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Regulatory background



Evolution toward ATMPs

Context:
 New regulatory constraints: 

the “Advanced Therapy Medicinal Products” (ATMPs) (Directive 2001/83/CE)
New class of drugs, but still DRUGS!

 Defining an optimal organizational approach in order to support this evolution:
 Patients deserve to receive such innovative treatments
 But these new drugs are not standard ones, cover multiple regulations, 

and thus need to fit with several requirements
 A need expressed by institutional and industrial staff for developing structures 

able to manage CAR-T as soon as the early clinical stages

ATMP, Advanced Therapy Medicinal Products; CAR‐T, chimeric antigen receptor therapy.
European Medicines Agency. Directive 2001/83/EC. Available at: 
https://eur‐lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:02001L008320121116&from=EN. 
Accessed October 2019



Advanced Therapy Medicinal Products (ATMPs)

• Biological medicinal products 
(Annex I, Directive 2001/83/EC)

• Four categories
• Gene Therapy Medicinal Product (GTMP)

• Somatic Cell Based Medicinal Product (sCBMP)

• Tissue-Engineering Product (TEP)

• Combined ATMP 

ATMP, Advanced Therapy Medicinal Product; CAR‐T, chimeric antigen receptor therapy. 
European Medicines Agency. Directive 2001/83/EC. 
Available at: https://eur‐lex.europa.eu/legal‐content/EN/TXT/PDF/?uri=CELEX:02001L0083‐20121116&from=EN. Accessed October 
2019.

CAR‐T cells



CAR-T cells hospital management

CAR‐T, chimeric antigen receptor therapy; GMO, genetically modified; GMP, good manufacturing practices.
Porter DL, et al. N Engl J Med 2011;365:725–733; Porter DL, et al. J Cancer 2011;2:331–332; 
Kalos M, et al. Sci Transl Med 2011;3:95ra73.

Cell product

Cell Therapy Unit

Raw material = living cells

Company = GMP manufacturing plant

Final product = modified raw material  
= GMO cell suspension

Company = GMP manufacturing plan

Apheresis
product

Apheresis
department

Drug

Pharmacy

A drug, after multiple different statusA drug, after multiple different status
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Il circuito delle CAR‐T cell autologhe



Hospital authorized for HSC graft & GMO use 

GMO, genetically modified; HSC, hematopoietic stem cell; MNC, mononuclear cell.
Jérôme Larghero Personal Communication.

Hemato‐oncology Unit

Patient eligibility

1

Apheresis Unit2

Autologous MNC



Qualification of the apheresis product

1. Before the apheresis 

‒ Donor consent

‒ Certificate of donor aptitude for apheresis

‒ Donor serology <30 days

‒ ABO blood group & Rhesus

HIV, human immunodeficiency virus; HTLV, human T-lymphotropic virus.
Jérôme Larghero Personal Communication.

Autologous graft
- Hepatitis B virus
- Hepatitis C virus
- HIV 1 & 2 viruses 
- HTLV 1 et 2
- Syphilis 



Checklist before the apheresis

Yakoub‐Agha, Haematologica 2019



Hospital authorized for HSC graft & GMO use 

GMO, genetically modified; HSC, hematopoietic stem cell; MNC, mononuclear cell.
Jérôme Larghero Personal Communication.

Hemato-oncology 
Unit

Patient eligibility

1

Apheresis Unit2

Autologous MNC

Cell 
Therapy Unit
Authorized by 

Health Authorities

3



Qualification of the apheresis product by the 
Cell Therapy Unit

1. After the apheresis
 Qualification of MNC by the Quality Control department of the CTU:

‒ Cell count

‒ Immunophenotype (flow cytometry): CD45+/CD3+

‒ Cell viability 

‒ Sterility

CD, cluster of differentiation; CTU, Cell Therapy Unit; MNC, mononuclear cell.
Jérôme Larghero Personal Communication.



Hospital authorized for HSC graft & GMO use 

GMO, genetically modified; HSC, hematopoietic stem cell; MNC, mononuclear cell.
Jérôme Larghero Personal Communication.

Hemato‐oncology Unit

Patient eligibility

1

Apheresis Unit
2

Autologous MNC

Cryopreservation

Shipment at 4°C

Shipment of 
cryopreserved cells 

Manufacture

USA or Europe

4

Cell 
Therapy Unit
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Hospital authorized for HSC graft & GMO use 

GMO, genetically modified; HSC, hematopoietic stem cell; MNC, mononuclear cell.
Jérôme Larghero Personal Communication.

Hemato‐oncology Unit

Patient eligibility

1

Apheresis Unit
2

Autologous MNC

Cryopreservation

Shipment at 4°C

Shipment of 
cryopreserved cells 

Pharmacy 

Receipt of cryopreserved 
medicine

Pharmacy 

Thawing 

5

6
Agreement

Cell Therapy 
Unit

Cell Therapy 
Unit

Agreement

Manufacture

USA or Europe

4

Cell 
Therapy Unit

3



Minimum required tests

Yakoub‐Agha, Haematologica 2019
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Trials clinici 
2017 ‐ 2019

CD19 
28 LAL  
6 LNH

GD2
34 NBL

75 aferesi

Novartis
4 LAL 
3 LNH

OPBG 
Dal  2018, 2 TRIALS ACCADEMICI SU 
CAR T per ALL B e NBL, 
2 TRIALS PHARMA



Wash out period before leukapheresis

Yakoub‐Agha, Haematologica 2019
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OPBG – Apheresis for CAR T manufacturing 

totali ALL NHL NBL

Pazienti 75 32 9 34

N° raccolte 75 32 9 34

Età anni
Media
Range

10.4
3‐25

11.2
3‐25

13
8‐18

8.7
3‐23

Peso Kg

Media
DS
range

36.7
23,9
11‐106

38.6
23.7
13.6‐82

60.4
21.2
22.6‐106

26.2
16.8
11‐73



Collection Efficiency (CE)
• CE is used to estimate the volume to be processed to achieve the 
target dose of T‐cells

• For those manufacturers indicating target doses for mononuclear 
cells, CE can be calculated accordingly 

• Not all commercial CAR T‐cell manufacturers provide target cell 
counts for the apheresis product; some request the processing of a 
certain Blood Volume,  regardless of patient size and lymphocyte 
counts

• 1‐ x10e9 T‐cells is usually sufficient to start CAR T‐cell manufacturing



Processing

Peso (kg) 0‐15 15‐30 30‐106

Processato (ml)
Media 
range

2900 
1800 – 4550 

4346
2120‐ 6771 

6377 
2300‐11300

Volemie 
Media 
range

2.7     
1.6 – 4.3

2.7 
1.3 – 4.3

1.5          
0.5 – 3.3

Linfo 10°3/µl pre < 500 500‐1000 >1000

Processato (ml)
Media  
DS 
range

6.600 
2000
2200 ‐ 11.300

5.800 
2090
1900 ‐ 9900 

4000
1100
1800 ‐ 6500



Venous access

• 39 paz

• 19 paz di cui 2PGm

• 17 paz

CVC
bilume

Accesso 
periferico

CVC + VP
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Anticoagulant

• Anti‐coagulation is initially achieved with ACD‐A at a 1:10‐1:12 ratio 
• Additional use of heparin should be considered case by case 
• The amount of ACD‐A allowed per minute and hence, inlet flow, is 
limited by the patient’s total blood volume

• Electrolyte shifts should be monitored regularly and, if necessary, 
corrected with i.v. or oral electrolytes (mostly calcium and potassium)



CD3 + lymphocyte count
SD
Range

1.6 X 10°9 CD3+ cells
0.5 x 10°9 CD3+ cells

0.8 – 2.3 x 10°9 CD3+ cells

TNC count x 10°9
SD
range

4 x 10°9 CD3+ cells
2 x 10°9 CD3+ cells

2 ‐7 x 10°9 CD3+ cells

CD3+% of TNC
SD
range

41 % CD3+  
5% CD3+ 

35 – 47 % CD3+

PROCEDURE AFERETICHE SECONDO STANDARD PER PRODOTTO NOVARTIS



Quality controls of apheresis products

ALL, acute lymphoblastic leukemia; ATU, Autorisation Temporaire d'Utilisation; 
DLBCL, diffuse large B-cell lymphoma; TNC, total nucleated cell.
Jérôme Larghero Personal Communication.

Total nucleated cells

ALL
n=67 patients

DLBCL
n=48 patients



Quality controls of apheresis products

ALL, acute lymphoblastic leukemia; ATU, Autorisation Temporaire d'Utilisation; 
CD, cluster of differentiation; DLBCL, diffuse large B-cell lymphoma; TNC, total nucleated cell.
Jérôme Larghero Personal Communication.

CD3+ (%)

ALL
n=67 patients

DLBCL
n=48 patients



Several steps “at risk”!

CAR-T, chimeric antigen receptor therapy; QC, quality control.

Apheresis

CAR-T
manufacturing

lymphodepletion

CAR-T thawing
and infusion

Restaging, 

Safety and efficacy 
follow-up

Apheresis 
shipment

Cell Therapy 
Unit

Apheresis shipment
CompanyQC

Cryopreservation
Cell Therapy Unit CAR-T receipt

Pharmacy and/or 
Cell Therapy Unitand/or



A complex process

Before and during apheresis: During the manipulation 
of the apheresis product:

 Previous treatments
 Disease status
 Patient age
 Cell number, populations/phenotypes 
 Apheresis duration
 Microbiological controls
 Labelling 

 Time to cryopreservation
 Cryopreservation
 Storage
 Manipulation of the cryopreserved product 

at the time of shipment 
 Shipment of the apheresis product either 

fresh or cryopreserved
 Labelling

Several reasons that might affect the quality of the cell product:

A validated procedure to ensure identification and tracking of the product at any step must be in place



A complex process

ATMP, Advanced Therapy Medicinal Product.

Cryopreservation
challenge for the 
Cell Therapy Unit

Storage
challenges for 

Cell Therapy Units

 Has to be performed less than 24 h after apheresis. 
Easy to say, but….

 Cryopreservation process to be validated 
for different volumes of final cell product (depends 
on final cell concentration)

 Less than 30 mn of contact 
with cryoprotectant solution

 What about the regulation 
agencies authorization?

 To be able to have dedicated racks in a tank in 
the vapour phase 

 The bag must be clearly separated from other 
patients’ products 

 To train all staff involved in this activity

Management of the apheresis product



No difference in viability of CAR T 
cells before freezing and after
thawing.

OPBG experience on cryopreservation of 

apheretic products and CAR T cells

pre freeze post thaw 
0

50

100

% pre freeze post thaw 
0

50

100

%

CAR T CD19 n: 25

CAR T GD2 n: 27

Post thaw recovery of viable MNC >90%

for CAR T CD19 for CAR T GD2
0

50

100

%

n: 24                      n: 25



 “Exceptionally, the administration of the cells/tissues that are 
contained in a cell/tissue based ATMP that is out of 
specification may be necessary for the patient. 

 Where the administration of the product is necessary to avoid 
an immediate significant hazard to the patient and taking 
into account the alternative options for the patient and the 
consequences of not receiving the cells/tissues contained 
in the product, the supply of the product to the treating 
physician is justified. 

 When the request of the treating physician
is received, the manufacturer should provide the treating 
physician with its evaluation of the risks…”

Out of specification (OOS)

Guidelines on Good Manufacturing Practice specific to Advanced Therapy Medicinal Products. November 2017. Available at:
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol‐4/2017_11_22_guidelines_gmp_for_atmps.pdf. 



Conclusions

 Cell therapy product/ATMP regulation to deal with, but it is not the only issue!

 How to deal with CD3+ cell number at the time of harvest?
• Other cell populations?
• Other T‐cell subsets?

 The cryopreservation process AND the cell thawing
• Critical steps
• What is really infused into the patient?

 A need to share with a multidisciplinary team

ATMP, Advanced Therapy Medicinal Product; CD, cluster of differentiation.
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