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> 450 cellular products/ year

Partner: 

Universities

Industry

UKL

UL

Virus-free Sleeping Beauty gene-transfer 

for immunotheray of ROR1+ cancers 
HELMHOLTZ Universit

EU consortium Mature-NK: 2018-2022: 
Manufacturing tumor reactive CAR NK cells

Speaker: U. Koehl

Manufacturing of cell-based therapies 

Pre-clinical
Manufacturing 

and proof „AMG“
Late clinical

studies
„First in man“ 

study

Blood and bone marrow stem cells (incl. CD34 sel., CD3/CD19 depl., TCR α/ß depl.)

Anti-CD20 CAR T cells

CAR NK cells

Antigen-specific T cells (CMV-, ADV-, EBV-, multivirus-spec. CTL)

iPS-cardiomyocytes

Haploidentical donor NK cells

Anti-ROR1 CAR T cells

Dendritic cells

Routine

Anti-CD19 CAR T cells

Gene-transduced stem cells

CRISPR-Cas9--modified stem cells

Europe wide

EU IMI ImSAVAR 2020-2025

Safety assessment
Speaker: U. Koehl
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Overview

transduction

CAR = chimeric antigen receptor

NK cells

T cells

CAR expressing T cells

 Clinical trials

 Risk and benefit 

 Manufacturing challenge:

From manual to automation and digitalization

 From personalized medicine to allogeneic 

“off the shelf” CAR effector cells 
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cancer

cell

CAR expressing T cell

CAR expressing NK cell

effector

cell

Second/ third generation CAR
scFv = single chain Fv antibody

+

transduction

activation of effector cells

specific attack and 

killing of cancer cells

CD8 Transmembran

Domäne

IgG1 CH2-CH3 hinge

CD3

effector

cell

CAR scFv

4-1BB             (OX-40)

effector

cell

CD28

• MHC independent

• of high affinity / specificity

• not requiring co-receptors

CAR-expressing effector cells - mechanism

Adopted from: Hombach et al., 

Curr. Mol. Med. 13, 1079-1088 (2013) 
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Hartman J, et al. EMBO Mol Med, 8/ 2017

Clinical CAR T cell studies

Ongoing CAR  T cell studies

Started CAR  T cell studies
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Clinicaltrials.gov

Maude SL et al. New Engl J Med 2018 

75 patients

Paediatric r/r ALL – ELIANA

 > 500 (1000) clinical trials (10/2019)

 10% of the studies in Europe, only

 Benefit in patients with Acute Lymphoblastic Leukaemia (ALL)

 r/r CD19+ Leukaemia: cure rate ~ 60-75%

r/r =

relapsed/ 

refractary

6/2018
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EMBO Mol Med. 2017 Sep;9(9):1183-1197. doi: 10.15252/emmm.201607485. 

N = 379

Myeloid
Diseases

n = 80

Multiple Myeloma

Multiple Myeloma

CLL

Leukaemia and
Lymphoma

 Successful results in CD19+ ALL and DLBCL

 However failure of complete resmission in some diseases

CLL = Chronic Lymphatic Leukaemia

Leukaemia and
Lymphoma

CAR T cells – Update clinical studies (haematology)
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EMBO Mol Med. 2017 Sep;9(9):1183-1197. doi: 10.15252/emmm.201607485. 

CAR T cells – Update clinical studies (oncology)

 Breast cancer, glioblastoma, neuroblastoma, prostata cancer ….

 Very few complete or partial remissions! To date, less successful in tumours
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Side effects of CAR T cells

IL-6IL-1

Co-stimulatory 

receptors

iNOS

NO

Cytokine release 

syndrome
Neurotoxicity

Adapted from Rooney C & Sauer T, Nat Med. 2018 Jun;24(6):705-706

Paediatric r/r ALL – ELIANA

Maude SL et al. New Engl J Med 2018 

 Currently: Can successfully be

treated with anti-IL6 application
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Salmikangas P et al. Pharm Res 2018 
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Patient

Leukocyte

Apheresis +

Cryopreserve

Selection of T 

cells with mAb-

coated magnetic 

beads

Transduce 

with 

Lentiviral

vector

Vector wash,

Culture in 

Static bags

Culture in 

bioreactor

Harvest,

Remove beads,

wash, 

concentrate, 

formulate

Cryopreserve

product

Release

testing

Ship to 

infusion 

site

 Coop. Fraunhofer IZI -

 Manual process well established

 Currently: > 150 products

 European CTL019 trial

as well as Kymriah®

Manufacturing of CAR T cells

Manual manufacturing of peronalized CAR T cells is complex 

http://www.novartis.de/index.shtml
http://www.novartis.de/index.shtml


Autologous CAR-T cell manufacturing and quality control is complex 

IPC QC

Immuno-

selection

Selected

T cells

Formulation &

cryopreservation
IMP

Storage,   

thawing, &

application

Activation

day 0

Expansion
CAR 

T cells

up to day 10-12

Leuk-

apheresis

Mononuclear

cells

Patient
Cryo-

preservation
Thawing

and/or

Trans-

duction

day 1

Cytological in-process (IPC), quality (QC), and complementary controls

 Appearance & description

 Identity

 Safety

 Purity

 Impurities

 Quantity

 Potency

exemplarily:

o EP 2.7.23 Flowcytometric analysis

o EP 2.6.21 Realtime PCR for VCN (vector copy number)

o EP 2.6.14 Bacterial Endotoxin test

o EP 2.6.27 Microbiological control

o EP 2.6.21 Mycoplasmas

Bottle neck:

No harmonized rules for QC

 Patient selection for leuka-

pheresis unclear (WBC? CD3? ..?)

 Surrogate marker still missing
to predict production failure
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Limitation in autologous CAR T cells

Transduction

T cells

Donor cells

 Identification of tumor-specific targets still not successful

 Concepts are missing to address 100 fold more patients

 Manufacturing of autologous cells is time consuming and 

expensive (> ¼ Mill €/ product)

 In some cases failure in manufacturing (heavily pre-treated 

patients): around 5-15% failure

 Relapse due to contaminating transduced leukemic clone

Technical challenge – Purification, automation, digitalization 

and non viral strategies to minimize costs

Allogeneic „off the shelf“ CAR effector cells (e.g. NK cells)
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CD19-negative B-ALL relapse post CD19 CAR T cell therapy

Ruella M. et al, Nature Medicine volume 24, pages1499–1503 (2018)

Serial monitoring of IgH clonotypes 

over time in the bone marrow.

 Leukaemia – transduction of a single clone

 No CD19 expression via FACS 

but CD19 mRNA detectable

 CAR-19 binding in cis-conformation to CD19 on 

the cell surface – target epitope masked
Improved manufacturing

necessary? 
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Automated manufacturing of selected CAR T cells

Human Gene Therapy,  Vol 29, No 5,  2018

Priesner C … Koehl U. HGT 2016 Aleksandrova K … Koehl U. Transfusion Medicine and  Hemotherapy 2019

Multicenter trial (BMBF):

Refractory metastatic Melanoma stage III/IV 

 Coop.:Miltenyi Biotec (Sponser)  

H. Abken (FE)/ U. Köhl (Manufacturing)

 Clinical trial „3+3“ design - Cologne, Munich … 

CD20 CAR T cells: 10e5 / 10e6 / 10e7/ kg BW

Manufacturing of CAR T cells

hands on step by step time consuming

automation/ optimizationday 0 day 12

automation/ shortening

First three patients treated
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Automated manufacturing of CAR T cells

Other
WBC

CD20

NK

Monos; 

Granulos

CD4

CD8

CD3

CD3

CD3

Apheresis

CD4/CD8

selected

cells

Day 12

harvesting

Expansion of T cells

- Pure T cells at harvesting

- Homogenious expansion rate: median 30-fold (yield: 6x10e9 total T cells)

Aleksandrova K … Koehl U. Transfusion Medicine and  Hemotherapy 2019, Vol.46, No. 1
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Transduction efficiency

Aleksandrova K … Koehl U. Transfusion Medicine and  Hemotherapy 2019, Vol.46, No. 1

- Successful transduction efficiency 

(differences between CD4+ and CD8+ cells)

- Naive (TN ) & central memory (TCM) T cells

- However: Differences in Senescence
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Flow Cytometry day12
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Step 1 Step 2 Step 3 Step 4 Step x       …. Step y

Process

Equipment

Market analysis

Manufacturing

A                       B                         C                               D                           E              F                           G               ……            Z                        

Product Process line * Automation of interfaces

CAR T cells I

CAR T cells II

iPS cardiomyocytes

CAR NK cells

Process line 1
C                E                  M                …..      

B                L                  F                  R                …

Process line 2

…

Digital

control

P                K                 …                     

Analoge Umsetzung für (i) Herstellung und (ii) Qualitäts-/ in-Prozess Kontrollen

Automation and Digitalisation for manufacturing

Process line 3

Process line x

http://vertassets.blob.core.windows.net/image/4dc43bc8/4dc43bc8-e07d-4d6d-805b-40883b878a78/wave25.jpg
http://vertassets.blob.core.windows.net/image/4dc43bc8/4dc43bc8-e07d-4d6d-805b-40883b878a78/wave25.jpg
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Clinical Trial: Allogeneic „off the shelf“ NK cells

Koehl U..BCMD 2004         Koehl U..KlinPad 2005         Koehl U..Front Oncol 2013         Stern M..BMT 2013            Koehl U.. OncoImmunol 2016

NK-DLI = NK donor lymphocyte infusion

coop.: J. Passweg, CH

[days post SCT]

haplo-SCT

CD34 sel./ 

CD3/CD19 depl.

0

2nd NK cell 

application

+40 +100

3rd NK cell 

application
1st NK cell 

application

(+3)

Donor /

Parents

Allogeneic NK-DLI post haplo-SCT (Clin Gov No NCT 01386619) 

Patients with high risk leukaemia and malignant tumours 

NK cell purification

(CD3 depl./ CD56 sel.)

IL-2 expansion

(1000 U/ml, 10 days)

Leukapheresis GMP

NK cell application

patient

GMP

Advantage

 No severe adverse events in patients

 Primary aim >10x106 CD56+CD3-/kgBW: 41/49

 No graft versus host disease if T cells < 25x103/kg 

 IL-2 stimulation → improved NK cell cytotoxicity

Disadvantage

 Tumor immune escape mechanism (TIEMs)

Kloess et al. Eur J Immunol 2010; Kloess et al. Oncoimmunol 2015
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To overcome those hurdles: CAR NK cells?
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Retargeted CAR NK cells
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NCT03579927       CD19               Lymphoma                  Cord blood         I/II        not yet            MD Anderson              

and leukaemia             NK cells                      recruiting          Houston, USA

NCT03656705         CCCR           Non-small Cell Lung          NK92                I       recruiting      Hospital of Xinxiang                

Henan, China

CCCR: Chimeric 

Costimulatory

Converting Receptor 

Clinical trials using CAR NK cells

CAR: 

CD19-CD28-zeta-

2A-iCasp9-IL15

Kloess S … Koehl U. Transfusion Medicine and Hemotherapy 2019

K. Rezvani
7/9 patients CR/PR

no CRS

(EBMT 03/2019)



Conclusion and outlook

CAR T cells:

 > 500 (1000) clinical trials worldwide - with benefit in CD19+ malignancies

 Manufacturing is complex – results in automation are promising, however needs improvement

 Predictive markers are still missing: Leukapheresis → quality of the final end product 

Allogeneic „off the shelf CAR products“:

 Allogeneic haploidentical/ „third party NK cells“→ first successful trial

 CAR NK cells → e.g. elimination of CD123+ leukemic cells

Improvement in future studies:

 “CAR cells” & checkpoint inhibitors → combination

 CAR effector cells with transient cytokine secretion

 Technical side: Digital control of automated

process lines to address tumor patients

Cancer

cell

CAR

effector

PD-L1

Immune-

checkpoint-

Inhibitor

CAR
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Harmonisation

Network for individualised 

stratified medicine

using cell-based 

therapies

…. and thanks 
for listening
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