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The Immune system’s protective 
role

https://www.uhhospitals.org/



Immune surveillance

Swann and Smyth, Immune surveillance of tumors, The Journal of Clinical Investigation, 2007



The T-cell

• T cells are able to recognize and 
eliminate cancer cells with the 
same efficiency as virus-infected 
cells

• CD8+ CTLs are able to lyse tumor 
cells directly upon recognition of 
peptide–MHC class I complexes 
expressed by the tumor

• CD4+ T cells play a vital role in 
priming CTLs explaining why 
activated CTLs, but not naive 
CTLs, can mediate potent 
antitumor effects in the absence 
of CD4+ T cells.

M. Cavanagh, BiteSized Immunology

Toes et al, J Exp Med.1999



Adoptive T-Cell Therapies

Singh and McGuirk, Lancet Oncology, 2020

The infusion into a host of autologous or allogeneic immune cells that target their

cancer.



T cells: The Shortfalls



T-cells cannot run a marathon

• T cell dysfunction usually occurs 
due to exposure to persistent 
antigens.

• T cell dysfunction is related to 
the level of antigen stimulation

• Cancer and chronic infections 
lead to T cell exhaustion 
culminating in loss of effector 
functions and alteration of  their 
transcriptional program

• Enhanced co-expression of 
multiple inhibitory receptors 

Blackburn et al.. Nat Immunol. 2009; Agnellini et al.,  PNAS 2007; Honda et al., Immunity. 2014; Okazaki  et al, T., Nat 
Immunol. 2013; Wherry et al, . J Virol. 2003; Zajac A.J., J Exp Med. 1998; Ahmadzadeh M., Blood. 2009; Kamphorst. Science. 2017.

Blank et al., Nature Reviews Immunology, 2019 

https://www.nature.com/nri


Overcoming the shortfalls



CAR-T cells

Chimeric Antigen Receptor (CAR) T-cells

• A new class of medicinal product

• A form of adoptive T-Cell therapy

• Manufactured from autologous human living cells

• They are genetically eingineered human T-cells

• Manufactured on demand

• Regarded as a Gene Therapy Medicinal Product (GTMP)

• Among the most expensive medicinal products ever 
marketed



CAR-T Cells

• CARs are composed of a single-chain variable-
fragment (scFv) antibody specific to tumor 
associated antigen (TAA)

 

• fused to a transmembrane (TM) domain, which is 
further fused to a 

• T-cell signaling moiety, most commonly either the 
CD3ζ or Fc receptor γ cytoplasmic signaling 
domains



Tumour-associated antigens

• Molecules that are expressed by cancer 
cells and, to a limited degree, by 
normal tissues. 

• TAAs can serve as targets for T cells 
and/or antibodies. 

• These antigens can be proteins, 
carbohydrates or lipids, and are 
classified into several categories on the 
basis of their expression 
characteristics:

• Mutated — these are proteins with 
unique mutations in their amino acid 
sequence that are present only in 
cancer cells.

• Cancer-testis — expressed only by 
tumours and testis.

• Differentiation — expressed by a 
limited range of normal tissues.

• Overexpressed — these antigens can 
be expressed on a wide range of 
normal tissues, but are expressed 
much more highly in tumours.

• Idiotypic — unique protein sequences 
in the T cell receptor (TCR) or B cell 
receptor of leukaemias and 
lymphomas.

• Oncoviral — proteins encoded by 
tumorigenic viruses.



Derivation of TCRs and CARs for the 
genetic modification of T cells

Kershaw et al, Nature Reviews Cancer, 13, 525–541 (2013)



T-Cell Activation



2nd Generation



Second generation CAR-T cell

Larson and Maus, Nature Reviews Cancer, 2021



Generations of CARs

3 main domains





Chimeric antigen receptor (CAR)-
T cell therapy

• T cells are removed from 
the patient’s blood

• Engineered to express a 
chimeric antigen receptor

• Cells are infused back into 
the patient after 
expansion 

Buechner et al., HemaSphere, 2018



Flow chart



First regulatory approval

The Oncologist Feb 2020



The supporting trials

ELIANA Trial JULIET  Trial



JULIET STUDY

• A Phase II, Single Arm, multicenter trial to determine 
the efficacy and safety of CTL019 in adult patients with 
relapsed or refractory Diffuse Large B-cell Lymphoma

• 27 sites in 10 countries

• Patients must have received at least 2 lines of therapy

• Primary end point was best overall response rate 
(combined percentage of patients with complete and 
partial response)



JULIET study…..

Schuster et al., NEJM 2019



Duration of response, PFS and OS



Best overall response

Schuster et al., NEJM 2019



Schuster et al., NEJM 2019

Adverse Events



CRS & ICANS: Grading and 
Therapy: ASTCT

Yanez et al., ESMO/BMJ 2020



Expanding the horizon

ZUMA 2 Trial: Mantle Cell Lymphoma



ZUMA 2



ZUMA 2



Expanding the horizon

ZUMA 5 Trial: Follicular Lymphoma and Marginal Zone Lymphoma



Expanding the horizon

ZUMA 12 Trial: LBCL First line



New Indications



Multiple Myeloma

Shah and Mailankody, BMJ 2020



Immunotherapeutic approaches 
to treat Myeloma

Shah and Mailankody, BMJ 2020



KarMMa and CARTITUDE Trials



CARTITUDE-4 Trial



CARTITUDE-4 Trial

In the CARTITUDE-4 study, treatment with cilta-cel reduced the 
risk of multiple myeloma progression and death by 59% 
compared to standard therapies. The median time before the 
disease progressed was 11.8 months in patients receiving 
standard therapies, but the median time for patients on cilta-cel 
was 16 months and still counting at last report.

Cilta-cel is now approved for use after just one prior line of 
therapy, which includes some of the most used treatments for 
myeloma such as a proteosome inhibitor like bortezomib 
(Velcade®) and an immunomodulator drug like lenalidomide 
(Revlimid®).



KarMMa-3 Trial



KarMMa-3 Trial

• In KarMMA-3, ide-cel tripled progression-free survival time 
compared to standard treatments, from 4.4 months to 13.3 
months. Most patients (71%) treated with ide-cel responded to 
treatment and 39% had a complete response, which means no 
cancer could be detected. The response in these patients lasted 
for a median of 20 months.

• Ide-cel is now approved for use in patients who received at least two 
prior lines of treatment, including a proteosome inhibitor, an 
immunomodulator and an anti-CD38 antibody like daratumumab 
(Darzalex®) or isatuximab (Sarclisa®), which can be used in 
combination with one another.



FDA Approved CAR-T Cell Therapies

Cappell and Kochenderfer, Nature Reviews Clinical Oncology 2023 

https://www.nature.com/nrclinonc


EMA Approved CAR-T Cell Therapies

Anti CD19

Tisagenlecleucel (tisa-cell, Novartis, KYMRIAH)

• -r/r DLBCL (3rd line)

• -r/r Follicular Lymphoma (3rd line)

• -r/r ALL <26 yrs

Axicabtagen ciloleucel (axi-cel, Gilead, YESCARTA)

• -DLBCL/PMBCL (2./3. Linne)

• -r/r Follicular Lymphoma (4. Line)

Brexucabtagen autoleucel (brexu-cel, Gilead, TECARTUS)

• -r/r MCL (3.Line after BTKI

• -r/r ALL >25 yrs

Lisocabtagen maraleucel (liso-cel, BMS, BREYANZI)

• -DLBCL/HGBCL/PMBCL/FL 3B (2./3. Line)



EMA Approved CAR-T Cell Therapies

Anti BCMA

Idecabtagene vicleucel (ide-cel, BMS, ABECMA)

• -Multiple Myeloma (3. Line after PI, IMID &  anti 
CD38 Antibody)

Ciltacabtagene autoleucel (cilta-cel, Janssen, 
CARVYKTI)

• -Multiple Myeloma (2. Line after PI & IMID) 



Cappell and Kochenderfer, Nature Reviews Clinical Oncology 2023 

https://www.nature.com/nrclinonc


Second malignancies

Elsallab et al.,Second primary malignancies after commercial CAR T-cell therapy: analysis of the FDA 

Adverse Events Reporting System, Blood, 2024



Real world examples

Patient 1
• 65 year old female

• Mantle cell-lymphoma with peripheral blood lymphocytosis ED 7/2022

• - Ann Arbor Stage IVB (Involvement: LN li hilär (1,5 cm), Liver hilus (2,6 cm), 
splenomegaly  23x 9x 15 cm with spontaneous bleeding , Ki67 80%, BM 
Infiltration 80-90 %)

• - 28.7.2022 Tumorboard: alternating cycles 3xR-CHOP, 3xR-DHAP with 
autologous SCT, followed by 3 year maintenace with Rituximab

• 19.8.- 24.11: 2022  3 cycles R-CHOP and 3 cycles  R-DHAP

• 9.12.2022 CT Thorax - Pelvis complete remission, No lymphadenopathy, No 
Splenomegaly,

• 13.12.2022 Bonemarrow: cytologically and histologically no  lymphoma



Real world examples: Patient 1

• 19.01.2023: High dose-chemotherapy with BEAM und autologous SCT - 3/2023-

•  9/23 Rituximab-Ibrutinib- Maintenace

• - 9/23 Relapse with isolated meningiosis lymphomatosa initial 700

• cells/ul in CSF

• BM/FACS/CT No sign of disease outside the CNS

• - 19.9./21.9/23.9./25.9.23: ith Triple-Therapy with Ara-C (40 mg), Dexamethasone 
(4mg) und MTX 15 mg, 

• 28.9.23: LP # No sign of lymphoma

• - 27.10.2023 T-Cell-apheresis for the production of Tecartus

• - 5.12.23 CAR-T-Cell-Therapie with Brexucabtagen-Autoleucel (Tecartus); 

• Complications: CRS max. Grade I (fever), ICANS Grade I (ICE-Score 8 points),  
Tocilizumab 4 x 500 mg, Dexamethason

• - 26.3.24: LP # No signs of meningiosis lymphomatosa

• - 4.4.2024 Total body CT, complete remission



Real world examples

• Patient 2
• 27 year old female

• DLBCL Stage IVA ED 06/2023

• Manifestation 06/2023: HWK 7, supraclavicular LN R, ant. mediastinum, Os ilium L, dorsal acetabulum bds., 
proximal humerus R, adrenal glands bds.

• 16.06.2023 CT cervical spine: compression fracture C7 mit Beteiligung der Hinterkante

• 21.06.2023 C7-vertebral body replacement, Histology (UKHD): ED aggressives B- Cell-Lymphoma

• 30.06.2023 Bonemarrrow: No affectation

• 03.07.2023 CT Hals-Becken: cervical soft tissue asymmetry with excess soft tissue on the right submandibular 
side DD submandibular gland associated, irregular enlarged thymus

• 04.07.2023 cranial MRT : No lymphoma

• 05.07.2023 •Cryopreservation of 50% of one ovary, cyst removal on the left side 07/06/2023

• 11.07.2023 PET-CT : As above

• 07/2023- 10/2023 C1-C5 Pola-R-CHP

• 06.09.2023 MRT Hals/Thorax/Abdomen: Almost complete regression of mediastinal lymphoma mass, residual 
changes in renal parenchyma on both sides. In cases of renal lymphoma, constant visualization of bone foci, 
but without evidence of relevant diffusion disorder (non-viable).

• 18.10.2023 cranial MRT : No lymphoma (Headache and Vomitting)



Patient 2

• 20.10.2023 Liquor: Pleocytosis with atypical lymphatic cells, V. a. Meningeosis

• Lymphomatosa

• 11-.12.2023 : R-MATRIX C1-C3

• 29.12.2023 MRT ( cranium + total spine: Progress, neu parenchymal lesions

• 04.01.2024 Tumorboard: Progress CNS-affectation; procedere: LP, Neuro- Oncoboard,

• CAR-T-Cell-Therapy mit Yescarta

• 04.01.2024 CSF: no evidence of lymphoma

• 10.01.2024 Neuro-oncology Tumorboard: aim for biopsy confirmation

• 19.01.2024: Resection of the mass on the right frontal side : Histology DLBCL

• 30.01.2024 Progress with new CNS symptoms, meningeosis lymphomatosa, i.th. 
Triple-Therapy

• 06.02.2024 T-cell-apheresis for Yescarta. 

• 07.02.2024: Beginn Bridging-Therapy with Rituximab 375 mg/m² d0, Lenalidomid 25 
mg/day d1- 10, Ibrutinib 560 mg/d1-14



Patient 2

• 04.03.2024 CAR-T-Cell-Therapie mit Axicabtagene ciloleucel (Yescarta®); 
Complications: CRS Grade  II, ICANS Grade II, Neutropenic fever

• 06.04.24 Encepahlopathy after CAR-T-Cell-Therapie Symptome: Myoclonus in right
hand, speech disorder

• 06.04.24: LP, no lymphoma involvement

• 10.04.2024 cMRT No reliable evidence of lymphoma progression with continued
known cerebral changes with perifocal edema, other lesions regressive. DD CAR-T 
cell activity

• 26.04.2024 cMRT Lymphoma progression with hemiparesis

• 14.05.2024 Autologous stem cell transplantation after conditioning with rituximab, 
carmustine, etoposide, and thiotepa

• 06/2024 Very good clinical response, largely symptom-free neurologically, cMRT; very
good PR 

• 24.07.2024 Allogeneic related HLA 10/10 matched peripheral blood stem cell
transplantation after cranial boost with 12 Gy and conditioning with TBI 8 Gy and 
fludarabine; GvHD prophylaxis: Tac, MMF; donor: sister

• Last update 01/2026: Complete remission



Onkopedia Guidelines



Solid Tumors













CAR-T cell Trials for solid tumors

• NCT06101082/NCT06658951/NCT04684459: anti-HER 2-CAR-T cells for HER2+ malignancies

• NCT07266311/NCT06084286/NCT05620732/NCT06134960/NCT05583201/NCT03874897/NCT0
5472857/NCT06782425: Claudin18.2 Positive Solid Tumors

• NCT07152236/NCT05341492/NCT06825455/NCT04483778/NCT04897321: B7H3 Positive Solid 
Tumors

• NCT06010862/NCT07179692/NCT06126406/NCT06006390/NCT07250386/NCT07250386/:NCT0
6043466 CEA-positive advanced/metastatic solid tumors

• NCT05518253/NCT05468190/NCT05947487: CD70-positive Advanced/​Metastatic Solid Tumors

• NCT05783089: MSLN-targeted CAR-T Cells in Solid Tumors

• NCT06501183/NCT06937567: CDH17-positive Advanced Malignant Solid Tumors

• NCT05779917/NCT04981691/NCT03545815: Mesothelin/​GPC3/​GUCY2C

• NCT06865664: FGFR4

• NCT02107963: GD2+ Solid Tumors

• NCT02587689: MUC1+ Advanced Refractory Solid Tumors

• NCT07224568/NCT07242417: GPC3



Autoimmune Diseases









Summary

• CAR-T cell Therapy is a promising alternative for 
patients with relapsed/refractory lymphomas and 
leukemias.

• In myeloma, CAR-T cell therapy has demonstrated 
remarkable outcomes

• CAR-T cell persistence is associated with longer 
remission

• CRS is the most common adverse event



Summary

• Not immediately available, a bridging therapy is 
almost always required

• Limited success in solid Tumors

• Promising results in autoimmune diseases

• EXPENSIVE



Emily Whitehead



Thank you for your attention
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