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Immunotherapies 

in Cancer



Hyperactivation Suppression

Immune System

Germs

CancerSelf-harm



Weinberg and Hanahan 

Hallmarks of cancer



Modes of immunotherapy in solid tumors

Cancer survival in the era of immunotherapy

Future directions



Kuznetsova, 2024

The immune landscape of a solid tumor



Kuznetsova, 2024

T-cell “exhaustion” NK-cell “dormancy”

Immune tolerance within the tumor microenvironment (TME)

Predominance of 

immunosuppressive 

macrophages (TAMs)

1 2

3



Nersesian, 2021; Dean, 2024 

TME induces loss of NK cell effector 

functions

Modulation of immune cells by the TME - the example of NK cells



Kuznetsova, 2024



Kuznetsova, 2024

➢ Enhance the effector function of infiltrating 

immune cells

➢ Improve the infiltration of CTLs, NK cells, M1 

macrophages

➢ Inhibit the infiltration of Tregs, MDSCs, TAMs 

(M2 macrophages)

Goals of immunotherapy

➢ Generation of immunological memory



Modes

Cancer vaccines

Adoptive cell transfer (ACT) 

Monoclonal antibodies

Oncolytic viruses

Immune Checkpoint 

Inhibitors (ICIs)

Antibody-Drug 

Conjugates (ADCs)

Bi- or Tri-specific Immune 

Cell Engagers (ICEs)

(TCR) T-cells

CAR-T/NK/M cells

CART.BiTE

T-VEC©

Adstiladrin©



BCG infusions (1976 - )

Bladder cancer (non-muscle invasive)

Redelman-Sidi, 2014



ICIs



Basudan, 2023

Other targetable immune checkpoints 

- LAG-3

- TIM-3

- TIGIT

- CD73

- VISTA

- BTLA

- NKG2A

➢ PD-1      PD-L1

➢ CTLA-4      CD80/CD86

Priming Phase

Effector Phase



ICIs



The example of advanced melanoma

Wolchok, 2025

Before ICI

Median OS*: 

6-9 months

*OS: Overall Survival 



The example of advanced non-small cell lung cancer

Garassino, 2023; Makharadze, 2023; Reck, 2024  

KEYNOTE-189

11 months

19 months

EMPOWER-Lung 3

CheckMate 9LA



The example of early-stage, triple-negative breast cancer

Schmid, 2024



The example of advanced, MSI-H colorectal cancer

André, 2024



Tumor-agnostic indication (MSI-H/dMMR tumors)

Eso, 2019

Increased mutation burden



Tumor-agnostic indication - Pembrolizumab (MSI-H/dMMR tumors)

Trial ID No. of Patients Previous lines of therapy

KEYNOTE-158 373 ≥ 1

KEYNOTE-164 124 ≥ 1

KEYNOTE-051 7 (pediatric)

Source: fda.gov

ORR: 33%



Mechanisms of ICI resistance

Tumor-intrinsic Tumor-extrinsic

➢ Loss of neoantigens

➢ Defective antigen presentation

➢ Tumor cell phenotypic changes

➢ Upregulation of alternative 

immune checkpoints

➢ Metabolic antagonism

➢ Immunosuppressive immune 

cell infiltration

➢ “Irreversible” T cell exhaustion

Alsaafeen, 2025

➢ Gut microbiome



Side effects of ICIs (immune-related adverse events)

Martins, 2019 

Neuritis

CTLA-4 PD-1

PD-1 & CTLA-4



Courtesy of: Michail Papadakis

A rare example of fatal ICI-related adverse events 



ICIs and autoimmune diseases

ESMO Clinical Practice Guidelines, 2022

Rheumatoid Arthritis

Psoriasis

IBD

SLE

Usually excluded from 

clinical trials 





Antibody-Drug Conjugates (ADCs)

Fu, 2022



Kuznetsova, 2024

Antibody-Drug Conjugates (ADCs)



Fu, 2022

ADCs



  

 
 

 

 

 

 

 

 

 
 

  
   

 
 

  
 

 
 

  

    

 

 

 

 

 

 

        

Trastuzumab deruxtecan (HER2) – Breast Cancer

Sacituzumab govitecan (Trop-2) 

– Breast Cancer

Enfortumab vedotin (Nectin-4) 

– Bladder Cancer



• High drug:antibody ratio: ~8

• Stable linker-payload

• Tumor-selectable cleavable 
linker

• High potency, membrane-
permeable payload with short 
systemic half-life

• Bystander killing effect

Humanized anti-HER2 IgG1 mAb with 

same AA sequence as trastuzumab

Tetrapeptide-based cleavable linker

Cysteine residue

Drug/linker

Topoisomerase I inhibitor (DXd) payload
(an exatecan derivative)
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Deruxtecan

Slide credit: clinicaloptions.com

Trastuzumab deruxtecan (Enhertu®)

• CNS permeability



➢ HER2-low disease: mOS = 23.9 months

(vs. chemotherapy: 17.5 months)

➢ HER2+ disease: mOS = 52.6 months

(vs. T-DM1: 42.7 months)

Second Line Treatment





mOS (all cohorts): 13.6 mo (11.9 – 15.5)

mOS (HER2 3+ cohort): 21.1 mo (15.3 – 29.6)



Source: fda.gov



Kuznetsova, 2024

BiTEs



A promising new BiTE for refractory small cell lung cancer

Ahn, 2023

Comparator OS:

< 6 months



Therapeutic cancer vaccines

Zaidi, 2025

➢ Peptide-based

➢ Nucleic acid-based

➢ Cell-based



Therapeutic cancer vaccines

IMPACT (phase III) Sipuleucel-T (FDA, 2010)

Prostate Cancer

Kantoff, 2010



Therapeutic cancer vaccines

Feola, 2020



Prediction of neoantigen candidates: a challenging task

Fan, 2023



Therapeutic cancer vaccines

KEYNOTE-942 (Phase II)

Slide Credit:

mRNA-4157 (V940)

(up to 34 individ. neoantigens)

Khattak. ASCO 2023. Abstr LBA9503.

§ Randomized, open-label phase II trial

mRNA-4157 (V940) 1 mg IM Q3W, max 9 doses +
Pembrolizumab 

200 mg IV Q3W, max 18 cycles within 1 yr

(n = 107)

Patients with stage IIIB, IIIC, IIID, or IV 
cutaneous melanoma with complete 

surgical resection ≤13 wk prior to first 

pembrolizumab dose; disease free 
at study entry; ECOG PS 0-1; 

tissue available for NGS 
(N = 157)

Stratified by disease stage

§ Primary endpoint: RFS § Secondary endpoints: DMFS, safety, tolerability

2:1

Pembrolizumab 
200 mg IV Q3W, max 18 cycles within 1 yr

(n = 50)

Follow up:
3 yr after first 

dose of 

pembrolizumab 

Melanoma

(FDA, 2023)



Weber, 2024



Therapeutic cancer vaccines

Zaidi, 2025





Oncolytic viruses

Ferrucci, 2021

Melanoma: T-VEC
(Vector: HSV)



Oncolytic viruses

Andtbacka, 2019

Stage IIIB/C

Stage IIIB-IVM1a

Unresectable melanoma (low tumor burden)



Oncolytic viruses

Shalhout, 2023

Early viral clearance

Challenges in clinical development



Adoptive Cell Therapy

Fang, 2023



TCR T-cell therapy

First approval (FDA, 2024): afami-cel (autologous T cells)

Chemo-resistant synovial sarcoma 

→ HLA-A*02:01P, -A*02:02P, -

A*02:03P, or -A*02:06P (+)

→ MAGE-A4 (+)

D’Angelo, 2024



Kuznetsova, 2024

CAR-T cells

FDA approval: B-cell malignancies

➢ CD19-targeting

➢ BCMA-targeting

None for solid tumors (!)

Unfavorable factors

❖ Complex TME in solid tumors

❖ Difficulty choosing appropriate TAAs

❖ Heterogeneous target antigen expression

❖ “Tumor antigen escape”

Potential solutions

▪ Bi-specific CAR T-cells

▪ Intratumoral delivery



Kuznetsova, 2024

CAR-NK cells



Cytokine Release Syndrome (CRS) / ICANS / GVHD

Morris, 2021

CRS symptoms

- Cardiac

- Pulmonary

- Hepatic

- Renal

- Gastrointestinal

ICANS symptoms

- Confusion

- Slurred speech / aphasia

- Seizures

- Cerebral oedema

- Coma (!)



Future Directions
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Sade-Feldman, 2018; Knight, 2023 

Novel immunotherapy approaches

CD39 / CD73 Inhibitors
E



THANK  YOU



Oncolytic viruses

High-risk, BCG-unresponsive, non-muscle invasive bladder Ca: Nadofaragene firadenovec-vncg 

Narayan, 2024

Alternative:

(Vector: adenovirus)



Oncolytic viruses

High-risk, BCG-unresponsive, non-muscle invasive bladder Ca: Nadofaragene firadenovec-vncg 

Boorjian, 2022

(Vector: adenovirus)


