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Immunotherapy is a novel anti-cancer method which employs a different mechanism to conventional treatment. It
has become a significant strategy because it provides a better or an alternative option for cancer patients. The
development of immunotherapy should focus on the discovery of biomarkers to screen suitable patients, new
targets on tumors, neoadjuvant immunotherapy and the combination of immunotherapy with conventional

therapeutic methods.
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| 1. Introduction

Immunotherapy is an anti-cancer method employing a mechanism that is significantly different from traditional
therapeutics. It has become an important strategy for the clinical treatment of cancers. Approval of
immunotherapeutic drugs has been increasing, with various treatments in clinical and preclinical development 11,
The principle of these drugs for immunotherapy includes the examination of one’s own immune system, the
engineering/reeducation of T cells to recognize cancer cells and further to attack them or the adding of inhibitors to
block T cell receptors/tumor cell ligands. Immunotherapy can be classified into active immunotherapy, passive
immunotherapy and combined immunotherapy. Active immunotherapy directly induces the autoimmune system so
that it can recognize specific antigens on cancer cells and attack tumors. Passive immunotherapy uses exogenous
substances to exert anti-tumor effects, including monoclonal antibodies, lymphocytes, cytokines, etc. Combined

immunotherapy is the combined use of active/passive immunotherapy and traditional therapeutics.

The immune checkpoint is a group of membrane proteins (receptors) expressing on effector cells (e.g., T cells, B
cells, NK cells), consisting of multiple co-inhibitory and co-stimulatory pathways. It participates in the elimination of
unwanted substances while ensuring self-tolerance, which plays an important role in immunomodulation. Tumor
cells containing specific ligands are often able to bind to specific receptors to activate inhibitory checkpoint
pathways and evade immune responses. The immune checkpoint executes a regulatory mechanism which in
healthy people makes the immune function of T cells maintain a normal and balanced state by regulating the action
of ligands and receptors. When T cells are activated, they will express more immune checkpoint receptors, such as
programmed cell death protein 1 (PD-1) or cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 28], When these
receptors bind to inhibitory ligands, the activity of T cells will be inhibited to avoid excessive immune responses that

may damage normal cells and healthy tissues.
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Cancer cells have many neoantigens due to many kinds of mutations. In theory, these neoantigens should be
recognized by the immune system and activate T cells to destroy cancer cells. However, cancer cells continue to
survive and proliferate, indicating that cancer cells can escape the surveillance of the immune system. Most cancer
cells producing neoantigens can really be eliminated by T cells and only some cancer cells are capable of avoiding
the host immune system. Recent studies have shown that cancer cells can use the mechanism of immune
checkpoints to attenuate the activity of T cells 2. For example, lung cancer cells can express more programmed
cell death protein ligand 1 (PD-L1) and binds to PD-1 receptors to inhibit the immune function of T cells. However,
the antitumor activity of T cells will be initiated if the inhibitors for PD-L1 or PD-1 bind to the PD-L1 ligand or PD-1
receptor, respectively (Figure 1). A similar inhibition reaction is also found in CTLA-4 receptors on T cells, and
other potential targets, such as B and T lymphocyte attenuator (BTLAs) 4, the variable domain immunoglobin
suppressor of T cell activation (VISTA), the T cell immunoglobulin and mucin-containing protein 3 (TIM3), the
lymphocyte-activated gene-3 (LAG-3, CD223) and CD47 [l Additionally, there are agonists of costimulatory
molecules to enhance the immune checkpoint signaling in the tumor microenvironment, such as 4-1BB (CD137),
OX40 (a member of the tumor necrosis factor receptor superfamily 4, CD134), glucocorticoid-induced tumor
necrosis factor receptor (GITR, a type | transmembrane protein), inducible T cell costimulator (ICOS), CD40 and
CD28 8. Based on these mechanisms, immune checkpoint inhibitors show promise to be developed as drugs for
immunotherapy, and there have been many immune checkpoint inhibitors approved by the United States Food and

Drug Administration (U.S. FDA) for the treatment of cancer (Table 1).
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Figure 1. The programmed cell death protein ligand 1 (PD-L1) of tumor cells binds with the programmed cell death
protein 1 (PD-1) receptor on T cells, and tumors escape from the attack of immune responses. However, T cells
can recognize tumor cells and initiate immunotherapy if the PD-1 receptor is blocked by the PD-1 inhibitor or the
PD-1 ligand is blocked with the PD-L1 inhibitor. Other potential targets: cytotoxic T lymphocyte-associated antigen
4 (CTLA-4); B and T lymphocyte attenuator (BTLA); variable domain immunoglobin suppressor of T cell activation
(VISTA); T cell immunoglobulin and mucin-containing protein 3 (TIM3); lymphocyte-activated gene-3 (LAG-3,
CD223); CD47.

Table 1. The monoclonal antibodies approved by the U.S. FDA to be used as immune checkpoint inhibitor for

immunotherapy related to lung cancer or colorectal cancer.

Immune
Checkpoint Mechanism Indication
Inhibitors
. Inhibition of .
Pembrolizumab Lung cancer, head and neck cancer, Hodgkin lymphoma,
(Keytruda®) Al stomach cancer, colorectal cancer.
y death protein (PD-1) ' '
melanoma, lung cancer, malignant pleural mesothelioma, renal
. cell carcinoma, Hodgkin lymphoma, head and neck cancer,
Nivolumab S . :
(Opdivo®) Inhibition of PD-1 urothelial carcinoma, colonrectal cancer, esophageal squamous
cell carcinoma, liver cancer, gastric cancer and esophageal or
gastroesophageal junction cancer.
. Ll el i Urothelial carcinoma, non-small cell lung cancer (NSCLC), triple-
Atezolizumab programmed cell .
. ® - negative breast cancer (TNBC), small cell lung cancer (SCLC)
(Tecentrig™) death protein ligand and hepatocellular carcinoma (HCC)
1 (PD-L1) P :
Durvalumab I .
e Inhibition of PD-L1 Certain types of bladder cancr, lung cancer.
(Imfinzi®)
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Figure 2. The costimulatory receptor CD40 on antigen-presenting cells (APCs) can improve the antitumor
response of T cells because it induces costimulatory ligand expression and cytokine secretion that drive antitumor

activity.
2.5. Myeloid-Based Immunotherapy

Several subtypes of myeloid cells derived from bone marrow (e.g., macrophages, dendritic cells, neutrophils,
monocytes and granulocytes, etc.) significantly regulate the growth and progression of tumors via the supplement
of tumor-promoting factors and molecules that suppress CD8" cytotoxic T cells (28, Macrophages and monocytes
are considered the most populous myeloid lineage cells in developing solid tumors (Figure 3) and play a crucial
role in regulating both protumor and antitumor immune responses. Targeting of these cells potentially attenuates
solid tumor progression by the induction and mobilization of cytotoxic T cells 28, The abnormal immune response
of pancreatic cancer is partly regulated by immunosuppressive bone marrow; suppressing the bone marrow can
suppress the tumor. The bone marrow is controlled by cytokines, chemokines and signaling molecules. The
receptors of cytokines, chemokines and signaling molecules can establish the immunosuppressive tumor

microenvironment and potentially be used as therapeutic targets [18I19],

A. Tumor progression B. Tumor regression
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Figure 3. The myeloid cells protect tumor cell viability by blocking the anti-tumor responses of cytotoxic T cells in
pancreatic cancer. (A) The myeloid cells block anti-tumor immune responses of cytotoxic T cells by activating the
programmed cell death-1 (PD-1)/PD-ligand 1 (PD-L1) checkpoint. (B) The myeloid cell depletion reverses immune

suppression and activates CD8+ T cells to block the growth of tumors. EGFR: epidermal growth factor receptor.

2.6. Stroma-Modulating Immunotherapy

The tumor microenvironment is the environment surrounding the tumor, including blood vessels, immune cells,
fibroblasts, signaling molecules and the extracellular matrix 22B% Tumors and the microenvironment are so
closely related that tumors can influence the microenvironment via the release of extracellular signals, the
promotion of tumorigenesis and the triggering of neighboring immune tolerance (Figure 4). The immune cells in the
microenvironment can affect the growth and evolution of cancer cells and tumorigenesis is regulated by the
microenvironment [2JB9  The proliferative matrix of pancreatic cancer is a key component of the
immunosuppressive tumor microenvironment and an obstacle to effective treatment. Although it is still controversial
whether targeting of the matrix is beneficial for patients, early-stage studies proving the therapeutic potential of

modulating substrates have already begun [13]124131]
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Figure 4. The behavior of cancer cells is affected by their environment. The stromal cells are able to release
chemotactic growth factors, and cell-induced mechanical strains are able to rearrange extracellular matrix (ECM)
fibers. These factors are correlated with tumor progression, invasion and metastasis. In addition, the tumor cell
interacts with fibroblasts to lead to the deposition of new ECM proteins, and physical forces from strains are related

with fiber alignment, resulting in persistent migration and invasion of cancer cells.
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