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BCR-ABL causa un’attivazione costitutiva dei segnali che promuovono la 
sopravvivenza e la proliferazione delle cellule ematopoietiche



Mechanism of action of Imatinib mesylate
(Glivec)



The first targeted therapy



Targeted therapies in cancer
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HER2 is amplified in many tumor subsets



HER2 is amplified in a subset of breast cancer



Circulating tumor cells may seed and form distant metastases

Adjuvant therapy for micrometastases

Therapy for macrometastases



N Engl J Med. 354:809-20, 2006

Adjuvant docetaxel or vinorelbine with or without
trastuzumab for HER2+ breast cancer



Response Evaluation Criteria in Solid Tumors (RECIST)
The Response Evaluation Criteria in Solid Tumors (RECIST) were published in February
2000 by the European Organization for Research and Treatment of Cancer (EORTC), 
the National Cancer Institute of the United States, and the National Cancer Institute
of Canada Clinical Trials Group. RECIST criteria are used to evaluate a patient’s
response to the therapy used to treat their disease.



Overall Survival (OS) concerns the percentage of people in a study or treatment group
who are still alive for a certain period of time after they were diagnosed with or
started treatment for a disease, such as cancer. The overall survival rate is often stated
as a five-year survival rate, which is the percentage of people in a study or treatment
group who are alive five years after their diagnosis or the start of treatment. Also
called survival rate.

Progression-free survival (PFS) is a measure of the activity of a treatment on a
disease. It is the time that passes from a certain date (generally the first day of
treatment, or the day in which a patient is enrolled in a clinical trial) and the date on
which disease "progresses" or the date on which the patient dies, from any cause. PFS
can only be measured in patients in which a tumor is present.

Survival Outcomes



Therapeutic effect of anti-HER2 antibody (trastuzumab) 
in breast cancer

Breast Cancer Res. (2008)

Adjuvant treatment Treatment of metastatic disease



Antibody-drug conjugates for cancer therapy



T-DM1 in metastatic breast cancer patients

Verma S, NEJM 2012

Mertansine induces microtubule damage



Enhertu is composed by trastuzumab conjugated to the topoisomerase I 
inhibitor deruxtecan via a protease-sensitive linker

doi.org/10.3390/ph13090245





MS Lawrence et al. Nature 2013

Somatic mutation frequencies observed in exomes from 3,083
tumour–normal pairs.

Somatic mutation rate in human cancers

Carcinogens



Classification of breast cancer by gene expression analysis



Significantly mutated genes and correlations with genomic and clinical features
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TCGA, Breast Cancer, Nature, 2012





Genomic analysis of primary and metastatic melanoma

http://dx.doi.org/10.1016/j.cell.2015.05.044



Before therapy After therapy

BRAF inhibitors in metastatic melanoma





Genetic alterations in the context of RAF inhibitor therapy. 

Eliezer M. Van Allen et al. Cancer Discovery 2014;4:94-109



Genetic alterations in the context of RAF inhibitor therapy. 

Eliezer M. Van Allen et al. Cancer Discovery 2014;4:94-109



BRAF inhibition vs combined BRAF and MEK inhibition

Larkin J, NEJM 2014



In this double-blind, placebo-controlled, phase 3 trial, we randomly assigned 870 patients with completely resected, stage III melanoma with
BRAF V600E or V600K mutations to receive oral dabrafenib at a dose of 150 mg twice daily plus trametinib at a dose of 2 mg once daily
(combination therapy, 438 patients) or two matched placebo tablets (432 patients) for 12 months.

Long, N Engl J Med 377:1813, 2017

Adjuvant therapy in BRAF-mutated stage III melanoma



Intratumor heterogeneity

Gerlinger M, N Engl J Med. 2012



Intratumor heterogeneity

Gerlinger M, N Engl J Med. 2012
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Espansione

Sfera tumorale

Differenziamento

Le cellule staminali tumorali possono essere espanse 
ininterrottamente o differenziate

Coltura di 
sfere tumorali



Selection of LY2606368

Drug screening on colorectal cancer stem cells

Manic, et al. GUT 5:903, 2018



Stage III cancer
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Adapted from Zeuner et al. Cell Stem Cell, 15:692-705, 2014

Adjuvant therapy in stage III CRC: Useless (50%), Effective (20%), Ineffective (30%)
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Encompasses several different treatment approaches, each of which has a distinct 
mechanism of action, and all of which are designed to boost or restore immune function 

Cancer Immunotherapy

 Active Immunotherapy

Checkpoint Inhibitors

Costimulators and Cytokines

Cancer Vaccines

 Passive Immunotherapy

Adoptive Cell Therapy

Graft-versus-Leukemia Effect

Antitumor Antibodies

Nonspecific Stimulators





Active Immunotherapy – Checkpoint Inhibitors
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Active Immunotherapy – Immune Checkpoint Inhibitors

Figure adapted from Ribas, Cell 2017

Nobel prize 2018



Targeting CTL-4 and PD-1 in metastatic melanoma

Figure adapted from Wolchok, NEJM 2017

Nivolumab + Ipilimumab
945 pts with advanced melanoma
Nivolumab 1 mg/kg Ipilimumab 3 mg/kg every 3 weeks



Passive Immunotherapy



Generation and structure of bispecific T cell engagers

doi.org/10.1016/j.pharmthera.2012.07.013 

anti-tumor Ab anti-CD3 activating Ab BiTE

The variable domains (VH and VL) of a tumor-specific monoclonal antibody (mAb) and a CD3-specific mAb were converted into 
single-chain antibodies (circle) recombinantly joined by non-immunogenic linker sequences as shown. The resulting bispecific 
antibody construct has with 55 kDa only a third of the size of a regular mAb.





Mode of blinatumomab action. The bivalently binding of blinatumomab forces formation of cytolytic
synapse between a target cell (left) and a cytotoxic T cell (right). As a consequence, the toxins perforin and a 
cocktail of granzymes are released by T cells into the synaptic cleft. Ensuing reactions — as can be measured
by various assays in co-culture experiments — are depicted in italics. Blinatumomab solely binding to target 
or T cells has no significant biological activity. 







https://www.cancer.gov/

CAR-T cell generation is a multi-step 
complex  process that involves manipulation 
of T cells ex vivo, reinfusing CAR-T cells 

La procedura per la preparazione e l’infusione delle cellule CAR T



La prima terapia CAR T approvata è in grado di
curare le leucemie e i linfomi della linea B



CAR T-Cell Therapy in Refractory Large B-Cell Lymphoma

N Engl J Med 377:2531, 2017
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Le cellule CAR T possono distruggere le cellule tumorali molto rapidamente

Prima Dopo



KTE-X19 CAR T-Cell Therapy in Relapsed or Refractory Mantle-Cell Lymphoma

N Engl J Med 2020; 382:1331



In an attempt to treat cancer patients with ERBB2 overexpressing tumors, we developed a chimeric antigen receptor (CAR) based on the
widely used humanized monoclonal antibody (mAb) Trastuzumab (Herceptin). An optimized CAR vector containing CD28, 4-1BB, and CD3ζ
signaling moieties was assembled in a γ-retroviral vector and used to transduce autologous peripheral blood lymphocytes (PBLs) from a
patient with colon cancer metastatic to the lungs and liver, refractory to multiple standard treatments. The gene transfer efficiency into
autologous T cells was 79% CAR+ in CD3+ cells and these cells demonstrated high-specific reactivity in in vitro coculture assays. Following
completion of nonmyeloablative conditioning, the patient received 1010 cells intravenously. Within 15 minutes after cell infusion the patient
experienced respiratory distress, and displayed a dramatic pulmonary infiltrate on chest X-ray. She was intubated and despite intensive
medical intervention the patient died 5 days after treatment. Serum samples after cell infusion showed marked increases in interferon-γ (IFN-
γ), granulocyte macrophage-colony stimulating factor (GM-CSF), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and IL-10, consistent
with a cytokine storm. We speculate that the large number of administered cells localized to the lung immediately following infusion and were
triggered to release cytokine by the recognition of low levels of ERBB2 on lung epithelial cells.



Experimental setup for the generation of CSC specific antibodies
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 FACS-based screening allows parallel analysis of three different cell populations

Haas et al. Cell Stem Cell, 21: 35-50, 2017
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Haas et al. Cell Stem Cell, 21: 35-50, 2017



1) Identify the antigen binding domain
2) Clone the variable chains of the antibodies
3) Generate a single chain fragment of the variable region (scFv)
4) Test the functionality of the scFv
5) Design, express and test the affinities of the BiTEs
6) Design, express and test CARs

BiTE
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Antibody Engeneering for the Generation of CARs an BiTEs



Generation of a Canonical Chimeric Antigen Receptor T Cell (CAR T) 

Hook the scFv to the N-terminus of
The constant part of a recombinant
Antigen receptor (signaling domains)
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T cell

Infection of T cells

Generation of
recombinant Lenti

(or Retro-) virus
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Cellule staminali tumorali (verdi) 
e i linfociti T non armati

Cellule staminali tumorali (verdi) 
e i linfociti T armati

Le cellule staminali tumorali possono essere distrutte dai linfociti 
ingegnerizzati o armati
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