acute toxicities influ-
ence late but not early transfusion needs. Tocilizumab’s impact may
reflect the presence of clinically relevant CRS, but attention should
be paid on its proper effect because some studies reported an
increased risk of neutropenia when used to treat other conditions,
such as rheumatic polyarthritis, or in a prophylactic use for other
T-cell immunotherapies.37,38

Finally, in our study, transfusion needs correlated with clinical
outcome. Although no significant difference was found in terms of
best ORR or CR between patients receiving transfusion and those
who did not, early transfusions (RBC or platelets) and late platelets
transfusion negatively affected PFS and OS, with a higher mortality
rate related both to lymphoma progression and CAR T-cell toxicity.
Several reasons may explain this difference. First, the transfused
and nontransfused populations presented some baseline differ-
ences, notably in terms of performance status, age-adjusted
international prognostic index, and bulky disease (only for early
RBC transfusions) that may be confounding factors affecting
Figure 4. Cumulative incidence of lymphoma-related mortality and NRM after CAR

(A) LRM for RBC transfusion at the early phase. (B) LRM for RBC transfusion at the late

transfusion at the late phase. (E) NRM for RBC transfusion at the early phase. (F) NRM for R

(H) NRM for platelets transfusion at the late phase. LRM, lymphoma-related mortality.
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relapse and survival.39,40 Second, Rejeski et al showed recently
that an aplastic phenotype after CAR T-cell infusion, defined as
continuous severe neutropenia >14 days, is associated with limited
CAR T-cell expansion, immune dysregulation with higher markers
of T-cell suppression, endothelial dysfunction, inflammatory cyto-
kines and macrophage activation, and eventually a poorer PFS and
OS.11,41 Because neutrophils and platelets usually display a similar
course after CAR T-cell infusion,10 patients receiving late platelet
transfusion may overlap with the aplastic phenotype population and
thus share the same outcomes. On the contrary, RBC recovery
does not overlap platelets and neutrophils kinetic. Thus, the RBC-
transfused population may represent a distinct population. Third,
there is growing evidence that RBC and platelets transfusion, by
the means of allogenic antigen-presenting cells, soluble mediators,
and extracellular vesicles, may mitigate the recipient’s immune
system, notably with a decreased T-cell proliferation and a shift
toward a Th-2–secreting phenotype.42 This phenomenon corre-
sponds to the so-called “transfusion-related immunomodulation,”
which has been reported to induce tolerance and immune sup-
pression. Transfusions have demonstrated a positive impact on
solid organ transplant outcome, a negative one on cancer
dissemination and relapse, and on RR to checkpoint inhibitors in
solid cancers.20,22,43 Transfusion may thus impair CAR T-cell
fitness and lead to an increased relapse rate, although this
hypothesis needs to be further explored. Finally, prolonged cyto-
penia can predispose for significant infectious complications,
which is the main driver of NRM.12,44 We were not able to analyze
the association between transfusion needs and the severity/dura-
tion of neutropenia because of missing data, but we found a sig-
nificant association between both transfusion types and the use of
granulocyte-colony stimulating factor in the univariate analysis,
suggesting that the patients receiving transfusion display a multi-
lineage aplastic phenotype. Our data showed a 2-fold increased
NRM in the transfused population, mostly related to infectious and
hemorrhagic complications, highlighting the need to monitor
closely these patients.

Our study presents several limitations. Due to its retrospective
nature, some data are missing, especially regarding baseline
cytopenia and inflammatory markers that did not allow for us to
calculate the CAR-HEMATOTOX score in ~10% of the patients.
Data regarding bone marrow infiltration and duration of neu-
tropenia were only available in very few cases. Finally, data from the
DESCAR-T registry mostly include routine laboratory tests, so we
were not able to analyze CAR T-cell expansion and causes of
relapse that could have helped us to better understand the asso-
ciation between transfusion and outcome.

Conclusion

Our study provides an accurate description of transfusion needs in
patients with LBCL treated with CD19 CAR T-cell therapy. We
identified risk factors associated with early and late transfusion
needs after CAR T-cell infusion, mainly CAR-HEMATOTOX score,
pre–CAR T-cell transfusion needs, high-grade ICANS, and
T-cell infusion for patients who received transfusion and those who did not.

phase. (C) LRM for platelets transfusion at the early phase. (D) LRM for platelets

BC transfusion at the late phase. (G) NRM for platelets transfusion at the early phase.
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tocilizumab use. Finally, our study sheds light on the potential
impact of transfusions on CAR T-cell efficacy and toxicity. Our
results may help inform the management of patients treated with
CAR T-cell and support strategies that reduce transfusion needs
after CAR T-cell therapy.
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