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CAR: chimeric antigen receptor;
GMP: good manufacturing practice; 
OOS: out of specification

1. Bersenev A & Kili S. Cell Gene Ther Insights 2018; 4:1051–1058. 2. Guidelines on Good Manufacturing Practice specific to Advanced Therapy Medicinal 
Products (Jun 2017; available at https://ec.europa.eu/health/sites/health/files/files/eudralex/vol4/2017_11_22_guidelines_gmp_for_atmps.pdf).

3. Yescarta SmPC (May 2019; available at www.ema.europa.eu). 4. Adapted from Scientific and Regulatory Considerations for Gene Modified T Cell Therapy. 
(Nov 2017; available at https://pharm.ucsf.edu/sites/pharm.ucsf.edu/files/cersi/media-browser/Graeme%20Price%20and%20Kristin%20Baird.pdf).

CAR T cell manufacturing process differs 
of the production of conventional drug 
products

Raw starting materials

GMP manufacture

In-process and lot 
release testing

Distributio
n

CAR T cell manufacturing process:

• Personalised to each patient1

• Inherent variability of starting 
product1

• Limited batch size2

• Complex manufacturing process1,2

• Specialised facility with highly trained 
personnel3

• OOS production1

Conventional manufacture4

CAR T cell 
product
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CAR-T Cells approved indications for hematological 

malignancies

CID MAH Date of MA in 
Europe

Indications Targeted tumor 
antigen

tisagenlecleucel Novartis August 2018 r/r ALL (< 26 
years old)
r/r NHL

CD19

axicabtagene
ciloleucel

Kite / Gilead August 2018 r/r NHL & PMBCL CD19

brexucabtagene
autoleucel

Kite / Gilead December 2020 r/r MCL
r/r ALL

CD19

lisocabtagene
maraleucel

Celgene / BMS not yet 
approved

r/r NHL CD19

idecabtagene
vicleucel

Celgene / BMS August 2021 adv Multiple 
myeloma

BCMA

ciltacabtagene
autoleucel

Legend Pharm. / 
Janssen Pharm. 
/ J&J 

not yet 
approved

adv Multiple 
myeloma

BCMA
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ICD (commercial 

name)

MAH Indication(s) Date MA was

granted

Vector type Co-

stimulatio

n domain

Registration studies Real-World Data (RWD) ORR CRS / ICANS 

incidence (all 

grades)

tisagenlecleucel Novartis r/r B-cell ALL * August 2017 (FDA) 

August 2018 (EMA)

lentiviral 4-1BB ELIANA 

Maude SL et al. N Engl J 

Med. 2018 Feb 

1;378(5):439-448. doi: 

10.1056/NEJMoa170986

6

Pasquini MC et al. 

Blood Adv. 2020 Nov 

10;4(21):5414-5424. 

doi: 

10.1182/bloodadvances

.2020003092. 

81% 77% / 40%

r/r DLBCL October 2017 

(FDA)

August 2018 (EMA)

JULIET

Schster SJ et al. N Engl J 

Med. 2017 Dec

28;377(26):2545-2554. 

doi: 

10.1056/NEJMoa170856

6. Epub 2017 Dec 10

Iacoboni G et al. Cancer 

Med. 2021 

May;10(10):3214-3223. 

doi: 

10.1002/cam4.3881. 

Epub 2021 May 1.

52% 58% / 21%

axicabtagene

ciloleucel

Kite / Gilead r/r DLBCL

r/r PMBCL

October 2017 

(FDA)

August 2018 (EMA)

retroviral CD28 ZUMA-01

Neelapu SS et al. N Engl J 

Med. 2017 Dec

28;377(26):2531-2544. 

doi: 

10.1056/NEJMoa170744

7. Epub 2017 Dec 10.

Jacobson CA et al. J Clin 

Oncol. 2020 Sep 

20;38(27):3095-3106. 

doi: 

10.1200/JCO.19.02103. 

Epub 2020 Jul 15

82% 93% / 64%

relmacabtagene

autoleucel

JW 

Therapeutics

r/r DLBCL September 2021 

(National Medical

Products

Administration (N

MPA) of China)

RELIANCE Zhu J, et al. ASH 2020. 

Abstracts 1186

Chabannon C et al. Bull Cancer. 2021. in press

Inter-trial comparisons should not be made due to differences in study design, patient populations, treatment 

interventions, and duration of follow-up, among others. We cannot make direct comparisons or draw conclusions from 

one trial to another. For descriptive purposes, efficacy results for each of the studies mentioned are listed.
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ICD (commercial 

name)

MAH Indication(s) Date MA was

granted

Vector type Co-

stimulation 

domain

Registration studies Real-World Data (RWD) ORR CRS / ICANS 

incidence (all 

grades)

brexucabtagene

autoleucel

Kite / Gilead r/r MCL July 2020 (FDA)

December 2020 

(EMA)

retroviral CD28 ZUMA-02

Wang M et al. N Engl J 

Med. 2020 Apr 

2;382(14):1331-1342. doi: 

10.1056/NEJMoa1914347

NA 85% 91% / 63%

lisocabtagene

maraleucel

BMS 

(Celgene)

r/r DLBCL February 2021 

(FDA)

lentiviral 4-1BB TRANSCEND 

Abramson JS et al. Lancet. 

2020 Sep 

19;396(10254):839-852. 

doi: 10.1016/S0140-

6736(20)31366-0. Epub

2020 Sep 1

NA 73% 42% / 30%

idecabtagene

vicleucel

BMS 

(Celgene)

MM 

progression

after treatment

with one agent 

from the three

major classes

March 2021 (FDA) / 

August 2021 (EMA)

lentiviral 4-1BB KARMMA

Munshi NC et al. N Engl J 

Med. 2021 Feb 

25;384(8):705-716. doi: 

10.1056/NEJMoa2024850

NA 73% 84% / 18%

ciltacabtagene 

autoleucel

Janssen (J&J / 

Legend 

Therapeutics)

MM 

progression

after treatment

with one agent 

from the three

major classes

lentiviral 4-1BB CARTITUDE

Berdeja JG et al. Lancet. 

2021 Jul 

24;398(10297):314-324. 

doi: 10.1016/S0140-

6736(21)00933-8. Epub 

2021 Jun 24

NA 97% 95% / 21%

Chabannon C et al. Bull Cancer. 2021.  In press

Inter-trial comparisons should not be made due to differences in study design, patient populations, treatment interventions, and duration of follow-up, among 

others. We cannot make direct comparisons or draw conclusions from one trial to another. For descriptive purposes, efficacy results for each of the studies 

mentioned are listed.

US FDA has approved liso-cel for the treatment of R/R DLBCL . Liso-cel is not approved by EMA in Europe. 

Cilta-cel is not approved by any regulatory agency.
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9

Registration of patients treated 
with CAR-T Cells in France
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Registration of patients treated 
with CAR-T Cells in Europe
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The European landscape for CAR-T Cells 

development

➢ Participation of EU centers and 
investigators to industry-sponsored 
clinical trials

➢ The EBMT Cellular Therapy & 
Immunobiology Working Party (CTIWP) 
survey 2018 (A Urbano-Ispizua et al; 
unpublished)

➢ The EBMT CTIWP Workshops

➢ Newly designed CAR-T Cells and 
IECs

➢ Targeting other tumor 
antigens, new CAR design …

➢ “biosimilars”

➢ Covering indications that are 
not covered by approved and 
commercially available CAR-T 
cells
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Collection of blood mononuclear cells (1)

• Uses apheresis as a mean for extracorporeal separation 

of blood components and selective collection or depletion 

of one component

• Apheresis has many applications in medicines

• Many hematopoietic cellular therapies that are currently 

approved use peripheral blood mononuclear cells as the 

starting material for the manufacturing process

20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



Continuous collection

Continuous Harvest
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Collection of blood mononuclear cells (2)

• The disposables and programs used for the collection of 

autologous mononuclear cells with the intention to 

manufacture CAR-T Cells are similar to those used in the 

context of hematopoietic cell transplantation

Autologous Allogeneic

Unmobilized Source of immune 
effector cells

ATMPs
off-line ECP

DLI

After mobilization 
treatment with 
rhG-CSF

Source of stem 
cells

auto-HCT
ATMPs

allo-HCT
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Factors that affect apheresis efficiency

• Patient related factors

– Circulating blood counts, including absolute lymphocyte counts

– Medical history, prior treatments

• Procedural aspects

– Total blood volume to be processed

– inlet flow rate, collect flow rate, AC ratio … can be adjusted by the 

operator

– [Number of sessions]
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High rates of success for collection

• Published reports suggest close to 100% success rates in 

adults, even when severely lymphopenic

• Adverse events are usually mild and similar in nature to 

those encountered when blood mononuclear cells are 

collected for other purposes than manufacturing of CAR-T 

Cells

• Management of low-weight pediatric patients require 

specific measures
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Factors that affect T-cell functionality

• Prior treatments

• Ongoing treatments

– Many treatments must be discontinued several days before 

apheresis is performed, including steroids, other immune-

suppressive drugs, immune modulators …

• Contaminants in the mononuclear cell fraction:
– Stroncek DF et al. Myeloid cells in peripheral blood mononuclear cell concentrates inhibit the 

expansion of chimeric antigen receptorT cells. Cytotherapy, 2016; 18: 893–901. 

http://dx.doi.org/10.1016/j.jcyt.2016.04.003
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Type of therapy EBMT/EHA recommendations Comments 

Allo-HCT Patients should be off 

immunosuppression and GvHD-
free 

A minimum of one month is recommended with the 

requirement to be GvHD-free and off 
immunosuppression 

DLI At least 4 weeks 6-8 weeks may be safer to rule out any GvHD 

High-dose chemotherapy 3-4 weeks Recovery from cytopenias is required 

Intrathecal therapy One week  

Short-acting cytotoxic/anti-

proliferative drugs 

3 days Recovery from cytopenias is required 

Systemic corticosteroids 

 

Minimum of 3 days  

but ideally 7 days 

ALC ≥0.2x109/L is recommended 

Table 4. Washout period before leukapheresis [adapted from Kansangra et al, BBMT 201915] Key. Allo-SCT: 
allogeneic stem cell transplantation; GvHD: graft versus host disease; DLI: donor lymphocyte infusion; ALC Absolute 

Lymphocyte Count. 
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CAR-T Cells attributes and clinical outcome ?

• Rossi J et al. Preinfusion polyfunctional anti-CD19 chimeric antigen receptor T 

cells are associated with clinical outcomes in NHL. Blood. 2018;132:804-14. DOI 

10.1182/blood-2018-01-828343.

• Finney OC et al. CD19 CAR T cell product and disease attributes predict 

leukemia remission durability. J Clin Invest. 2019; 129:2123-32. 

https://doi.org/10.1172/JCI125423
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Shipment of the collected cell product

• From the cell processing facility teaming up with the collection 

facility

• In compliance with the manufacturer’s instructions

• The collected cell product is handled to a courier mandated by 

the manufacturer

• Depending on manufacturer’s instructions, the cells may be 

shipped “fresh” or following on-site cryopreservation

– Cryopreservation allows for more flexibility

– Cryopreservation raises the issue of precautionary collection of blood MNC
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Change of status during the 

manufacturing process

• The apheresis 
product qualifies as 
human cells

• CAR-T Cells qualify 
as a Medicinal 
Product
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Cell Collection & Cell Processing Facilities act as 

suppliers of the medicinal product manufacturer

• Audits & re-audits of Cell Collection & Cell Processing 

facilities

– Document control (SOPs)

– Tour of facilities

– Training / habilitation of personnel …

• Same approach than for

FACT-JACIE Accreditation
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Conclusions (1)

• Apheresis is a key step in the manufacturing process

• There is currently no specific protocol for mononuclear cell 

collection in view of manufacturing autologous CAR-T Cells 

– Proper execution of apheresis relies on the implementation of a 

strict Quality Management System (QMS)

• Collection of the required number of MNC / CD3+ cells is 

feasible in the vast majority of cases, even in severely 

lymphopenic patients
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Conclusions (2)

• Beyond numbers, functionality of collected cells likely affects:

– The success of the manufacturing process

– The functionality of manufactured CAR-T Cells

– The clinical activity of the infused medicinal product, including in 

vivo expansion and persistence

• Importance to discontinue all treatments that affect T cell 

functions before proceeding to apheresis

• Biological monitoring of patients and quality controls on 

collected cell products will provide important information
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