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The principle of immuno-oncology is to stimulate the patient’s 
natural immune defenses in order to increase the anti-tumor response. 
With this new therapeutic approach, we are witnessing a paradigm shift: 
the target is no longer cancer but the immune system, whose potential 
is released by immunotherapy [1].

The antitumor immune response
The actors of immunity

Cells have multiple mechanisms to prevent the onset of cancer. 
At the first signs of cell growth deregulation, the NER DNA repair 
pathway is involved, causing cell senescence and even apoptosis [2]. 
If this safety system fails, other extrinsic mechanisms intervene, 
including environmental signals inhibiting tumor growth, but also and 
especially the immune system by its recognition and ability to eliminate 
tumor cells to maintain homeostasis. This is the principle of immuno-
surveillance [3].

The immune system involves innate immunity cells, such as 
Natural Killer (NK) cells, dendritic cells and macrophages. These are 
the first lines of defense of the organization. As for the actors of adaptive 
immunity, they are involved in tumor control and are able to stimulate 
or inhibit the development of cancer. These include antigen presenting 
cells (APCs) that activate T cells (LT) [2,4].

The main effector cells for anti-tumor action are CD8 + T cells, also 
called cytotoxic lymphocytes. The recognition mechanism of target 
cells is mediated by a specific receptor on the surface of LTs, the cell 
receptor (TCR), which recognizes antigenic peptides presented by APCs 
through major histocompatibility complex molecules (MHCs). CD8 + 
LTs interact with class I MHCs. They have the ability to recognize “self ” 
and “non-self ” antigens. In case of recognition of an antigenic peptide, 
LT is activated and proceeds to tumor lysis [2].

Tumor antigens

Each tumor carries thousands of different somatic mutations 
encoding mutated proteins called neo-antigens that are not expressed 
by healthy cells. Some mutations are considered immunogenic and 
others are not, depending on their ability to generate neo-epitopes 
recognizable by LT TCRs.

Melanoma and some tobacco-induced cancers, such as Non-small 
cell lung cancer (NSCLC), have the distinction of having a strong 
immunogenic character (Figure 1) and therefore potentially accessible 
to a treatment that will stimulate immunity [5,6].

The cycle of anti-tumor immunity

The immune cycle in cancer occurs in seven key stages [7], shown 
in Figure 2, which are potential new therapeutic targets.

The first is the release of antigenic peptides by the tumor cells. 
These antigens are then captured and treated by the dendritic cells. 
This recognition of tumor antigens, identified as a threat, may be 
spontaneous for certain tumors carrying a high mutational load and 
therefore of tumor neoantigens, whereas it may not appear until after 
the completion of chemotherapy and / or radiotherapy in other cases. 
The dendritic cells then present the tumor antigens at LT, through MHC 
class I (interaction with CD8 +) and class II (interaction with CD4 +). 

Figure 1. Mutational heterogeneity of cancers, according to Lawrence et al [18] to tumor 
lysis [15].

Figure 2. The cycle of anti-tumor immunity, according to Chen et al [7]
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Then comes the initiation and activation phase of the immune cells, 
which concerns effector T cells (CD4 + and CD8 +), but also regulatory 
TLs whose role is fundamental. Activated LTs will migrate to the tumor 
and enter the tumor microenvironment. They recognize the tumor cells 
and attach to it via the TCR. This step is one of the main steps bypassed 
by tumor cells to escape the immune system via the PD-1/PD-L1 
binding. Sufficient lymphocyte proliferation results in tumor cytolysis.

Mechanisms of carcinogenesis

The oncogenesis processes have several essential mechanisms [8]: 
unlimited replicative potential, pro-tumor inflammation, invasion 
capacity and metastatic power, angiogenesis induction, genomic 
instability, resistance to apoptosis, abnormalities of energy metabolism, 
uncontrolled proliferation, resistance to proliferation inhibitors. The 
escape of tumor cells to the immune system is a more recent hypothesis 
(Figure 3).

Principle of immunoediting

Recent data suggest a much more complex role for the immune 
system - the immunoediting hypothesis [2-4] - where it can both protect 
and promote tumor growth. Recognition and targeting of tumor cells 
occurs in three phases that can proceed independently or sequentially 
(Figure 4) [9].

Phase 1, Elimination, also called Immunosurveillance. The 
immune system recognizes the tumor antigens expressed by the cells 
and eliminates them. At this stage, some cells can acquire mutations 
allowing them to resist lysis by the immune system.

Phase 2, Balance: some abnormal cells persist but their proliferation 
and dispersion are controlled by the adaptive immune system. The 
pressure of the adaptive immunity during this relatively long stage 
is supposed to allow to “carve” the tumor and thus to select the least 
immunogenic tumors (loss or masking of tumor antigens) and having 
accumulated the most favorable mutations for the escape to the 
immune system. The increase in PD-L1 expression by tumor cells is one 
example. PD-L1 binds to PD-1 on LTs and thus inhibits their activation. 
Phase 3, Exhaust, where when the most aggressive and the least 

immunogenic residual tumor cells, having acquired enough mutations, 
manages to multiply and spread. Successive mutations in the surviving 
abnormal cells give them the ability to metastasize and proliferate 
indefinitely. Over time, the inhibitory immune responses take over and 
the immune system goes from anti- to protumoral.

Mechanisms of tumor escape
Loss of antigen expression

Some tumor cells are able to repress or completely eliminate MHC 
molecules, reducing their presentation of tumor-specific antigens [10]. 
Tumors can also lose their antigens as a result of mutations, and thus 
remain undetectable by the immune system.

The tumor microenvironment

The tumor microenvironment is particularly complex and some 
factors influence anti-cancer immunity such as recruitment of 
immunosuppressive cells and immunosuppressive cytokines [2,4]. 
Tumors can recruit and direct regulatory LTs to protect them from 
immune attack because they can prevent the onset of an anti-tumor 
response by inhibiting LT. Another mechanism is the phenomenon of 
immune exclusion [11] in which many LT are present at the periphery 
of the tumor but fail to penetrate, resulting from an abundant stroma 
(Figure 5) [12].

Immune control points

The immune response is complex and involves a diverse repertoire 
of immunoregulatory interactions (26). The main ones are shown in 
Figure 6. It is a series of receptors and ligands carried by the immune 
cells whose interactions lead either to the stimulation or to the 
repression of the T lymphocyte activity in order to limit the collateral 
tissue lesions. during the immune response, that is to say the phenomena 
of autoimmunity, and thus to maintain immunological homeostasis. 
These communication systems that modulate lymphocyte activation 
are called immune control points or immunological checkpoints. They 
are also expressed by tumor cells, which, in order to escape immune 
surveillance, can divert them to their benefit, such as PD-1 (Program 
Death Receptor 1) and CTLA-4 (Cytotoxic T-Lymphocyte-Associated 
Antigen.4) [14].

CTLA-4 and PD-1 are the first two immunological control 
points to have been thoroughly evaluated in the context of cancer 
immunotherapy. These are two immune axes among many others that 
differ in the manner and level at which they negatively regulate the 
immune system [15].

CTLA-4 is an inhibitory molecule expressed by LTs during their 
activation in secondary lymphoid organs. It negatively regulates their Figure 3. Mechanisms of carcinogenesis, according to Hanahan et al [8]

Figure 4. Principle of immunoediting, after Strausberg et al [9] 
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activation and differentiation into LT effectors by competing with the 
CD28 costimulatory molecule to bind B7.1 (or CD80) and B7.2 (or 
CD86) ligands. CTLA-4 has a greater affinity for these ligands and 
counteracts the activating effect of CD28, resulting in lymphocyte 
inhibition [16,17].

PD-1 is strongly expressed on tumor infiltrating lymphocytes 
(TIL) in the effector phase and serves to inhibit LT activity when 
ligated by its ligands [15]. In peripheral tissues, tumor cells and other 
tumor microenvironment cells overexpress the PD-1, PD-L1 and PD-
L2 ligands, which are thought to protect tumor cells from immune 
destruction. This binding will inhibit LT, allowing immuno-subversion 
of cancer cells that escape the immune response [18].

PD-L1: immune control point ligand
PD-L1 is an emerging predictive biomarker in oncology [19]. It is 

expressed on the surface of tumor cells in many types of tumors and 
may indicate tumor inhibition of the immune response. His research is 
done by immunohistochemistry; we speak of positive labeling when 1 
to 100% of the tumor cells of a sample are concerned [19]. The search 
for the level of expression of PD-L1 in advanced NSCLC is currently 
systematic, from the first tumor biopsy, to guide the therapeutic 
decision.

Figure 5. Tumor microenvironment, according to Hack et al [12] 

Figure 6. Examples of immune checkpoints, according to Cogdill et al [13]

Understanding the mechanism of action of inhibitory 
checkpoints, anti-CTLA4, anti-PD-L1 and anti-PD-L1 paves the 
way for the development of new active molecules on a larger number 
of epithelial tumors.
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