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Giovanni Alfonso Borelli 

* 28.01.1608  † 31.12.1679

Weisse Blutkörperchen 

unter dem Mikroskop

Rudolf Virchow

* 13.10.1821  † 05.09.1902

Krebs ↔ Entzündung

WikipediaWikipedia



Zeitstrahl

Singh AK, McGuirk JP. CAR T cells: continuation in a revolution of immunotherapy. 

Lancet Oncol. 2020;21(3):e168-e178. doi:10.1016/S14



Zeitstrahl

Singh AK, McGuirk JP. CAR T cells: continuation in a revolution of immunotherapy. 

Lancet Oncol. 2020;21(3):e168-e178. doi:10.1016/S14



Blutstammzelltransplantation

Own picture

… als Prototyp der Zelltherapie
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Chimäre Antigenrezeptoren

Mitra A, Barua A, Huang L, et al.. From bench to bedside: the history and progress of CAR T cell therapy. Front Immunol.

2023;14:1188049. doi:10.3389/fimmu.2023.1188049

MHC-unabhängige AntigenbindungT-Zellaktivierung



Erste Beschreibung von CARs

Adapted from: June CH, 
O'Connor RS, Kawalekar OU, et 
al. CAR T cell immunotherapy
for human cancer. Science. 
2018;359(6382):1361-1365. 
doi:10.1126/science.aar6711



First generation CARs

Adapted from: June CH, 
O'Connor RS, Kawalekar OU, et 
al. CAR T cell immunotherapy
for human cancer. Science. 
2018;359(6382):1361-1365. 
doi:10.1126/science.aar6711



Second generation CARs

Adapted from: June CH, 
O'Connor RS, Kawalekar OU, et 
al. CAR T cell immunotherapy
for human cancer. Science. 
2018;359(6382):1361-1365. 
doi:10.1126/science.aar6711



CAR-T-Zellen für die Behandlung der CLL



Herstellung von CAR-T-Zellen

Adapted from: Brudno JN, Kochenderfer JN. 

Chimeric antigen receptor T-cell therapies for

lymphoma. Nat Rev Clin Oncol. 2018;15(1):31-

46. doi:10.1038/nrclinonc.2017.128



Zugelassene Therapien für Leukämien, Lymphome und das Myelom



Überblick

Mitra A, Barua A, Huang L, et al.. From bench to bedside: the history and progress of CAR T cell 

therapy. Front Immunol. 2023;14:1188049. doi:10.3389/fimmu.2023.1188049



Akute lymphatische Leukämie

Entity Product Details Trial

B-ALL Tisa-cel ≤25 years

refractory, relapsed after transplantation, 

relapsed after at least two lines of therapy

ELIANA

B-ALL Brexu-

cel

Adults

relapsed or refractory B-ALL after two or more

lines of systemic therapy

ZUMA-3

according to "http://www.swissmedicinfo.ch", Sep 2023



Non-Hodgkin-Lymphom (I)

Entity Product Details Trial

DLBCL Tisa-cel Adults

relapsed or refractory DLBCL after two or more

lines of systemic therapy

JULIET

DLBCL

PMBCL

Axi-cel Adults

relapsed or refractory DLBCL/PMBCL after two

or more lines of systemic therapy

ZUMA-1

DLBCL

PMBCL

Liso-cel Adults

relapsed or refractory DLBCL/PMBCL after two

or more lines of therapy

TRANSCEND

DLBCL

HGBL

Axi-cel Adults

refractory to first line chemoimmunotherapy or

relapsed within 12 months after first line

chemoimmunotherapy

ZUMA-7

DLBCL

PMBCL

HGBL

Liso-cel Adults

refractory to first line chemoimmunotherapy or

relapsed within 12 months after first line

chemoimmunotherapy

TRANSFORM

according to "http://www.swissmedicinfo.ch", Nov 2023



Non-Hodgkin-Lymphom (II)

Entity Product Details Trial

MCL Brexu-

cel

Adults

relapsed or refractory MCL after two or more

lines of systemic therapy incl. BTK inhibitor

ZUMA-2

FL Axi-cel Adults

relapsed or refractory FL after three or more

lines of systemic therapy

ZUMA-5

FL Tisa-cel Adults

relapsed or refractory FL after three or more

lines of systemic therapy

ELARA

according to "http://www.swissmedicinfo.ch", Sep 2023



Multiples Myelom

Entity Product Details Trial

MM Ide-cel Adults

relapsed and refractory MM after three or more 

lines of therapy incl. immunomodulator, 

proteasome inhibitor and anti-CD38

KarMMa

MM Cilta-cel Adults

relapsed and refractory MM after three or more 

lines of therapy incl. immunomodulator, 

proteasome inhibitor and anti-CD38

CARTITUDE-1

according to "http://www.swissmedicinfo.ch", Sep 2023

Swissmedic



Real World Experience



Grosszelliges B-Zelllymphom (≥3. Linie): Axi-cel und Tisa-cel

ZUMA-1 follow-up (n=101)

Neelapu et al. Blood 2023

Bridging nicht erlaubt.

Real-world Axi-cel and Tisa-cel (n=356)

Bethge et al. Blood 2022

Bridging bei 80% der Patienten.

1y PFS 30%

35% Axi

24% Tisa

p=0.015

1y OS 52%

1y PFS ~40%

1y OS ~60%

JULIET follow-up (n=115)

Neelapu et al. Blood 2023

Bridging erlaubt.

1y PFS ~35%

1y OS ~50%

Neelapu SS, Jacobson CA, Ghobadi A, et al. Five-year follow-up of ZUMA-1 supports

the curative potential of axicabtagene ciloleucel in refractory large B-cell lymphoma. 

Blood. 2023;141(19):2307-2315. doi:10.1182/blood.2022018893

Schuster SJ, Tam CS, Borchmann P, et al. Long-term clinical outcomes of tisagenlecleucel in 

patients with relapsed or refractory aggressive B-cell lymphomas (JULIET): a multicentre, 

open-label, single-arm, phase 2 study. Lancet Oncol. 2021;22(10):1403-1415. doi:10.1016/ 

S1470-2045(21)00375-2

Bethge WA, Martus P, Schmitt M, et al. GLA/DRST real-world outcome analysis

of CAR T-cell therapies for large B-cell lymphoma in Germany. Blood. 

2022;140(4):349-358. doi:10.1182/blood.2021015209



Grosszelliges B-Zelllymphom (≥3. Linie): Axi-cel und Tisa-cel

ZUMA-1 follow-up (n=101)

Neelapu et al. Blood 2023

Bridging nicht erlaubt.

Real-world Axi-cel and Tisa-cel (n=809->418)

Bachy et al. Nat Med 2022

1y PFS ~40%

47% Axi

33% Tisa

p<0.0001

1y PFS ~40%

1y OS ~60%

JULIET follow-up (n=115)

Neelapu et al. Blood 2023

Bridging erlaubt.

1y PFS ~35%

1y OS ~50%
1y OS ~60%

64% Axi

49% Tisa

p=0.007

Neelapu SS, Jacobson CA, Ghobadi A, et al. Five-year follow-up of ZUMA-1 supports

the curative potential of axicabtagene ciloleucel in refractory large B-cell lymphoma. 

Blood. 2023;141(19):2307-2315. doi:10.1182/blood.2022018893

Schuster SJ, Tam CS, Borchmann P, et al. Long-term clinical outcomes of tisagenlecleucel in 

patients with relapsed or refractory aggressive B-cell lymphomas (JULIET): a multicentre, 

open-label, single-arm, phase 2 study. Lancet Oncol. 2021;22(10):1403-1415. doi:10.1016/ 

S1470-2045(21)00375-2

Bachy E, Le Gouill S, Di Blasi R, et al. A real-world comparison of tisagenlecleucel and

axicabtagene ciloleucel CAR T cells in relapsed or refractory diffuse large B cell lymphoma. 

Nat Med. 2022;28(10):2145-2154. doi:10.1038/s41591-022-01969-y

Propensity score matching (PSM) 



Grosszelliges B-Zelllymphom (≥3. Linie): Axi-cel und Tisa-cel

Real-world Axi-cel and Tisa-cel (n=809)

Bachy et al. Nat Med 2022

Real-world Axi-cel and Tisa-cel (n=356)

Bethge et al. Blood 2022

Bachy E, Le Gouill S, Di Blasi R, et al. A real-world comparison of tisagenlecleucel and

axicabtagene ciloleucel CAR T cells in relapsed or refractory diffuse large B cell lymphoma. 

Nat Med. 2022;28(10):2145-2154. doi:10.1038/s41591-022-01969-y

Bethge WA, Martus P, Schmitt M, et al. GLA/DRST real-world outcome analysis

of CAR T-cell therapies for large B-cell lymphoma in Germany. Blood. 

2022;140(4):349-358. doi:10.1182/blood.2021015209



Grosszelliges B-Zelllymphom (3. Linie): Liso-cel

Real-world Liso-cel (n=26)

Portuguese et al. EBMT 2023

Median PFS 6,8 months

TRANSCEND (n=344)

Abramson et al. Lancet 2020

Median PFS ~7,5 months

Abramson JS et al. Lisocabtagene maraleucel for patients with relapsed or

refractory large B-cell lymphomas (TRANSCEND NHL 001): a multicentre

seamless design study. Lancet. 2020;396(10254):839-852.
Portuguese AJ et al. Lisocabtagene maraleucel for relapsed or refractory large B-cell 

lymphoma: feasibility, safety and efficacy in a real-world setting. Poster presented at 

the 49th EBMT; April 23-26, 2023; Paris. 



B-ALL: Tisa-cel

Real-world Tisa-cel (n=81, 80% prior allo-HCT)

Bader et al. Blood Advances 2022

ELIANA follow-up (n=79)

Laetsch et al. JCO 2022

2y EFS 49%

2y OS 68%

NRM 3.6%

“It is of special interest 

that only 1 patient was 

consolidated with allo-

HSCT after having 

achieved remission with 

CAR T cells.”

2y EFS 45%
2y OS 53%

Laetsch TW, Maude SL, Rives S, et al. Three-Year Update of Tisagenlecleucel in Pediatric and Young 

Adult Patients With Relapsed/Refractory Acute Lymphoblastic Leukemia in the ELIANA Trial. J Clin

Oncol. 2023;41(9):1664-1669. doi:10.1200/JCO.22.00642

Bader P, Rossig C, Hutter M, et al. CD19 

CAR T cells are an effective therapy for 

posttransplant relapse in patients with B-

lineage ALL: real-world data from Germany. 

Blood Adv. 2023;7(11):2436-2448. 

doi:10.1182/bloodadvances.2022008981
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Multiples Myelom: Ide-cel

KARMMA (n=128)

Munshi et al. NEJM 2021

Real-world Ide-cel (n=159)

Hansen et al. JCO 2022

Munshi NC, Anderson LD Jr, Shah N, et al. Idecabtagene Vicleucel in Relapsed and Refractory Multiple Myeloma. N Engl J Med. 

2021;384(8):705-716. doi:10.1056/NEJMoa2024850
Hansen DK, Sidana S, Peres LC, et al. Idecabtagene Vicleucel for Relapsed/Refractory

Multiple Myeloma: Real-World Experience From the Myeloma CAR T Consortium. J Clin

Oncol. 2023;41(11):2087-2097. doi:10.1200/JCO.22.01365



Multiples Myelom: Ide-cel

6m PFS ~55%

6m PFS ~62%

KARMMA follow-up (n=128)

Oriol et al. EHA 2021

Keine BCMA-gerichtete Vortherapie erlaubt

Real-world Ide-cel (n=159)

Hansen et al. JCO 2022

Hansen DK, Sidana S, Peres LC, et al. Idecabtagene

Vicleucel for Relapsed/Refractory Multiple Myeloma: 

Real-World Experience From the Myeloma CAR T 

Consortium. J Clin Oncol. 2023;41(11):2087-2097. 

doi:10.1200/JCO.22.01365

Oriol et al. Idecabtagene vicleucel (ide-cel, bb2121), a BCMA-directed CAR T cell therapy, in patients with relapsed and refractory multiple 

myeloma: updated KarMMa results. Poster presented at European Hematology Association; June 9-17, 2021; Virtual congress

Manufacturing failure 6% vs 0.6%



Multiples Myelom: Ide-cel (vorgängig BCMA-gerichtete Therapie)

Hansen DK, Sidana S, Peres LC, et al. Idecabtagene Vicleucel for

Relapsed/Refractory Multiple Myeloma: Real-World Experience From the

Myeloma CAR T Consortium. J Clin Oncol. 2023;41(11):2087-2097. 

doi:10.1200/JCO.22.01365



Versorgung

pixabay



Entwicklungsfelder

• Neue Antigene

• Neue Indikationen, z.B. solide Tumoren, 

Autoimmunität, Infekte

• Neue Effektorzellen, z.B. NK-Zellen, iNKT-Zellen

• Kontrolle über die CAR-T-Zellfunktion, z.B. Suicide

Gene, modularer Aufbau

• Neue Herstellungsmethoden, z.B. Sleeping Beauty

• Kombinationstherapien

• Und, und, und
Sutherland, A.R.; Owens, M.N.; Geyer, C.R. Modular 

Chimeric Antigen Receptor Systems for Universal CAR 

T Cell Retargeting. Int. J. Mol. Sci. 2020, 21, 7222.



Academic CAR-T-cell production

EHA 2023: Presentation ID p296-3



Verfügbarkeit in Osteuropa

EHA 2023: Presentation ID p296-3



Seltene Indikationen, Randgruppen, Therapiehoheit



Zusammenfassung

• Die Entwicklung von zellulären Immuntherapien und CAR-T-

Zellen blickt auf eine lange Geschichte zurück, hat aber in 

letzter Zeit stark an Dynamik gewonnen.

• 6 CAR-T-Zell-Produkte sind derzeit in der Schweiz für die 

Behandlung von lymphatischen Malignomen und des 

multiplen Myeloms zugelassen.

• Die Real World-Ergebnisse sind ähnlich wie die Daten der 

Zulassungsstudien, obwohl die Unterschiede hinsichtlich der 

Studienpopulation bemerkenswert sind.

• Die Versorgung mit CAR-T-Zellen ist komplex und der 

Zugang beschränkt.
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