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Immunoterapia dei tumori



Dunn et al Immunity 2004

The immune system establishes a dynamic interaction with 
the tumour: cancer immunoediting 

In an attempt to re-engage the immune system in its

fight against cancer, cancer immunotherapy focuses

on the development of agents that can activate the

immune system to recognize and kill tumour cells.



Different approaches in cancer immunotherapy 



Trasformare un tumore freddo in uno caldo



Attivazione dell’immunità 
innata e adattativa

Neutralizzazione dei meccanismi
 di inibizione e di soppressione

Immunoterapia dei tumori

• Vaccinazione con antigeni tumorali

• Anticorpi monoclonali che attivano molecole co-
stimolatorie (OX40, 4-1BB, CD40, ecc.)

• Trattamento con citochine (es., IFN-α, IL-2)

• Aumento della presentazione dell’antigene
      (es., TLRs, DCs)

• Trasferimento adottivo di linfociti T tumore-specifici

• Chemioterapia/Radioterapia

• Anticorpi monoclonali contro molecole 
inibitorie (anti-CTLA-4, anti-PD-1)

• mAbs anti-CD25 (cellule T regolatorie)

Premere sull’acceleratore

Togliere i freni



Two main approaches to cancer immunotherapy:

 vaccine therapy and cell-transfer therapy

Rosenberg SA New England J Med 2004



ANTI-TUMOR IMMUNIZATION

• Therapeutic vaccines:   Augmentation of anti-tumor immune response

• Prophylactic vaccines: Prevention of tumor transformation



1. Trovare antigeni tumore-specifici, da utilizzare per l’azione dei linfociti T CD8+ o di anticorpi. 

2. Rendere i tumori più immunogenici, unendoli ad adiuvanti o facendogli esprimere citochine o molecole 

costimolatorie.

3. “Dendritic cell loading” con antigeni specifici o con cellule tumorali intere e stimolazione con adiuvanti 

specifici in sistemi di colture cellulari, prima del re-inoculo nel paziente.

1+2+3

Therapeutic vaccines:   

Augmentation of anti-tumor immune 

response

Approcci sperimentali per i vaccini anti-tumore 



L’antigene tumorale “ideale” per la vaccinazione

❖ E’ altamente espresso in un ampio numero di tumori.

❖ E’ espresso durante le prime fasi della trasformazione neoplastica.

❖ Gioca un ruolo fondamentale nella trasformazione neoplastica.

❖ E’ dotato di più peptidi immunogenici che possono essere presentati da alleli HLA diversi. 

❖ I suoi peptidi immunogenici sono generati dalla processazione nella cellula tumorale.

❖ E’ riconosciuto da un vasto repertorio di cellule T in grado di generare delle risposte efficaci. 

1. Trovare antigeni tumore-specifici



Cancer exome-based identification 

of neoantigens

1. Trovare antigeni tumore-specifici



Cancer whole exome sequencing

• Driver mutations

• Passenger mutations

• Nonsynonimous mutations

Neoantigens

1. Trovare antigeni tumore-specifici



Current approaches in neoantigen discovery and vaccine design

Katsikis Nat Rev Immunol 2023

1. Trovare antigeni tumore-specifici



Manipolazioni genetiche 

per aumentare l’immunogenicità delle cellule tumorali

2. Rendere I tumori più immunogenici



Generazione di vaccini anti-tumorali basati sulle cellule dendritiche (DC)

“Loading”

or CD34+ precursors

3. “DC loading”



1. The therapy is safe and well tolerated, side effects are constrained to induration of the skin at the injection site 

and a mild fever.

2. Importance of the quality of DCs, especially their migratory capacity and ability to induce potent T-cell responses. 

Notably, only a small percentage of the DCs injected in current trials actually migrate from the injection site into the 

draining lymph node to present the antigen to T cells. This might be due to suboptimal maturation protocols, and 

could be enhanced by preconditioning DCs with pro-inflammatory cytokines or Toll-like receptor agonists.

3. Development of various immunomonitoring tools to study the mechanisms underlying successful vaccination that 

will help to shape future vaccine design.

4. DC vaccination can induce immunological responses in many of the patients. 

Generation of anti-tumor DC vaccines
3. “DC loading”



First U.S. «cancer vaccine» in 2010!

PAP-GM-CSF consists of prostatic acid phosphatase 
(PAP), an antigen expressed in prostate cancer 
tissue, linked to granulocyte-macrophage colony- 
stimulating factor (GM-CSF)

Autologous cellular immunotherapy for the treatment of asymptomatic or minimally 
symptomatic metastatic and hormone refractory prostate cancer

Sipuleucel-T (Provenge)

p=0.03 

Kantoff, N Engl J Med 2010



First FDA Approval of therapeutic Cancer Vaccine 
A Milestone Victory for Field of Cancer Immunotherapy

“The challenge now is to maximize the effectiveness of cancer
vaccines such as Provenge by incorporating all we have learned in
recent years about the immune response to cancer and cancer
vaccine development, converting the four-month survival
advantage of Provenge-vaccinated patients into prolonged-even
lifelong-control of the disease”



ANTI-TUMOR IMMUNIZATION

• Therapeutic vaccines:   Augmentation of anti-tumor immune response

• Prophylactic vaccines: Prevention of tumor transformation



Infectious causes of cancer

Fauci AS, 2001



PROPHYLACTIC VACCINATION -  PREVENTION OF NEOPLASTIC TRANSFORMATION BY VACCINES   

• Identification of infectious agents as THE cause (viruses and bacteria) 

• Biology of preneoplastic lesions:  definition of lesions with high risk of transformation

• Identification of novel molecular targets  expressed in the pre-neoplastic lesions and recognized 

by the immune  system

A major breakthrough in anticancer therapy occurred in 2005 with the completion of a clinical trial involving 12167 women 

that tested a vaccine against human papilloma virus (HPV). This trial showed that a recombinant vaccine against HPV 

was 100% effective in preventing cervical (uterine cervix) cancer caused by two key HPV strains, HPV-16 and HPV-18, 

which are associated with 70% of cervical cancers. The vaccine most likely prevents infection of cervical epithelium by HPV 

through the induction of anti-HPV antibodies. 

It is a prophlylactic vaccine!!



HPV vaccine consisting of L1 (capsid protein) Virus-Like Particles (VLP) 

from HPV-16 and HPV-18

➢ HPV: virus a DNA responsabile di varie lesioni, comunemente note con il nome di condilomi, che si possono riscontrare a livello 

dell’apparato genitale femminile e maschile. Infezione a prevalente trasmissione sessuale.

➢ Sono noti più di 20 ceppi virali alcuni dei quali, tra cui il ceppo 16 e 18, hanno un elevato potere trasformante (ceppi oncogeni o high-risk). 

Anche i ceppi 31, 33, 45, 52 e 58 hanno potere trasformante.

➢ I ceppi high-risk sono responsabili dell’85% dei tumori della cervice uterina (Fonte: AIFA/EMA)

(ad es., da HPV16 o HPV18)



La ricerca che cura

Nel nostro Paese sono disponibili due vaccini:

•Bivalente (CERVARIX): somministrato solo alle femmine, contenente i sierotipi 16 e 18 (responsabili di oltre il 70% di tutti i tumori del 
collo dell’utero). Si inietta per via intramuscolare.

•Quadrivalente (GARDASIL): per maschi e femmine, contenente i sierotipi 6, 11 (responsabili di oltre il 90% dei condilomi ano-
genitali), 16, 18. Si inietta per via intramuscolare.

Proteina L1 Tipo 6 di Papillomavirus Umano 20 microgrammi

Proteina L1 Tipo 11 di Papillomavirus Umano 40 microgrammi

Proteina L1 Tipo 16 di Papillomavirus Umano 40 microgrammi

Proteina L1 Tipo 18 di Papillomavirus Umano 20 microgrammi

Proteina L1 del Papillomavirus1 umano di tipo 16 20 microgrammi

Proteina L1 del Papillomavirus1 umano di tipo 18 20 microgrammi

Nonavalente (GARDASIL9): 

Proteina L1 Tipo 6 di Papillomavirus Umano 20 microgrammi

Proteina L1 Tipo 11 di Papillomavirus Umano 40 microgrammi

Proteina L1 Tipo 16 di Papillomavirus Umano 40 microgrammi

Proteina L1 Tipo 18 di Papillomavirus Umano 20 microgrammi

L1 HPV 31,33,45,52,58

https://www.humanitas.it/cancer-center/malattie-e-cure/tumori-della-zona-pelvica/4059-tumore-della-cervice-uterina
https://www.humanitas.it/cancer-center/malattie-e-cure/tumori-della-zona-pelvica/4059-tumore-della-cervice-uterina


Cancer immunoprevention



Two main approaches to cancer immunotherapy:

 vaccine therapy and cell-transfer therapy

Rosenberg SA New England J Med 2004



ADOPTIVE CELL THERAPY

1985: Use of LAK cells plus IL-2 in cancer immunotherapy

LAK
Lymphokine-activated cells
mainly
IL-2 activated NK cells



3-4

1

2

Diversi approcci per il trasferimento adottivo di linfociti T tumore-specifici



TIL: tumor-infiltrating 
lymphocytes

Trasferimento adottivo di linfociti T tumore-specifici

(or take blood)

1-2

Rapid expansion of T cells (1,000- to 
5,000-fold, sometimes with infusion 
of IL-2), achieving 10-100 billion cells 
for adoptive transfer.



3-4



CAR

CHIMERIC ANTIGEN RECEPTOR

3-4

More info next week…



(selected TIL cell lines or bulk TILs)

(MART-1 or NY-ESO-1+APCs+HLA-I/II in melanoma; 
variable clinical efficacy)

(up to 10^11)

(or total body irradiation)

Lizee G Ann Rev 2013

Diversi approcci per il trasferimento adottivo 

di linfociti T tumore-specifici per il melanoma metastatico
1-2-3-4



ADOPTIVE NK CELL THERAPY 

Induced pluripotent stem cell



Attivazione dell’immunità 
innata e adattativa

Neutralizzazione dei meccanismi
 di inibizione e di soppressione

Immunoterapia dei tumori

• Vaccinazione con antigeni tumorali

• Anticorpi monoclonali che attivano molecole co-
stimolatorie (OX40, 4-1BB, CD40, ecc.)

• Trattamento con citochine (es., IFN-α, IL-2)

• Aumento della presentazione dell’antigene
      (es., TLRs, DCs)

• Trasferimento adottivo di linfociti T tumore-specifici

• Anticorpi monoclonali contro molecole 
inibitorie (anti-CTLA-4, anti-PD-1)

• Chemioterapia (es. ciclofosfamide)

• mAbs anti-CD25 (Treg)

Premere sull’acceleratore

Togliere i freni



Gli anticorpi monoclonali:
come sfruttare un prodotto del sistema immunitario

nella terapia contro il cancro

contro un antigene tumorale
o una molecola espressa dalla cellula neoplastica

contro una molecola espressa dai linfociti T



Potential targets for 

antibody therapy of cancer

a) Tumor-associated blood vessel

b) Vascular growth factors (i.e. VEGF)

c) Diffuse malignant cells

d) Tumor cells in a solid tumor

e) Tumor-associated stroma



Immunoterapia mediata dagli anticorpi monoclonali: meccanismi d’azione

Tossina o radioisotopo 

legato ad un anticorpo



Monoclonal antibody (mAb)-mediated immunotherapy



Anticorpi monoclonali approvati dalla FDA per l’uso clinico in oncologia negli USA 



HER-2 iperespresso

HERCEPTIN HERCEPTIN blocca HER-2

Trastuzumab 
[un anticorpo diretto contro l’human epidermal growth factor receptor 2 (HER-2)] 
[nome commerciale HERCEPTIN]: 
storia di un successo



DALLA MOLECOLA ALLA CLINICA: Her2/Neu

❖ Her2 è over-espresso nel 30% dei carcinomi mammari e questo correla con il grado di aggressività del 

tumore (staging e grading più avanzati).

❖ Rappresenta un utile mezzo per identificare quelle pazienti che potrebbero beneficiare della terapia con 

anticorpi anti-Her2.

❖ Inibizione di Her2 per trattare il carcinoma della mammella: 

L’uso dell’anticorpo monoclonale anti-Her2 TRASTUZUMAB (un mAb umanizzato) porta all’arresto del ciclo 

cellulare (effetto anti-proliferativo diretto o interferenza con il legame dell’EGF al recettore) 

HER-2–positive invasive ductal carcinoma



Adams & Weiner Nature Biotechnology 2005

Examples of antibody-mediated signaling inhibition



Trastuzumab: the first success

Dati su 1694 donne (NEJM) hanno dimostrato un allungamento significativo della sopravvivenza 

dopo trattamento con chemioterapia seguita da Herceptin   



Score (USA):

0-1+: negative

2+: equivocal

3+: positive

Gene copy number:

=4 (amplified) =1.9 (not amplified)

Human epidermal growth factor receptor (HER)-2 testing

Pink: Her2 gene

Green: centromere (chr 17)

Trastuzumab is not good for everyone…



Mehta R.S. et al., Front Immunol 2018

STRATEGIES TO ENHANCE ADCC FOR Ab-BASED NK CELL THERAPIES



BiKE- and TriKE-mediated NK cell targeting to tumor-associated antigens 

Jeffrey S. Miller Hematology 2013



BiKE- and TriKE-mediated NK cell targeting to tumor-associated antigens 

Jeffrey S. Miller Hematology 2013



Tumor-targeted antibody strategies to enhance NK cell activity



Attivazione dell’immunità 
innata e adattativa

Neutralizzazione dei meccanismi
 di inibizione e di soppressione

Immunoterapia dei tumori

• Vaccinazione con antigeni tumorali

• Anticorpi monoclonali che attivano molecole co-
stimolatorie (OX40, 4-1BB, CD40, ecc.)

• Trattamento con citochine (es., IFN-α, IL-2)

• Aumento della presentazione dell’antigene
      (es., TLRs, DCs)

• Trasferimento adottivo di linfociti T tumore-specifici

• Anticorpi monoclonali contro molecole 
inibitorie (anti-CTLA-4, anti-PD-1)

• Chemioterapia (es. ciclofosfamide)

• mAbs anti-CD25 (Treg)

Premere sull’acceleratore

Togliere i freni



Lo spegnimento della risposta immunitaria



Freeman GJ  & Sharpe AH Nature Immunol 2012

Exhausted T cells can express multiple inhibitory receptors



CTLA-4 is induced on activated T 

cells and binds to the same ligands 

(B7.1/B7.2, CD80/CD86) as CD28, 

the most important costimulatory 

molecule of T cells. 

However, CTLA-4 engagement is 

inhibitory for T-cell activation, rather 

than activatory.

CTLA-4 has a higher affinity for its B7 ligands than does CD28, and, apparently of importance for its inhibitory function, it aggregates multiple B7 

molecules

CTLA-4 has higher affinity than CD28 for B7 

and engages it in a multivalent orientation



Biological importance of PD-1 immunoinhibition

Okazaki T et al Nature Immunol 2013





Trasformare un tumore “freddo” in uno “caldo”



2018 Nobel Prize in Physiology and Medicine was awarded to 

Tasuku Honjo and James Allison for their discoveries in cancer 

immunology.

Prof. Honjo was awarded due to his discovery of the programmed 

death molecule-1 (PD-1) on T cells.

Prof. Allison discovered another important immunosuppressive 

molecule: cytotoxic T-lymphocyte antigen-4 (CTLA-4)



Immunocheckpoint blockade therapy





Blockade of PD-1 or CTLA-4  signaling in tumor immunotherapy

Ribas A N Engl J Med 2012

LN Tissue

T cell T cell TumorAPC



Ipilimumab (anti-CTLA-4)Togliere i freni….



Correlation of tumor somatic mutation frequency 

with objective response rates to immunocheckpoint blockade



Despite these encouraging results, efficacy of ICIs is not consistent across indications, and 

the percentage of responders is far from optimal. Several mechanisms could be at play underlying 

these differential clinical activities. 

Efficacy of ICIs requires a preexisting strong immune infiltrate and generation or rescue of 

an effective antitumor immune response. Of note, this parallels the prognostic importance of 

the Immunoscore.



Premere sull’acceleratore e togliere i freni: 
la terapia che unisce i vaccini anti-tumorali 
con gli inibitori degli «immunocheckpoint»



isultati immagini per jumping from frying pan into fire

ATTENZIONE!

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjzmMbdxI_UAhXLthQKHb7iC8sQjRwIBw&url=http://fridayreflections.typepad.com/weblog/2009/07/out-of-the-frying-pan-into-the-fire.html&psig=AFQjCNEwy918Qde3toXT8tSOrR8fJCQC-w&ust=1495955854928678


isultati immagini per neoantigens

Tumors represent a dilemma to “self-non self” dichotomy:

the link between tumor immunity and autoimmunity

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiVhp7SkIzUAhVF1xoKHSyVCxUQjRwIBw&url=https://www.linkedin.com/pulse/race-discover-neoantigens-cancer-immunotherapy-peter-ho&psig=AFQjCNG7ZEp8k9S1jdWslvG_5nFX7XN0dA&ust=1495838993829844


Immune toxicity associated with immunotherapy of cancer

Clinical benefits of anti-cancer immunotherapy are often paralleled by robust autoimmune reactions, 

suggesting that tumor cells, no matter how malignant they are, remain for the most part self entities.



Quanto un tumore può essere considerato «self»?

Miska J et al, Oncoimmunology 2013 

I tumori attivano meccanismi 
di tolleranza molto più 
efficacemente dei tessuti 
normali, riflettendo uno stato 
«immunoprivilegiato». 

Risposte autoimmuni potenti 
possono eradicare il tumore, 
ma l’effetto «collaterale» della 
distruzione dei tessuti sani si è 
rivelato difficile da aggirare.



The challenge of the future cancer immunotherapy 

research will be a better understanding of the link 

between tumor immunity and autoimmunity

isultati immagini per angel and devil

To avoid

isultati immagini per jumping from frying pan into fire

Jumping from the frying pan 

into the fire

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjJ6uaevY_UAhUG0xQKHYCnBk8QjRwIBw&url=https://www.pinterest.com/pin/333196072404923086/&psig=AFQjCNFN1D5UyAFELjVS2RfgkmGgn6WZmw&ust=1495954005884016
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjzmMbdxI_UAhXLthQKHb7iC8sQjRwIBw&url=http://fridayreflections.typepad.com/weblog/2009/07/out-of-the-frying-pan-into-the-fire.html&psig=AFQjCNEwy918Qde3toXT8tSOrR8fJCQC-w&ust=1495955854928678


Combining targeted therapies with adoptive cell transfer-based immunotherapy



 

as 

domain family 

to 

Some characteristics of immunogenic cell death:

Surface-exposed molecules, as well as soluble products from dying cells, affect the function of DCs in several ways, 

by binding to specific receptors or to PRR

Radio/chemotherapy induces tumor immunogenic cell death

Therapy-induced 

stress

DAMPS

C-type lectin domain family 9, member A 

RAGE (receptor for advanced glycosylation end products

CHEMOIMMUNOTHERAPY: 

the NEW in the OLD!



Mechanisms of chemotherapy-driven immunogenic cell death (ICD)



Contribution of the immune system to the success 

of anti-tumour conventional therapy

Nude mice

Balb/c



Improved overall survival as a result of combination therapy



chirurgia

chemioterapia

radioterapia

immunoterapia

Combinare vecchie e nuove terapie

 può essere la strategia vincente!





Oncolytic viruses 

and the immune system



Innate sensing of OVs 

leads to induction of 

ISGs and cytokines

DePeaux K., Trends in Cancer 2024



4a)   selectively killing the tumor cells, and 

4b)  initiating a systemic immune response. 

Viral replication inside the tumor cells primarily causes cell 

death. It is mediated by cell receptor targeting and disruption 

in the host cell defense mechanism.

OVs cause tumor lysis by two mechanisms

Reddy R, J Neurosurgery 2024



Reddy R, J Neurosurgery 2024
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