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The cancer-immunity cycle is characterized by various stimulatory and inhibitory factors, which together regulate the

immune response and halt the extreme response that may lead to autoimmune disease. Immunotherapy of cancer has

rejuvenated the field of tumor immunology and revolutionized treatment options.
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1. Introduction

The human immune system comprises various defense mechanisms against all potential threats including arising cancer

cells. Immune surveillance continuously recognizes and eliminates any transformed tumor cells through numerous

mechanisms . Cancer immunotherapy has been described as the fourth pillar of therapy against the tumor, which may

surpass the effectiveness of conventional therapies such as surgery, radiotherapy, and chemotherapy . Particularly, it

has been listed by Science in 2013 among the top ten annual significantly valuable scientific breakthroughs . Zhang et

al.  classified the mechanisms of cancer immune therapies into five major groups (Figure 1)—the regulation of immune

checkpoints, oncolytic virus therapies, cancer vaccines, cytokine therapies, and adoptive cell transfer.

Figure 1. Cancer immunotherapy types include the use of immune-checkpoint inhibitors, cancer vaccines, cytokines,

viruses, and adoptive cell transfer. Created with BioRender.com, accessed on 23 April 2023.

2. Regulation of Immune Checkpoints

Cancer therapy by regulation of immune checkpoints is an approach that aims to activate the immune system against

cancer cells by targeting proteins that act as negative regulators of immune responses. Cancer cells can evade immune

surveillance by expressing multiple immune-checkpoint proteins, such as programmed cell death ligand 1 (PD-L1),

CD80/86, and Gal9, which inhibit T-cell activation and proliferation . Therapies that target these immune-checkpoint

proteins, such as immune-checkpoint inhibitors, have shown remarkable success in the treatment of various types of
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cancer . These drugs block the interaction between immune-checkpoint proteins and their ligands, thereby releasing

the inhibition of T-cell function.

PD-1 is an immunoglobulin (Ig) class protein that is expressed in T, B, myeloid, and NK cells. It has been demonstrated

that PD-1 has two primary interacting partners: PD-L1 and PD-L2. PD-L1 is expressed by the APCs, hematopoietic and

non-hematopoietic cells, whereas PD-L2 is expressed by activated macrophages and DCs. When PD-1 interacts with its

ligands on other T cells, T-cell activation is hindered. The efficacy of TCR signaling is correlated with PD-1 expression in T

cells. Its normal physiological function is to prevent the overactivation of T cells in the absence of the antigen. However,

chronic viral infection and malignancy can trigger a constitutive PD-1/PD-L1 cell surface expression, which in turn inhibits

the immune response and impairs T-cell function. This topic was reviewed by other authors  and the

promises and limitations of the PD-1/PD-L1 blockage were recently described and will not be discussed here in detail .

CTLA-4 is a protein receptor found on the surface of T cells (CD4+ and CD8+). It is essential for immune response

control, particularly in the context of T-cell activation and tolerance. CTLA-4 has a similar structure to CD28, another

protein receptor produced on T cells that plays an important role in T-cell activation. CTLA-4, on the other hand, offers an

inhibitory signal that reduces T-cell activation and proliferation, whilst CD28 gives a co-stimulatory signal that increases T-

cell activation. CTLA-4 competes with CD28 for binding to APCs co-stimulatory molecules CD80 (B7-1) and CD86 (B7-2).

When CD28 attaches to these molecules, it provides a stimulating signal, whereas CTLA-4 delivers a negative signal,

limiting T-cell activation and proliferation .

Despite both of these molecules contribute to the inhibition of anticancer immunity, the timing of down-regulation, the

underlying signaling mechanisms, and the anatomic locations of immunological suppression by these two immune

checkpoints are different. PD-1 is more widely expressed on activated T cells, B cells, and myeloid cells than CTLA-4,

which is only found on T cells. While CTLA-4 is active during the T-cell activation’s priming phase, PD-1 is active during

the T-cell activation’s effector phase, largely within peripheral tissues. These characteristics suggest that anti-CTLA-4 and

anti-PD-1 treatments may have cumulative and synergistic benefits in the treatment of the disease . PD-1

inhibitors, such as pembrolizumab and nivolumab, have been approved for the treatment of melanoma, non-small-cell

lung cancer, bladder cancer, and other types of cancer. CTLA-4 inhibitors, such as ipilimumab, have been approved for

the treatment of melanoma, and combinations of PD-1 and CTLA-4 inhibitors are being investigated for the treatment of

several types of cancer. Other immune-checkpoint inhibitors, such as those targeting T-cell immunoglobulin and mucin-

domain containing-3 (TIM-3), are currently under investigation in clinical trials .

TIM-3 is another cell surface immune-checkpoint molecule expressed in immunological cells such as T cells, Tregs, DCs,

B cells, macrophages, NK cells, and mast cells. TIM-3 binds to four different ligands: galectin-9 (Gal-9), CEACAM-1

(carcinoembryonic antigen cell adhesion molecule 1), HMGB1 (high-mobility group protein B1), and PS

(phosphatidylserine). TIM-3 mediates T-cell exhaustion, which suppresses antitumor immunity. The selective blockage of

TIM-3 enhances anticancer immunity through increased IFN-γ production by T cells. TIM-3 inhibitors have been studied in

animal models and clinical trials . The blockade of a single checkpoint in many cases may not achieve the

desired therapeutic effect .

TIGIT (T-cell immunoreceptor with Ig and ITIM domains) is a protein that is expressed on various types of immune cells,

including T cells and NK cells. TIGIT is up-regulated on activated T cells, particularly on Tregs, follicular helper T cells

(Tfh), and memory T cells . TIGIT is a co-inhibitory receptor that interacts with its ligands, CD155 (poliovirus receptor)

and CD112 (nectin-2), which are expressed on APCs and some tumor cells. The binding of TIGIT to its ligands leads to

the inhibition of T-cell activation and proliferation, as well as the suppression of cytokine production. Therefore, TIGIT

plays an important role in the regulation of the immune response and maintenance of immune homeostasis. Targeting

TIGIT has emerged as a potential immunotherapy strategy for cancer and autoimmune diseases . On the other hand,

CD96 (also known as TACTILE) is a protein that is primarily expressed on activated T cells, including CD8+ T cells, Tregs,

NKT cells, and some subsets of memory T cells. CD96 is also expressed in some tumor cells . CD96 interacts with its

ligand, CD155, which is widely expressed in various cell types, including T cells, DCs, tumor cells, and many other cell

types. CD96 has been shown to play a role in T-cell activation and effector functions, as well as in the regulation of

immune tolerance and autoimmunity. CD226 (also known as DNAM-1) and CD112 (nectin-2) are also cell surface

receptors that are expressed on various immune cells, including T cells, NK cells, and DCs, as well as on many tumor

cells. CD226 interacts with its ligands, CD155 and CD112, and plays a role in the activation and cytotoxicity of NK cells

and CD8+ T cells . TIGIT and CD96 are more likely to bind and suppress T-cell activation than CD226, which has a

lower affinity for CD155. TIGIT binding to CD155 on the tumor cells leads to the up-regulation of IL-10 and down-

regulation of IL-12 .
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Vascular endothelial growth factor receptor-1 (VEGFR-1) is a crucial receptor that plays a major role in tumor progression

as well as in the resistance to treatment methods based on immune-checkpoint inhibitors . Activation of VEGFR is

involved in myeloid progenitors mobilization from the bone marrow which later infiltrates the tumor. Lacal et al.  recently

developed an anti-VEGFR monoclonal antibody (anti-VEGFR-1 mAb) able to inhibit the growth and proliferation of

melanoma in preclinical in vivo models. In addition, the reduction in macrophage progenitor mobilization and tumor cell

infiltration by myeloid cells was observed. The same authors indicated significant up-regulation in the expression of

VEGFR-1 in human-activated macrophages 2 (M2) compared to activated macrophage 1 (M1) cells. The exposure to the

designed monoclonal antibody (D16F7 mAb) decreases the chemotaxis of macrophages in vitro. The results of in vivo

treatment in melanoma-bearing mice resulted in significant inhibition of tumor growth due to the alterations in the tumor

microenvironment, which lead to a decrease in melanoma infiltration by M2 as well as PD-1+ and FoxP3+ cells. These

modifications resulted in an increase in M1/M2 and CD8+/FoxP3+ cell ratios in favor of antitumor immune response .

Studies by Chauvin et al.  revealed the overexpression of PD-1 and TIGIT on most tumor-infiltrating CD8+ T cells and

tumor antigen-specific circulating CD8+ T cells. Combined blockade of both checkpoints (TIGIT and PD-1) has shown

significant enhancement in the antitumor function of cytotoxic CD8+ T cells compared to blocking PD-1 alone , this dual

blockade seems to depend on CD226 signal transduction . The combination of specific checkpoint blockade can be

used to improve immune response and constitutes a promising direction for cancer immunotherapy.

Immune-checkpoint inhibition can be used to treat various malignancies including melanoma, lung cancer, bladder cancer,

kidney cancer, and Hodgkin’s lymphoma. Unlike standard cancer therapies such as chemotherapy, immune-checkpoint

inhibition can result in long-term remission and even tumor eradication in some individuals. Because they exclusively

target the immune system rather than all rapidly dividing cells in the body, immune-checkpoint inhibitors have fewer side

effects than standard chemotherapy. Despite increased safety profile, they can still induce substantial consequences such

as lung, liver, and other organ inflammation. Additionally, the inhibition success rate depends on the type of cancer and

other factors such as the patient’s immune system status. Additionally, certain cancer cells may acquire resistance to

immune-checkpoint inhibitors, resulting in therapy failure. Because immune-checkpoint inhibitors are a relatively new type

of cancer treatment, long-term data on their efficacy and potential side effects is also lacking. This topic was previously

described by other authors .

3. Viro-Immunotherapy

Viruses have been widely investigated for being the ideal therapeutic option for various types of cancers in combination

with immune-checkpoint inhibitors and many other types of immunotherapeutic approaches . Oncolytic virotherapy

focuses on the development of highly specific genetically engineered viruses for targeting only cancer cells. Following the

recognition of cancer cells expressing the particular molecules, these viruses infect and kill cancer cells through their lysis.

Owing to their ability to accommodate gene insertions, oncolytic viruses have been armed with transgenes to produce

immune-stimulatory signals to improve antitumor immune response . Numerous clinical and preclinical studies on

the use of different oncolytic viruses in cancer immunotherapy have been conducted and reported promising antitumor

potential. Table 1 presents the most commonly used oncolytic viruses for viro-immunotherapy.

Table 1. Important and commonly used oncolytic viruses in cancer immunotherapy.

Virus (Family) Nucleic Acid
Type (Group) Study Remarks Ref

Reovirus (Reoviridae) dsRNA (G III)
Viruses exhibited a safe and tolerable toxicity profile in early clinical

trials, with minimal viral shedding, replication, localization, and cytotoxic
effects.

Influenza A Virus
(Orthomyxoviridae)

ssRNA-ve (G
V)

Engineered viruses exhibited tumor-ablative potential and do not
replicate in normal cell lines.

Herpes Simplex Virus1
(Herpesviridae) dsDNA (G I)

A virus exhibited high antitumor efficacy, has a high safety margin, is
well tolerated and its use is associated with a low frequency of adverse

effects in most of the treated patients.

Adenovirus
(Adenoviridae) dsDNA (G I) Clinical data revealed that the virus was tolerable and effective even

when combined with other therapeutic approaches.

Measles virus
(Paramyxoviridae)

ssRNA-ve (G
V)

The virus replicated selectively in the tumor and significantly
suppressed its development. It was completely safe and did not result in

any measles-like symptoms.

Vaccinia virus
(Poxviridae) dsDNA (G I) The virus replicated rapidly in tumor cells with significant antitumor

effects, but its cytotoxicity varied based on cell lines.
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Virus (Family) Nucleic Acid
Type (Group) Study Remarks Ref

Pseudorabies
(Herpesviridae) dsDNA (G I)

Selective replication of viruses has been observed in many kinds of
cancers, with tumor growth being significantly slowed by more than

50%.

Vesicular stomatitis viruses (VSV) have been reported to have several beneficial properties that favor their use for

immunotherapy, including inherent tumor specificity, rapid replication kinetics, and the capacity to elicit a wide variety of

immune responses . Melzer et al.  summarized the strategies of this novel platform for the enhancement of the

immune-stimulating potential. Modification of the virus’s endogenous genes to stimulate more interferon induction and

virus-mediated expression of immune-stimulatory cytokines are two strategies that have been widely used with VSVs-

based viro-immunotherapy or employed with other viruses to boost antitumor immune responses . Vaccination

approaches based on viruses have also been used to stimulate and even improve adaptive immune responses against

particular tumor antigens .

In comparison to chemotherapies, oncolytic viro-immunotherapy has many advantages  including (a) selective

targeting of cancer cells. Cancer cells can be specifically targeted and destroyed with viro-immunotherapy while healthy

cells are unharmed. This is because the viruses have been engineered to specifically target cancer cells, reducing the

likelihood of unintended effects. (b) Induction of immunogenic cell death: Immunogenic cell death triggered by oncolytic

viruses primes the immune system to target and destroy cancer cells. As a result, the immune system has an increased

likelihood of killing cancer cells even if they have metastasized. (c) Synergistic effect with other therapies: Combining viro-

immunotherapy with standard cancer therapies such as chemotherapy and radiation has been shown to improve patient

outcomes. Some clinical and preclinical research indicates that combination therapy is more effective than either

medication alone. (d) Minimal systemic toxicity: As the viruses used in viro-immunotherapy are engineered to specifically

target and destroy cancer cells, they are found to have low systemic toxicity. This lessens the likelihood of side effects that

are usually associated with conventional anticancer therapies. (e) Potential to overcome drug resistance: Drug resistance

is a serious problem impacting the usefulness of cancer therapies. Oncolytic viruses can specifically target and kill cancer

cells that have developed resistance to other therapies. (f) Ability to target cancer stem cells: Cancer stem cells are a

subpopulation of cancer cells that are believed to be responsible for tumor initiation, upkeep, and resurgence. Viro-

immunotherapy may be able to target these cells. Treatment outcomes may improve and last longer if cancer stem cells

are targeted . However, their use can be also associated with some limitations such as (1) Limited efficacy in

some types of cancer: The presence of a protective stromal barrier that blocks the virus from accessing the cancer cells

has restricted the effectiveness of viro-immunotherapy in certain kinds of cancer. This may reduce the efficacy of viro-

immunotherapy in some conditions. (2) Potential for immune-related adverse events: Viro-immunotherapy raises the risk

of immunological-related side effects because it stimulates the immune system. Symptoms including the flu, inflammation,

and autoimmune disorders are all potential side effects. (3) Pre-existing immunity to the virus: The therapeutic efficacy of

the oncolytic virus may be reduced in patients who already have developed an immune response to the virus. This may

occur as a result of previous contact with viruses or a tendency to mount an immune response against the virus as a

result of a person’s genetic makeup. (4) Limited availability of clinical trials: Since viro-immunotherapy is still in its

experimental stages, there are not many clinical trials available, that determine its safety and efficacy. Additionally, due to

the novelty of viro-immunotherapy patients’ accessibility to this treatment option may be limited. (5) Potential for viral

shedding: Viruses used in viro-immunotherapy can spread to other people especially patients with compromised immune

systems. (6) Cost: Because of its complexity and high expense, viro-immunotherapy may be out of reach for many

individuals. As indicated by the previous authors .

4. Cancer Vaccines

Cancer-preventive vaccines are intended to thwart the progression of cancer by either focusing on cancer-specific

antigens that are expressed on precancerous or early-stage cancer cells or on viruses that are known to cause cancer

. On the other hand, therapeutic cancer vaccines (Figure 2) are intended to cure tumors that have already developed

by enhancing the immune system’s capacity to recognize and destroy cancer cells. In recent decades, tremendous effort

has been devoted to the development of cancer vaccines. One strategy that showed promise as a potential therapeutic

option is the use of cancer-specific antigens (CSAs). CSAs are proteins or peptides that are exclusive to cancer cells and

are identified by the immune system as being of a foreign origin. Several CSAs have been investigated, and they are now

being incorporated into cancer vaccines to elicit an immune response against cancer cells .
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Figure 2. Cancer vaccine: (A) Following administration of cancer-specific antigens (CSAs) through vaccination (B)

antigens are transported to the lymph nodes, where (C) they are uptaken by dendritic cells (DCs) and activate the B and T

cells. (D) B cells produce tumor-targeted antibodies, while activated T cells and natural killer (NK) recruited to the tumor

microenvironment release perforins (PFNs) and granzyme A/B (GZMA/B) and interferon γ (IFN-γ) leading to cancer cell

death. Created with BioRender.com, accessed on 23 April 2023.

Exosomes are small vesicles that are connected to membranes and are produced by the majority of cells for intercellular

exchange and regulation. These exosomes deliver materials or messages to the cells they are targeting for a variety of

physiologically significant purposes. Exosomes that were derived from M1-polarized, proinflammatory macrophages were

the subject of the research that was conducted by Cheng et al. The researchers were interested in the possibility of using

M1 exosomes as an immunopotentiator for a cancer vaccine. After being injected subcutaneously, the M1 exosomes

showed a tropism toward lymph nodes. They were predominantly uptaken by the local macrophages and DCs and

triggered the secretion of a pool of Th1 cytokines. M1, but not M2, exosomes increased the activity of a lipid calcium

phosphate (LCP) nanoparticle-encapsulated tyrosinase-related protein 2 (TRP2) vaccine and elicited a stronger antigen-

specific cytotoxic T-cell response. In a melanoma growth inhibition study, M1 exosomes showed to be a more potent

immunopotentiator than an adjuvant, such as CpG oligonucleotides (ODNs) when combined with LCP nanoparticle

vaccine in a melanoma. The study demonstrated the potential of M1-polarized macrophage-derived exosomes as a

vaccine adjuvant .

Despite the large number of vaccine strategies that are being developed regularly, the construction of safe and successful

therapeutic cancer vaccines remains a challenge . Advantages of their use include the prevention of cancer—

vaccines against cancer-causing viruses including human papillomavirus (HPV) and hepatitis B virus (HBV) can be used

to protect against the onset of cancer. Cancers such as cervical and liver cancer have been proven to decrease in

frequency after vaccination against these viruses. Fewer side effects are another advantage due to cancer vaccines target

only cancer cells, leaving healthy cells unharmed, making them safer than standard cancer therapies such as

chemotherapy and radiation. On the other hand, the disadvantages include limited efficacy: not all individuals who receive

a vaccine will experience a positive response. Cancer vaccines’ success rates may differ among patients with different

cancer stages. High cost: cancer vaccines can be pricey, especially if they are customized for each patient, and may not

be affordable for everyone. Additionally, development challenges: it can be difficult and time-consuming to develop a

vaccine against cancer since accomplishing it requires finding the right target antigens, refining the vaccine’s formulation,

and testing it in humans to make sure it is safe and effective.

5. Cytokine Therapies

Cytokines are chemical messengers secreted by immune and non-immune cells in reaction to cellular stresses such as

bacterial infections, inflammation, and tumorigenesis to control cellular interactions . The first use of cytokines in cancer

treatment occurred in 1976, following the discovery of interleukin-2 (IL-2), initially known as a T-cell growth factor, which

appeared to have the capacity to activate T cells and thus exert immune-stimulatory properties . In vitro incubation of

inactive lymphoid cells with recombinant IL-2 results in the production of lymphokine-activated killer (LAK) cells, which are

cells that are capable to lyse tumor cells. The administration of LAKs and large doses of IL-2 in patients with various types

of cancer have been reported to cause cancer regressions and significantly enhance antitumor response in preclinical

studies and clinical trials .

More than half a century ago, type I interferons (IFNs), were identified for the first time as the factors responsible for virus

inhibition. However, in the last ten years, researchers have only just started to understand the precise function that type I

IFNs play in the body’s natural immune response to cancer. IFNs have been implicated in two primary functions in tumor

control—induction of tumor cell senescence and stimulation of DC maturation to boost the T-cell cytotoxicity . Cauwels
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et al.  developed a novel strategy for cancer treatment using Activity-on-Target cytokines, which are modified immune-

cytokines that possess up to 1000-fold more potency for target cells. The authors reported that modified type I interferon

designed to target Clec9A+ DCs was able to limit the progression of tumors and showed strong antitumor activity in breast

carcinoma, murine melanoma, and lymphoma models, without toxic side effects. IFN activation of immune cells may

inhibit tumor angiogenesis, whereas ILs promote the activation and growth of helper and cytotoxic T lymphocytes (CD4+

and CD8+ T cells) . Granulocyte-macrophage colony-stimulating factor (GM-CSF) is another cytokine that, in

reaction to stress, infections, and malignancies, stimulates the formation of myeloid cell subgroups including neutrophils,

monocytes, macrophages, and DCs. GM-CSF has a global effect on the host immune surveillance system when

pathologic conditions are present. When compared to other soluble immune mediators, it has been discovered that either

an excess of or a deficiency in GM-CSF can encourage the aggressiveness of cancer. An insufficient amount of GM-CSF

inhibits the proper production of innate immune cells, which in turn prevents the resulting induction of adaptive anticancer

immune responses. On the other hand, too much GM-CSF can exhaust immune cells and encourage the growth of

cancer . GM-CSF has been also used to accelerate and augment granulocyte recovery after chemotherapy of

cancers . Cytokines such as INFγ or tumor necrosis factors (TNFs) are essential in the development of an

immunogenic microenvironment. Anthracyclines as well as other treatments such as photodynamic therapy (PDT) exert

their impacts on cancer cells in a way that stimulates the body’s immune system. This process, also known as

immunogenic cell death (ICD), is distinguished by the release of membrane-bound and soluble factors that boost the

function of immune cells  and can act as pro-inflammatory factors (TNFs, IL-1β, and IL-6) or can lead to increase in the

expression of MHC class I on the surface of antigen-presenting cells. This leads to improved immune response via the

differentiation promotion or the activation of both T cells and NK cells .

Immunogenic cell death inducers trigger the release of damage-associated molecular patterns (DAMPs) such as high

mobility group box protein 1 (HMGBP1), CRT, and ATP, as well as inflammatory cytokines from cancer cells. Both DAMPs

and cytokines send activating signals for DCs and NK cells, which respond instantly by releasing effector cytokines .

Dying tumor cells treated with ICD inducers trigger the release of various cytokines, which modulate an effective immune

response, such as IL-6 and IL-8, . NK cells functionality appears to be increased by cytokines released from activated

DCs, such as IL-12, as well as cytokines produced by other innate immune cells, such as IFN-α/β, leading to the secretion

of IFN-γ and TNFα (Figure 3) .

Figure 3. Cytokines that are involved in immunogenic cell death induction. Damage-associated molecular patterns

(DAMPs) are released from dying cells during immunogenic cell death (ICD) and facilitate tumor antigen presentation and

augment adaptive immunity. Cancer cells secrete calreticulin (CRT), which binds to the CD91 receptor on dendritic cells

(DCs), and high-mobility group protein 1 (HMGB1), which is a ligand for the Toll-like receptor (TLR-4) on DCs. In addition,

DSc’s P2X purinoceptor 7 (P2RX7) engages with ATP that cancer cells secrete. Created with BioRender.com, accessed

on 23 April 2023. Modified from Showalter et al. .

While cytokine treatments have the potential to improve cancer treatment, they also pose considerable risks 

. Below are the pros and negatives of their use:

Stimulation of the immune system: the immune system can be stimulated with cytokine treatments to better target and

destroy cancer cells.

[76]

[77][78]

[79][80]

[81][82]

[83]

[84]

[85]

[86]

[84]

[83]

[87][88][89][90]

[91][92]



Reduced toxicity: compared to conventional treatments such as chemotherapy and radiation, cytokine therapies are

safer and have fewer adverse effects.

Versatility: cytokine treatments are adaptable because they can be used to treat a wide variety of cancers.

May provide long-term benefits: some cytokine therapies have been demonstrated to produce lasting advantages in

cancer patients, increasing the likelihood of a long-lasting response to treatment.

Can be used in combination with other treatments: combining cytokine therapies with standard cancer treatments such

as chemotherapy, radiation therapy, and immunotherapy has been shown to improve patient outcomes.

May induce remission: some cytokine therapies, such as high-dose IL-2 and IFN-α, have been shown to induce

complete or partial remission in some cancer patients.

Long-term immune memory: long-term immunological memory can be induced by some cytokine therapies, such as IL-

2, meaning that the immune system will continue to detect and fight cancer cells even after treatment has ended.

Fewer treatment sessions: patients may find cytokine therapies more convenient because they often need fewer

treatment sessions than treatments such as chemotherapy.

Although cytokine treatments have shown promise in the treatment of cancer, further study is needed to determine their

full potential. It is important to overcome the potential limitations of this therapeutic approach:

Limited effectiveness: some patients may only have a partial response to cytokine treatments, and they may not work

for all forms of cancer.

Side effects: side effects from cytokine therapies include fever, exhaustion, and muscle aches, but they are typically

less severe than those from chemotherapy and radiation. Some cytokine therapies, such as high-dose IL-2, can cause

damage to organs such as the kidneys and liver, which can be life-threatening.

Expensive: some patients may not be able to afford cytokine therapy due to their high cost.

Can cause autoimmune reactions: there are risks associated with cytokine treatments, including autoimmune reactions

and tissue damage.

6. Adoptive Cell Transfer

Adoptive cell transfer (ACT) is a cancer treatment method that involves injecting immune cells, such as T cells, into a

patient’s body, where they seek out and destroy cancer cells. Before being administered to a patient, T cells are usually

modified or enhanced in the lab to strengthen their ability to recognize and target cancer cells. CAR T-cell therapy is a

very successful form of ACT that involves engineering T cells to express chimeric antigen receptors (CARs) that can

recognize and adhere to specific proteins on the surface of cancer cells (Figure 4) .

Figure 4. Schematic illustration of the CAR T-cell therapy. Created with BioRender.com, accessed on 23 April 2023.
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Rosenberg et al.  revealed that the administration of modified autologous LAK cells in addition to recombination-

derived IL-2 was effective in the treatment of patients with metastatic cancers. High response rates in patients with

follicular lymphoma and diffuse large B-cell lymphoma have been reported with modified T cell-based therapy, using CAR

able to target CD19 receptors on the surface of B-cell cancers . Schuster et al.  used autologous modified T cells

expressing a CD19-directed CAR to treat patients with follicular lymphoma or diffuse large B-cell lymphoma. The authors

revealed that the engineered cells were effective in the treatment. High rates of durable disease reduction were observed,

with significant recovery of B cells and immunoglobulins in some patients. Similarly, Wang et al.  conducted a trail on

seven patients suffering from advanced diffuse large B cell lymphomas and concluded that anti-CD20 CAR T cells caused

prolonged tumor regression. In a different study, Mohammed et al.  generated chimeric antigen receptor T cells directed

against a specific antigen located on prostate stem cells and revealed specific tumor lysis. The authors generated an

inverted receptor for the cytokine to protect the modified cells from the immunosuppressive cytokines, resulting in

significant enhancement in antitumor activity. 

Similarly to the previously discussed immunotherapeutic approaches CAR T-therapies possess significant advantages

over conventional chemotherapy and radiotherapy. In contrast to conventional chemotherapy, which is harmful to normal

cells as well as cancerous ones, CAR T-cell therapy is a targeted technique that can selectively destroy cancer cells while

sparing healthy ones. This lowers the toxicity and adverse effects of CAR T-cell treatment. CAR T cells may also persist in

the body for an extended time and continue to attack cancer cells, offering protection against the disease even after the

cells have been eliminated. The elimination of cancer cells using CAR T-cell therapy is curative in many patients.

However, similar to other novel immunotherapies, the CAR T-cell approach is an expensive treatment. This can be

attributed to the sophisticated manufacturing procedure for CAR T cells that can cause treatment delays for some

patients. Moreover, it is crucial to determine which patients could benefit the most form the treatment and those with

increased risk of detrimental side effects such as cytokine release syndrome (CRS) and immune effector cell-associated

neurotoxicity syndrome (ICANS) .

7. Other Immune Therapies

Lag-3 (Lymphocyte Activation Gene 3) is a protein receptor expressed on the surface of certain immune cells, including T

cells, B cells, and natural killer (NK) cells. Lag-3 plays a role in regulating immune responses and is considered an

immune-checkpoint protein . In the context of immunotherapy, Lag-3 has gained attention as a potential target for

cancer treatment. Immune-checkpoint inhibitors, such as antibodies targeting PD-1 (programmed cell death protein 1) and

CTLA-4 (cytotoxic T-lymphocyte-associated protein 4), have shown success in unleashing the immune system against

cancer cells. However, not all patients respond to these therapies, highlighting the need for additional targets . Several

clinical trials are underway to investigate the efficacy of Lag-3 inhibitors either as monotherapy or in combination with

other immunotherapies. Preliminary data from these trials suggest that Lag-3 inhibitors may provide clinical benefit in

certain types of cancers, such as melanoma, lung cancer, and renal cell carcinoma . It is important to note that the

field of Lag-3 and immunotherapy is still evolving, and more research is needed to fully understand its role and potential in

cancer treatment. Clinical trials will continue to provide valuable insights into the efficacy and safety of Lag-3-targeted

therapies, as well as their optimal use in different cancer types and patient populations.

Nanoparticles and biomaterials have been employed to enable programmed localization, improve pharmacokinetics, and

co-deliver immune-modulatory substances that were not previously possible with direct administration of these

compounds in solution . In a recent investigation, Ji et al.  designed a biopolymer immune implant for post-surgical

therapy of colorectal cancer and revealed that an immune implant was able to eradicate residual tumors post-surgery for

more than 150 days. The gradual release of the loaded resiquimod (Toll-like receptor 7/8 (TLR7/TLR8) agonist) was

achieved and the anti-CD134 (OX-40) antibody elicited immune memory and inhibited the growth of distal tumors when

used in the implant . In previous studies, the OX40 and OX40 ligand interaction was shown to promote the growth and

division of T cells while attenuating the immunosuppression of Treg cells. The OX40 plays a crucial part in immunity,

hence it is the subject of numerous clinical trials to assess its therapeutic effects in the treatment of cancer .

Immunological studies demonstrated that treating patients with a biopolymer immune implant has a two-phase effect:

initially, a rise in the infiltration of NK cells and DCs is observed in the first few days, followed by an increase in the

infiltration of T cells and the establishment of immune memory in the following weeks . Peptide-based materials

constitute another approach to cancer immunotherapies that have been used to solve several traditional treatment

challenges and have demonstrated specific and considerable efficacy as cancer immunotherapies . Peptide-based

cancer vaccines and delivery systems have been the subject of extensive research. These vaccines and systems aim to

replicate the functional domains of proteins with highly specialized immuno-regulatory capabilities . Shen et al. 

reported a mono-palmitoylated peptide able to induce an anticancer immune response without any addition of an
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adjuvant. The authors also developed a long peptide of a di-palmitic acid conjugated with TLR2 agonist and achieved

significant improvement in antitumor immunity by diminishing the function of tumor-associated macrophages (TAMs).

Using a different approach, Choi et al.  investigated different peptide antigens from cancer stem cells to compose DC

vaccination for hepatocellular carcinoma and human breast cancer. By pulsing dendritic cells with CD44 and epithelial cell

adhesion molecule-based peptides, the authors reported an effective stimulation and mature DC production in addition to

enhanced T-cell stimulation and significant increase in the number of CTLs .
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