
Over the years cancer immunotherapy has shown very promising results in the treatment  

of multiple cancers and represents today one of the most innovative strategies  
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!e mission of the IBSA Foundation is to promote a science culture and to 
serve as a meeting point between the scienti"c world and the general public.
In order to achieve this goal, IBSA Foundation focuses on a range of activities, 
the most important of which is the organization of international Forums: these 
are one-day meetings that cover di#erent and evolving aspects of new frontiers 
of life-science-related subject areas and bring a global network of scientists to-
gether to discuss the latest pre-publication research in their "elds.
IBSA Forums − always organized in collaboration with the academic world, 
institutions, and leading research centres − represent a chance for speakers to 
compare and contrast ideas, as well as to exchange information and ideas on 
forward-looking topics and new developments in scienti"c research.
!ey also represent an opportunity for students, experts, and all participants 
to discuss issues, share insights and learn: a process of exchange that provides 
valuable input for further research and drives advancements in knowledge.
In each Forum prominent experts from the international scienti"c community fo-
cus on a signi"cant topic in the "eld of biology or medicine that has a great impact 
on people’s health and quality of life, describing state-of-art and future challenges.
!e “IBSA Foundation Papers” series brings together the proceedings of Fo-
rums which the Foundation has organized since its establishment in 2012.
All Papers can be downloaded for free in PDF format from ibsafoundation.org 
and are also available in print version.

Presentation
Silvia Misiti

Head of IBSA Foundation for scientific research
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Although the "rst notion of immuno-oncology dates back to the end of the 
XIXth century, the "eld has only gained the general community’s attentions in 
the last two decades. 
Its e%cacy is based on the use of the body’s own immune system for the elimi-
nation of cancer cells. In the last decade, several treatments have been approved 
for their use in clinics, and the discovery of checkpoint inhibitor-based thera-
pies has been awarded the 2018 Nobel Prize in Medicine.
Despite the initial enthusiasm, years of failures have taught us that tumors have 
the ability to evade and even exploit the immune response. 
Ultimately, new exciting immunotherapies have been developed, which have 
demonstrated to be e#ective strategies against di#erent type of malignancies: 
adoptive T cell therapy and immune checkpoint inhibitors are among the most 
relevant.

Introduction
Andrea Alimonti

IBSA Foundation Scientific Board
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Cancer immunotherapy is one of the most e#ective therapeutic strategies to "ght 
di#erent types of tumors. Its e%cacy is based on the use of the body’s own im-
mune system to eliminate cancer cells.  
Among the di#erent types of immunotherapies, the most recent discoveries 
have focused on adoptive T cell therapy and immune checkpoint inhibitors. 

Adoptive T cell transfer
Adoptive T cell therapy consists of the ex vivo expansion of patient-derived 
tumor-reactive T lymphocytes, and their reinfusion into the patient, with the 
aim of speci"cally recognizing and eliminating cancer cells. T lymphocytes 
may be derived from the tumor tissue (tumor-in"ltrating lymphocytes, TILs), 
or from the patient’s peripheral blood. To increase their ability of eliminating 
the tumor, T cells can be genetically engineered to express antigen-speci"c T 
cell receptors (TCR) or chimeric antigen receptors (CAR) [1]. 
CAR-T cells represent the most recent and exciting type of adoptive T cell thera-
py; the topic will be highlighted by Prof. Carl June, the discover of this approach. 
!ey are characterized by the expression of a chimeric receptor, combining a sin-
gle chain variable fragment domain (scFv), with antibody-like features, with the 
signaling domain of CD3 linked to a costimulatory domain. Compared to engi-
neered TCRs, CARs have the potential of recognizing the target antigen even in 
a major histocompatibility complex (MHC-unrestricted manner [1]. 

Cancer 
immunotherapy
Sara Zumerle1, Andrea Alimonti2

1 Department of Medicine, University of Padua, Padua, Italy;  
Veneto Institute of Molecular Medicine (VIMM), Padua, Italy
2 Institute of Oncology Research (IOR), Bellinzona, Switzerland; Università del-
la Svizzera italiana (USI), Lugano, Switzerland; Department of Medicine, Uni-
versity of Padua, Padua, Italy; Veneto Institute of Molecular Medicine (VIMM), 
Padua, Italy
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So far, two CAR-T therapies have received approval from the Food and Drug 
Administration (FDA), both targeting the CD19 protein: tisagenlecleucel 
(Kymriah®), for the treatment of certain types of non-Hodgkin lymphoma and 
B cell acute lymphoblastic leukemia, and axicabtagene ciloleucel (Yescarta®), 
for certain types of non-Hodgkin lymphoma [2, 3] (• Table 1). 
Moreover, CD19-CAR-T cells have shown promising results in the numer-
ous clinical trials for hematologic malignancies, like acute lymphoblastic leu-
kemia (ALL), di#use large B cell lymphoma (DLBCL), chronic lymphocytic 
leukemia (CLL), and other B-cell non-Hodgkin lymphomas [4].
In solid tumors, CAR-T cell therapy has shown limited therapeutic e%cacy. 
One major limitation is the identi"cation of suitable antigens to be targeted, 
i.e. antigens whose expression is speci"c for and shared by the cancer cells [5]. 
Moreover, CAR-T cell recruitment and function in the tumor can be hindered 
by the suppressive tumor microenvironment.

• Table 1. FDA-approved immunotherapies

Treatment 
type Drug Target FDA-approved application

CAR T-cells

Tisagenlecleucel (Kymriah®) CD19 Non-Hodgkin lymphoma; B cell 
acute lymphoblastic leukemia

Axicabtagene ciloleucel 
(Yescarta®) CD19 Non-Hodgkin lymphoma

Immune 
checkpoint  
inhibitors

Ipilimumab (Yervoy®) CTLA-4 Melanoma

Atezolizumab (Tecentriq®) PD-L1 Bladder and lung cancers

Avelumab (Bavencio®) PD-L1 Bladder and Merkel cell carcinoma

Durvalumab (Imfinzi®) PD-L1 Bladder and lung cancers

Nivolumab (Opdivo®) PD-1
Bladder, colorectal, head and neck, 
kidney, liver, and lung cancers,  
and melanoma

Pembrolizumab  
(Keytruda®) PD-1

Bladder, pediatric lymphoma,  
colorectal, esophageal, head  
and neck, and lung cancers as well 
as lymphoma and melanoma

Ipilimumab + nivolumab CTLA-4  
and PD-1 Melanoma and kidney cancer
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Immune checkpoint inhibitors 
Another appealing immunotherapy approach aims to enhance the body’s antitu-
mor immune response by targeting inhibitory molecules that block T cell function, 
such as cytotoxic T lymphocyte-associated protein 4 (CTLA-4) and programmed 
cell death 1 (PD-1). !is important discovery in the "eld of immunotherapy 
earned James P. Allison and Tasuku Honjo the Nobel Prize in Medicine.
CTLA-4 is expressed at the membrane of activated T lymphocytes, where it 
counteracts the action of the costimulatory molecule CD28. !e idea of tar-
geting CTLA-4 to boost antitumor immune response was theorized and tested 
by J. Allison [6] and it wasn’t long before two anti-CTLA4 antibodies, ipili-
mumab and tremelimumab, entered clinical trials, demonstrating their clinical 
e%cacy, in particular, in patients with advanced metastatic melanoma [7]. To 
date, one CTLA-4 inhibitor, ipilimumab (Yervoy®), has been approved by the 
FDA (in 2011) for the treatment of melanoma, and its action is being evaluat-
ed in di#erent cancer types, together with other CTLA-4-targeting molecules.
PD-1 is expressed by T lymphocytes and binds to PD-L1, widely expressed by 
somatic cells, and PD-L2, mostly expressed by antigen-presenting cells. Upon 
ligand binding, PD-1 acts as an immune checkpoint of the TCR downstream 
signaling [8]. !e expression of PD-L1 by tumor cells is induced by in&am-
matory mediators and results in PD-1-dependent T lymphocyte exhaustion. 
Nivolumab, the "rst PD-1-targeting antibody tested in clinical trials, showed 
consistent anti-tumor activity accompanied by limited toxicity [7]. 
Today, "ve treatments targeting the PD-1/PD-L1 axis have received FDA ap-
proval: atezolizumab (Tecentriq®) for the treatment of bladder and lung cancers; 
avelumab (Bavencio®) for the treatment of bladder and Merkel cell carcinoma; 
durvalumab (Im"nzi®) for the treatment of bladder and lung cancers; nivolumab 
(Opdivo®) for the treatment of bladder, colorectal, head and neck, kidney, liver, 
and lung cancers, and melanoma; and pembrolizumab (Keytruda®) for the treat-
ment of bladder, pediatric lymphoma, colorectal, esophageal, head and neck, and 
lung cancers, as well as lymphoma and melanoma (• Table 1).

Resistance to CAR-T cells and checkpoint inhibitors
Despite the impressive durable response rates observed in subsets of cancer pa-
tients, cancer immunotherapies remain ine#ective for the majority of patients, 
who are resistant to the treatment or relapse a'er a period of response. !e 
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causes underlying cancer immunotherapy resistance can be multiple. For ex-
ample, tumors can elude T cell recognition because they lack tumor antigens 
or they downregulate the antigen-presenting machinery. Alternatively, immu-
notherapy resistance can be driven by tumor-cell-extrinsic factors, such as the 
presence of immunosuppressive factors and immunosuppressive cells [9]. In 
this context, an important role is played by myeloid cells, which will be one 
the highlights of this Forum, with the speech of one of the main experts of the 
"eld, Prof. Alberto Mantovani. 
Most solid tumors are characterized by a prominent myeloid in"ltrate, con-
stituted mostly of myeloid-derived suppressor cells (MDSCs) and tumor-as-
sociated macrophages (TAMs) [10]. Tumor-associated myeloid cells have 
been correlated with poor prognosis and immunotherapy resistance [11, 12].
Tumor-associated myeloid cells are responsible for numerous tumor-promot-
ing and immunosuppressive functions [13]: they can directly sustain tumor 
growth [14], they can suppress e#ector T cell function or migration [15], they 
can activate regulatory T cells [16], they can produce reactive oxygen and ni-
trogen species [17], they can induce angiogenesis [18], and they can drive resist-
ance to therapy [19] (• Figure 1).

• Figure 1. Tumor-associated myeloid cells are responsible of numerous tumor-pro-
moting and immunosuppressive functions: they can directly sustain tumor growth (a), 
they can suppress effector T cell function or migration (b), they can activate regulato-
ry T cells (c), they can drive resistance to therapy (d)

T-regs
T cells

Therapy

Myeloid 
cells

a

d

c

b
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For these reasons, targeting tumor-associated myeloid cells is a promising 
immunotherapeutic approach to counteract tumor growth and encouraging 
results have been achieved in pre-clinical and clinical research [20, 21]. Sev-
eral strategies can be adopted to block tumor-promoting myeloid cells: a) 
depletion of existing cells; b) blockade of their generation; c) blockade of 
their recruitment to the tumor site; d) reprogramming of their immunosup-
pressive phenotype.
Importantly, targeting tumor-in"ltrating myeloid cells can also synergize and 
improve the e%cacy of other therapies. In Pten-null prostate tumors, block-
ing MDSC recruitment via a CXCR2 inhibitor improves the response to 
chemotherapy [14], while targeting MDSC-derived IL-23 restores sensitivity 
to androgen-deprivation therapy [19]. Moreover, depleting MDSCs in exper-
imental models increases antitumor immune response and improves the e%-
cacy of anti-PD-1 therapy [22]. Along the same line, TAM reprogramming by 
CSF1R blockade improves response to immune checkpoint inhibitors [23]. 
Finally, recent discoveries have identi"ed the CD47-SIRPα axis as a potent 
immune checkpoint speci"c for macrophages: CD47 is expressed by several 
tumors and functions as a “don’t eat me” signal by binding to SIRPα on mac-
rophages. Speci"c inhibitors are under investigation alone or in combination 
with other therapies to trigger immune response against cancer [24].
Altogether, these studies open the way to novel and complex types of immuno-
therapy, targeting both the adaptive and innate immune system.
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TOR (target of rapamycin) is a highly conserved serine/threonine kinase that 
controls cell growth and metabolism in response to nutrients, growth factors, 
and cellular energy. TOR was originally discovered in yeast but is conserved in 
all eukaryotes including plants, worms, &ies, and mammals. 
TOR is found in two structurally and functionally distinct multiprotein com-
plexes termed TORC1 and TORC2. !e two TOR complexes, like TOR it-
self, are highly conserved. !us, the two TOR complexes constitute an ances-
tral signaling network conserved throughout eukaryotic evolution to control 
the fundamental process of cell growth. As a central controller of cell growth, 
TOR plays a key role in development and aging, and is implicated in disorders 
such as cancer, cardiovascular disease, obesity, and diabetes. 
While the role of TOR in controlling growth of single cells is relatively well 
understood, the challenge now is to understand the role of TOR signaling in 
disease and in coordinating and integrating overall body growth and metabo-
lism in multicellular organisms. !is will require elucidating the role of TOR 
signaling in individual tissues. 
Data on the role of mammalian TORC1 (mTORC1) and mTORC2 in con-
trolling cellular processes and in speci"c tissues will be presented. 

mTOR signaling  
in growth and metabolism
Michael N. Hall

Biozentrum, University of Basel, Basel, Switzerland
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Innate immunity consists of a cellular and a humoral arm. Tumor-associated 
macrophages are a key component of tumor-promoting in&ammation. !e 
long pentraxin PTX3 as originally cloned (cDNA and genomics, mouse and 
human) as an IL-1 inducible gene. We have used the long pentraxin PTX3 as a 
paradigm for the humoral arm of innate immunity and its interplay with cells. 
Components of humoral innate immunity including PTX3 and complement 
are a key component of the tumor microenvironment. Moreover, the evidence 
on the role of complement in macrophage recruitment and functional skewing 
of macrophages will be discussed. 
In addition we recently discovered that IL-1R8, which we cloned as TIR8 and 
also identi"ed as SIGIRR, serves as a checkpoint restraining NK cell mediated 
resistance against carcinogenesis and metastasis. 
In the same vein, we originally identi"ed a tetraspan-like molecule (MS4A4A) 
in polarized M2 and M2-like macrophages. !e function of this molecule and 
its role in the interplay with NK cells in resistance to metastasis will be dis-
cussed. !us macrophages engage in a complex interaction with innate lym-
phoid cells which plays a key role in tumor immunity.

Innate immunity, inflammation  
and cancer: from bench to bedside 
Alberto Mantovani

Istituto Clinico Humanitas, Humanitas University, Milan, Italy;  
William Harvey Research Institute, London, United Kingdom
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Immunotherapy is the latest breakthrough in cancer therapy, thanks to the 
remarkable clinical results of checkpoint inhibitors [1] and chimeric antigen 
receptor (CAR) T cells [2]. !e US Food and Drug Administration (FDA) 
approval in 2017 of two CAR-T cell therapies for the treatment of B cell ma-
lignancies in pediatric and adult patients is a landmark for cancer immunother-
apies. In 2018, these therapies were also approved in the European Union, the 
United Kingdom, and Canada.
!e emergence of immune-oncology as the "rst broadly successful strategy for 
metastatic cancer will require clinicians to integrate this new pillar of medicine 
with the pillars of chemotherapy, radiation and targeted small molecule com-
pounds. CAR-T cells have proven that engineered immune cells can serve as a 
powerful new class of cancer therapeutics. Adoptive immunotherapy retarget-
ing T cells to CD19 via a chimeric antigen receptor is an investigational treat-
ment capable of inducing complete tumor regression of B-cell malignancies 
when there is sustained survival of infused cells. 
Clinical experience has helped to de"ne the major challenges that must be met 
to make engineered T cells a reliable, safe, and e#ective platform that can be 
deployed against a broad range of tumors. !e emergence of synthetic biology 
approaches for cellular engineering provides the "eld with a broadly expanded 
set of tools for programming immune cells [3]. In this presentation, I will dis-
cuss how these tools could be used to design the next generation of smart T cell 
precision therapeutics.

Building the next generation  
of CAR-T cells
Carl H. June 

Center for Cellular Immunotherapies, Perelman School of Medicine,  
University of Pennsylvania, Philadelphia, United States of America
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In solid tumors, we have observed antitumor activity in patients with ovarian 
cancer, pancreatic ductal adenocarcinoma, pleural mesothelioma and glioblas-
toma following infusion of CAR-T cells expressing scFv speci"c for mesothelin 
or EGFRvIII [4, 5]. However, this approach has not yet resulted in complete 
tumor eradication. Using genome edited T cells, it may be possible to enhance 
and prolong the activity of T cells that have disrupted immune and metabolic 
checkpoints [6]. In preclinical studies, we show that TCR-speci"c T cells have 
enhanced antitumor activity following disruption of TCR alpha and beta genes 
and the PD-1 gene using CRISPR/Cas9. !is approach is just entering a clin-
ical trial. !ese "ndings provide insights into the immunobiology of e#ector 
T cells and demonstrate the potential of multiplexed CRISPR/Cas9 genome 
editing to synthetically enhance the e%cacy of immunotherapy. 
Finally, advances in T cell engineering, genetic editing, the selection of op-
timal lymphocytes, and cell manufacturing have the potential to broaden T 
cell-based therapies and foster new applications beyond oncology, in infectious 
diseases, organ transplantation, and autoimmunity.
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Precision medicine based on detailed genomic analysis is of major therapeutic 
signi"cance in cancer care, with the recent emergence of several targeted thera-
pies across malignancies. In parallel, there has been remarkable success in treating 
certain malignancies by enhancing the immune response by preventing inhibi-
tion of the immune response by tumor cells. Immunotherapy is strikingly suc-
cessful in a small fraction of tumors but remarkably unsuccessful in many tumors.
!e paradigm of lung cancer has rapidly changed in the last ten years thanks to 
the introduction of molecularly tailored drugs, as well as cancer immunotherapy. 
!e development of low-cost high-throughput nucleic acid sequencing has had 
transformative e#ects on multiple aspects of biological science and medicine. 
In 2004 the discovery of the epidermal growth factor receptor (EGFR) mu-
tations in non-small cell lung cancer (NSCLC) and their predictive value for 
therapy with the EGFR tyrosine kinase inhibitors (TKIs) opened the way to an 
intense program of research on lung cancer, aiming at identifying other genom-
ic or protein alterations that could be used as target for treatment. !us, genetic 
rearrangements of anaplastic lymphoma kinase (ALK) gene in lung cancer and 
its oncogenic features were discovered in 2007. 
!e impressive clinical results obtained with the inhibition of ALK and EGFR 
kinases compared to classical chemotherapy further supported the hypothesis 
that targeting signaling pathways aberrantly active in cancer cells might lead to 
a better outcome of therapy for lung cancer patients. Studies on molecular alter-
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ations of lung tumors highlighted peculiar di#erences of biomarkers expression 
and role in the several subtypes of lung cancer. To date, a targetable and potential-
ly actionable alteration may be recognized in 50-60% of adenocarcinomas. 
!e etiologic association with exposure to tobacco carcinogens is of particular 
relevance for cancer immunotherapy. Blockade of the programmed cell death 
protein 1 (PD-1)-PD-1 ligand 1 (PD-L1) receptor-ligand pair, a dominant me-
diator of immune resistance in the tumor microenvironment (TME), currently 
represents the mainstay of current immunotherapy of NSCLC. Current ap-
proaches targeting immune checkpoints exhibit increased responses in tumors 
with a high number of somatic mutations such as smoking-induced NSCLC. 
In this landscape, the recent development since 2015 and approval of sever-
al monoclonal antibodies targeting programmed death 1 (PD-1) or its ligand 
programmed death ligand 1 (PD-L1) has revolutionized the treatment of and 
outlook for patients with newly diagnosed, locally advanced or metastatic NS-
CLC.  !e e%cacies of current immunotherapy drugs vary considerably from 
patient to patient, highlighting the importance of identifying personalized bio-
markers, and improving personalized immunotherapy strategies and decipher-
ing resistance mechanisms.  
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Over the years cancer immunotherapy has shown very promising results in the treatment  

of multiple cancers and represents today one of the most innovative strategies  
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