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Toxicities of CAR T-cells Therapy

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAR T, chimeric antigen receptor T cell; 
CRS, cytokine release syndrome; IFN, interferon; IL, interleukin.
June CH, O’Connor RS, Kawalekar OU, Ghassemi S, Milone MC. Science. 2018;359(6382):1361-1365. 

CRS
ICANS

Immune effector cell-associated haematotoxicity

Immune effector cell-associated haematotoxicity after CAR T-cell therapy: from mechanism
to management Kai Rejeski, Michael D Jain, Nirali N Shah, Miguel-Angel Perales, Marion
Subklewe, Lancet Haematol 2024; 11: e459–70
INSPIRED Symposium Part 3: Prevention and Management of Pediatric Chimeric Antigen
Receptor T Cell-Associated Emergent Toxicities. Kevin O. McNerney et al. Transplantation
and Cellular Therapy 30 (2024) 38 55.

ICAHT
Local inflammation in bone marrow
Genotoxicity from prior therapies
Systemic inflammatory mediators

myelosuppresion



Typical Onset and Resolution of CRS & Neurologic Events

Lee DW, Gardner R, Porter DL, et al. Blood. 2014;124(2):188-195. 
Maus MV, et al. Journal for ImmunoTherapy of Cancer. 2020;8:e001511.
Kevin O. McNerney et al. Transplantation and Cellular Therapy 30 (2024) 38 55.
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Endothelial damage and Leukocyte activation as EVs source

Biomarkers for Early Complications of Endothelial Origin After Allogeneic Hematopoietic Stem Cell 
Transplantation: Do They Have a Potential Clinical Role?
Giuseppe Lia, Luisa Giaccone, Sarah Leone and Benedetto Bruno (2021) Front. Immunol. 12:641427.

Endothelial Cells Leukocytes

increase production
of extracellular vesicles



antibodies panel
Phallodin-FITC
LCD-APC
CD41a-PE
CD31-PE-Cy7
CD45-V500
CD146-BV786

Unbroken particles Platelets

Multiparametric Flow-Cytometry on individual EVs 
(absolute count of EVs originated from Endothelial cells, Leukocytes and Platelet)

EVs

Marchisio M. et al. (2020) International Journal of Molecular Sciences 22(1):48
DOI:10.3390/ijms22010048



Multiparametric Flow-Cytometry on individual EVs 
(absolute count of EVs originated from Endothelial cells, Leukocytes and Platelet)
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Consecutive enrollment of patients who 
undergo CAR T-cells  therapy

EDTA samples collected at pre-
lymphodepletion, on infusion day and
at days:

+1,+3,+7,+10,+14,+20-30



Patients Characteristic

92,5%



EVs subtypes dynamics after CAR T-cell infusion
CRS LK EVs
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EVs subtypes dynamics after CAR T-cell infusion
CRS EC EVs

time from onset
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EVs subtypes dynamics after CAR T-cell infusion
ICANS EC EVs

time from onset

Pr
e-

Ly
m

p.

in
fu

si
on

be
fo

re
on

se
t

1 
w

ee
k

2 
w

ee
ks

> 
2 

w
ee

ks

on
se

t no
Yes

NT
co

un
t /

 µ
l

600

400

200

0

time from onset

Pr
e-

Ly
m

p.

in
fu

si
on

be
fo

re
on

se
t

1 
w

ee
k

2 
w

ee
ks

> 
2 

w
ee

ks

on
se

t

co
un

t /
 µ

l 200

0

EC CD146+ EVs
no
Yes

NT

U-test
p 0,04

time from onset

Pr
e-

Ly
m

p.

in
fu

si
on

be
fo

re
on

se
t

1 
w

ee
k

2 
w

ee
ks

> 
2 

w
ee

ks

on
se

t

EC CD146+ EVs / EC EVs

no
Yes

ra
tio

0,8

0,4

0,2

1

0,6

0

NT

no     yes

pre-lymphodepletion
Endo EVs

co
un

t /
 µ

l

U-test
p 0,04 Increase of

EC CD146+

Count EVs 

OR       1,01
p-value 0,075

Logistic regression

Before onset



EVs subtypes dynamics after CAR T-cell infusion
cytopenia Platelets

time from infusion
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The study showed peculiar dynamics of different EVs subtypes before CART 
toxicities

Conclusions and Next Steps

EVs originated from activated Leukocytes are the most correlated with CRS

Evs originated from activated Endothelial cell are the most correlated with NT
And with cytopenia
• Potential diagnostic and prognostic values remain to be determined

Despite limited patient size of the study

In progress:

• We are evaluating other cell markers Circulant
Endothelial Cells and Endothelial Progenitor Cells

• We are other biomarkers using multiplexed assay
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