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The number of patients treated with CAR-T cells is increasing

https://www.ebmt.org/registry/data-collection-car-t-cells

CAR-T cell treatment is
expanding to autoimmune
disease, solid tumors,…



CAR-T procedures by year (n=1580) in Italian centres 
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Baguet C Blood Adv 2024

Market authorization for CAR-T cells in EU



Different protocols for MNCs collection-handling among companies

Bobr A Cytotherapy 2024



from August 2027



Quantity of cells collected  (CE)

Quality of starting material (cell composition)

The right start is the foundation of successful therapy
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COLLECTION: repeat
CBC count and CD3+ 

analysis in PB!

The collection is critical to permit the 
manufacturing of CAR-T cells





Set of leukapheresis collection influences lymphocyte yield 
and product manufacturing

 Collection efficiency (CE): collecting enough T cells



40% CE is reported as accepted
value

CE is used to estimate the volume 
to be processed to achieve the 
target dose of T‐cells

1 x10*9 T‐cells is usually sufficient to start 
CAR T‐cell manufacturing



Optimizing cell collection is
recommended to obtain enough

T cells for manufacturing

+ MCV!



Shi PA 2020

Optimizing CD3+ CE

 Set apheresis device
basing on individual
variables

 Accurate Hct

 Steady blood flow 
(vascular access and 
anticoagulation)

Retrospective study 249 pts

Older donor age associated with a decrease in CE1 of 
TNC, lymphocytes, monocytes, and MNCs

much larger decrease in monocyte collection
efficiency and increase of Plt collection

No influence of starting Hb levels

Pre-procedure CBC associated either with an increase 
or decrease of CE1

CVC associated with lower CE1 of cells
Cid J Journal Clin Aph 2019



 Continuous or two chamber programs demonstrated similar cell recovery after 
cryopreservation and thawing for manufacturing T cell and dendritic products

 Increased blood volume processed/flow rate may be associated with higher CE and 
granulocyte, platelet and red cell contamination

 Volume to process prediction algorithms minimize volume processed to reach the 
target cell product yield

 Older age, AML, lower Hb and high plt count are associated with low CE

Pfeiffer H Transfusion 2018

Constantinou VC Transfusion 2019

Chen J Transfusion 2019

Tuazon SA et al Transfusion 2019

Ceppi F Transfusion 2018

Leukapheresis and CE

Importance of center effect



Quantity of cells collected  (CE)

Quality of starting material (cell composition)

The right start is the foundation of successful therapy



Ramesh et al 2023

CAR-T cell therapy: failure and open questions
CAR-T failure in 15% to 40% ALL, > 50% of patients BCL



Factors influencing clinical response:
the importance of T-cell fitness

LKF quality T- cell fitness

 Previous treatments
 Disease status
 Patient age
 Cell number (CD3+)
 Populations/phenotypes
 Intestinal microbiota

 high-burden disease
 T-lymphopenia
 chemotherapy
 systemic inflammation



T-cell expansion potential varies by 
disease group and cycle of therapy 

Timing of collection is critical in most
patients

Cancer Discovery 2019



Leukapheresis cell composition and CAR-T manufacturing

Higher proportions of myeloid cells in the
PBMC concentrates were associated with 
poorer T-cell expansion

 Product quality: 
• high lymphocyte purity
• low RBC content
• Low PLT content
• Low Mo content

Unsuccessful manufacturing ≈7% ALL, ≈25% NHL



High monocyte in LKF products negatively impact response and PFS of 
CD19–targeted CAR T-cell therapy in patients with lymphoma

Carniti C et al. Blood Adv, 2024







Caccamo Front Immunol 2018

Early memory



TSCM are stable during ageing 

Li Immunity and Ageing 2019



Typical release criteria for CAR-T cell products



Potency assay for CAR-T is essential to understand
product biology and effectiveness

Wang D, JCI Insight 2018
Lee D, Lancet 2015
Malandro N, Immunity 2016 

There are no univocal quality tests to predict CAR-T cell function

• CAR-T cell exhaustion
• differences in T cell proliferation 
• phenotypic alterations post stimulation
• high tumor burden



Conclusion
» The characteristics of leukapheresis product can predict CAR-T cell

efficacy therefore standardization based on patients characteristics
should be implemented

» CAR-T centers must implement apheresis capacity to ensure sufficient
slots for patients’ access: apheresis capacity must grow in synchrony
with CAR-T expansion

» T-cell subsets with high proliferative capacities (early lineage 
phenotypes), survival, functionality, and specificity to antigenic target 
will help improving the development of more efficient CAR T cells.

» Need for defining different potency assays to infuse the best CAR-T 
cells in different diseases (biological activity)
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