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Immunotherapy emerged as a promising strategy cancer treatment, revolutionizing the 

field by harnessing the body's own immune system to target and destroy cancer cells. 

Unlike traditional treatments like chemotherapy and radiation therapy, which directly 

target cancer cells, immunotherapy works by enhancing the immune response to 

recognize and eliminating cancer cells more effectively! Several types of 

immunotherapies have been developed, including immune checkpoint inhibitors, CAR-

T cell therapy, tumor-infiltrating lymphocytes (TILs), cytokine therapy, TCR-T, ICIs. 

These therapies have demonstrated remarkable success in some types of cancer, leading 

to durable responses and improved survival rates for patients! However, challenges 

remain, including understanding why some patients respond better than others, 

managing immune-related adverse events, and overcoming resistance to 

immunotherapy. Ongoing research efforts aim to address these challenges and further 

optimizing immunotherapy approaches. In conclusion, immunotherapy represents a 

paradigm shift in cancer treatment offering new hope to patients, paving the way for 

continued advancements in the field! With further research and development, 

immunotherapy holds the potential to transform cancer care and improve outcomes for 

patients worldwide. 
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INTRODUCTION 

Cancer is a genomic disease with a lot of somatic 

point mutations that accumulate, leading to 

structural changes its development, resulting in 

genomic instability [1, 2]. Cancer tissues, which 

are mainly composed of a substantial quantity of 

both neoplastic and nonneoplastic cells, modify 

the extracellular matrix and thus generate a unique 

tumour microenvironment (TME) [3, 4]. The TME 

is defined as an intricate and dense multicellular 

environment for tumorigenesis that consists of a 

substantial number of different cells and cellular 

components, including multiple types of immune 

cells, endothelial cells, tumour-associated 
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macrophages (TAMs), and a variety of other 

tissue-resident cell types [3, 5–7]!!! These cells act 

synergistically in tumour progression, invasion, 

metastasis, and response to immunotherapies [8]. 

Consequently, cancer treatment has transitioned 

from a model centred solely on the cancer itself to 

one focused on the tumour microenvironment, and 

cancer immunotherapy has consequently come 

onto the stage to revolutionise cancer treatment. 

However, its efficacy is still limited in most 

clinical settings [9, 10]. In recent years, cancer 

immunotherapy has been pursued through a 

myriad of approaches, including molecular 

targeted therapy, immune checkpoint inhibitors 

(such as PD-1/L1 and CTLA-4 inhibitors), 

adoptive cell immunotherapy (such as TIL, NK, 

CAR-T, CIK/DC-CIK), cytokine therapy, and 

tumour vaccines [11– 13]!!.Macrophages, as 

heterogeneous and multifunctional immune cells, 

play crucial roles in various biological processes, 

such as maintaining tissue homoeostasis, 

regulating cancer progression. And defending 

against pathogens. Their phenotype and 

functionality are intricately governed by the 

ambient microenvironment, and macrophages can 

demonstrate dual antitumour and tumour-

promoting effects within the context of cancer [14, 

15]. Polarised macrophages can be classified into 

two distinct subtypes, M1 macrophages and M2 

macrophages, both of which are closely associated 

with tumour immunity [16]. Classically activated 

M1 macrophages are primarily involved in 

proinflammatory responses. Their activation is 

driven by factors such as lipopolysaccharide 

(LPS), interferon-γ (IFN-γ), granulocyte 

macrophage colony-stimulating factor (GM-CSF), 

or other pathogen-associated molecular patterns 

[17–19]!! Upon activation, proinflammatory 

factors, including IL-6, IL-12 and tumour necrosis 

factor (TNF), are produced!!! They possess the 

ability to identify and engulf tumour cells, thereby 

impeding tumour growth and 

metastasis!!!Furthermore, they can present tumour 

antigens to T cells, thus triggering specific 

immune responses and exerting antitumour effects 

[20–23]. Cancer cells are mainly suppressed by the 

complicated networks in the immune system, but 

tumors develop several mechanisms to evade anti-

cancer immunity [24]!!! Hence, cancer 

immunotherapy has been introduced as a new 

mainstay to utilize the patient’s own immune 

system in cancer cell eradication. The cancer 

immunotherapy concept can be categorized into 

immune checkpoints- targeted therapy and the 

adoptive transfer of manipulated immune cells. 

Both of these strategies contribute to improving 

the immune system’s function in the identification 

and eradication of cancer cells [25]. 

Immunotherapy utilizing the body’s immune 

system to battle different tumors has achieved 

great success in recent years [26]. However, low 

response rates and immune-related drug side 

effects hamper the clinical application of this 

promising therapy [27]!! In addition to the well-

known immune check-point blockade (ICB) 

therapies, such as PD1/PD-L1 axis block mediated 

by monoclonal programmed cell death protein 1 

(PD1) or programmed death ligand 1 (PD-L1) 

antibodies to activate exhausted T cells [28], 

modulating the intratumorally Balance of 

cytotoxic T lymphocytes (CTLs) and regulatory T 

cells (Tregs) is another effective strategy to 

enhance cancer immunotherapy since the tumour 

cell killing function of in-filtrating CTLs is usually 

inhibited by up- regulated Tregs, leading to 

immune home-stasis and tumour progression 

[29]!!!. Thus, efficient cancer immunotherapy can 

be realized by regulating these T cell receptors me-

dilated positive or negative signals via delivering 

agonistic or blocking immunotherapeutic agents to 

the tumour [30]!!! future development of cancer 

immunotherapy. 
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Figure no.1- T-cell Immunotherapy approaches which include, 1. cytokinesis T-Cell specific activation, 2. 

Checkpoint inhibition causing immune checkpoint inhibition, 3. Cancer vaccines targeting on tumour 

specific antigen peptide ,4adapotive transfer of modified, 5. Chemokine’s cause T -cell recruitment ,6. Bi -

specific T- cell engagers 

CANCER IMMUNOTHERAPY 

1. CAR-T 

The chimeric antigen receptor (CAR) is a 

genetically modified and synthesized chimeric 

antigen receptor. It is a membrane protein 

composed of different protein domains in series. It 

is flexible and offers specific antigen recognition. 

Patient-derived T cells modified by CAR in vitro 

can recognize tumour antigens and exert antitumor 

effects without MHC restrictions in vivo (31). 

CAR-T therapy is a revolutionary approach to 

cancer therapy. CAR-T therapy has made 

breakthroughs in lymphomas, mainly targeting 

CD19. In 2017, the FDA approved two CAR-T 

products targeting CD19 (Kymriah and Yescarta, 

(32,33). The first generation of CAR contains 

CD3x, and the second generation adds a 

costimulatory domain CD28, or 4-1BB based on 

CD3x. Through March 2022, the FDA has 

approved five CAR-T products, all of which are 

second-generation CARs with indications focused 

on lymphoma (34,35). The third generation CAR 

uses a lentivirus as a transfection vector, and the 

intracellular segment of the CAR can have two or 

more costimulatory signals. However, some 

studies have shown that the killing activity of the 

third-generation CAR-T cells is not significantly 

improved. This may be because the activation 

signal generated by one co-stimulatory molecule 

of ITAM already reaches the threshold of T 

lymphocyte activation signal. Simply increasing 

the number of ITAM will not further enhance the 

activation effect of CAR-T. New ideas for CAR 

design are now emerging to improve efficacy. 

Dual-target CAR-T cells can independently 

identify target antigens and address the off-target 

effect. CD19/CD22 CAR-T and CD123/CLL1 

CAR-T have shown significant antitumor activity 

and are currently in clinical studies, some of which 

have entered phase II/III (36,37). According to 

EXUMA Biotech, targeting CD3 T cells by 

subcutaneous injection of a self-inactivating 

lentiviral vector encoding a CAR targeting CD19 

resulted in the successful generation of 

corresponding CAR-T cells in vivo and showed 

significant effects in mice (AACR 2022 Abstract. 

This provides a new opportunity to overcome the 

challenges of production time, scale, and cost of 
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adoptive cell therapies. For solid tumors, Hegde et 

al. constructed Tan CAR-T that could enhance T 

cell function and reduce antigen escape by 

facilitating crosstalk between HER2-ScFv and IL-

13Ra2, thus increasing CD28 expression. The data 

of Tan CAR-T showed good efficacy in a mouse 

glioblastoma model (38). In 2022, Groskopf et al. 

published a delivery method for hydrogel that can 

improve the efficacy of treatment of solid tumors 

by injection into areas near the tumour (39). 

BioNTech announced the results of the first human 

clinical trial (NCT04503278) of BNT211—a new 

generation of CAR-T therapy targeting solid 

tumors. The combination of CAR-T targeting 

CLDN6 and mRNA vaccine CARVac for CLDN6 

can effectively enhance the efficacy and provide 

new ideas for the treatment of solid tumors (AACR 

2022, Abstract #CT002). In addition, combination 

therapy with immune checkpoint inhibitors may 

also enhance the efficacy of CAR-T for solid 

tumors (40). However, there are several limitations 

to the application of this technology. Firstly, the 

expression of CAR mediated by retroviral or 

lentiviral vectors may have an impact on the gene 

expression of T cells, which may produce 

unpredictable results. So, a comprehensive safety 

assessment of CAR-T cells is required before 

application. Secondly, the proliferation of CAR-T 

cells can only be achieved after induction and 

activation. Therefore, whether the large-scale 

expansion of T cells in vitro can maintain immune 

activity is an important factor. Thirdly, necessary 

technical processes are required for different 

patients, which may take high costs and long 

periods. In addition, immunosuppressive TME and 

efficiency of delivery to the tumor site are also 

major barriers to a successful CAR-T therapy. In 

the future, innovations in CAR design, 

transduction methodologies, and allogeneic CAR-

T are bound to lead to improved responses and 

transform the treatment of patients with cancer. 

2. TCR-T 

Various new methods have been developed to 

enhancing the antitumor efficacy of the immune 

system, including targeting new antigens, using 

new engineering or modifying TCR, and create 

safety switches for internal suicide genes. By 

transferred the exogenous TCR gene that 

specifically recognizing TAAs into T cells, TCR-

T can be constructed to improve the affinity to 

TAAs and exert an MHC-dependent antitumor 

effect (41). Compared with CAR-T therapy, TCR-

T therapy has a better safety profile due to its MHC 

restriction, which can alleviate adverse reactions 

such as cytokine storms. The TCR-T category 

currently in clinical trials is mainly targeting NY-

ESO-1. NY-ESO-1 TCR produced by Adapt 

immune Therapeutics is currently in phase I/II 

clinical trials. MART TCR-T, gp100 TCR-T, and 

TCR-T targeting MAGEA3 or MAGE-A4 have 

achieved positive results in clinical trials. 

However, safe use in the clinic should consider the 

type of antigen and TCR affinity (42,43). In a 

clinical trial of nine patients treated with TCR-T, 

56% (5/9) of patients experienced an OR, one of 

which was a CR. However, three of nine (44%) 

patients experienced severe neurologic toxicities, 

including two deaths. The cause of death, in part, 

may be a cross-reaction of TCR-T with a similar 

epitope of MAGE-A12 in brain. While targeting 

NY-ESO-1, MAGEA3, and other TAAs is an 

attractive strategy for the application of ACT for 

the treatment of solid cancers, caution must be 

taken to ensure a lack of cross reactivity with vital 

normal tissues. In addition, modification of the 

CDR region of TCR must be performed with 

caution. Because the modified receptors, similar to 

those produced after immunization in HLA-

transgenic mice, are not negatively selected in the 

thymus and may be potential reactive to unrelated 

normal host proteins. There is a need to develop 

better screening methods to avoid such toxicity in 

the future. As more antigen-specific TCRs are 

identified, more data will become available to 
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better understand how to use TCR-T to treat 

patients. Immunosuppressive TME also limits the 

efficacy of TCR-T theory. Combination therapy 

targeting TME may be a potential strategy to 

improve the efficacy of TCRT immunotherapy. 

Figure no 2- adoptive T-Cell therapy and Immune checkpoint blockage 

3. ICIs 

ICIs exert effects by braking inhibitory signals that 

impede T cell activation, thereby reinvigorating 

antitumour T cell responses. CTLA-4, the first 

discovered immune checkpoint, was identified as 

a negative influencer of antigen-presenting cells 

(APCs)-induced T cell responses. Since 

ipilimumab was approved for the treatment of 

unresectable or metastatic melanoma, ICIs have 

provided efficient and durable responses in various 

cancers including renal cell carcinoma (RCC), 

NSCLC, colorectal cancer, and cutaneous 

squamous cell carcinoma. While several immune 

checkpoints including LAG-3, TIM-3, and TIGIT 

are still in preclinical stages, targeting these 

checkpoints alone or in combination have shown 

remarkable efficacy in tumour eradication. These 

checkpoints have different action of mechanisms 

to brake T cell activation and heterogenous 

expression in T cell subtypes, which have been 

systematically summarised in excellent reviews 

[44 45]. Combining therapies targeting 

checkpoints could further increase clinical 

responses. Blocking TIM-3 combined with PD-1 

blockade overcomes the resistance to PD-1 

blockade in head and neck cancer [46], and 

nivolumab plus ipilimumab reached enhanced 

anti-tumour responses in B16 melanoma, RCC, 

NSCLC, mesothelioma, gastro-oesophageal 

cancer, and hepatocellular carcinoma (HCC) [47-

51]. Moreover, ICIs have synergistic effects with 

surgery, radiotherapy, chemotherapy, targeted 

therapies [52 55], and ACTs including CAR-T cell 

therapy and TILs therapy [56 59]. ICIs display 

elevated efficacy in immunologically “hot” 

tumours with large amounts of pre-existing CD8+ 

TILs [60]. The effectiveness of ICIs is also 

associated with the functional status of T cells, 

with precursor exhausted T cells in the TME often 

considered as a key factor contributing to ICI 

efficacy [61]. Meanwhile, different T cell status 

(activation, memory, exhaustion and anergy) 

presents various metabolism patterns, and 

investigations concerning how T cell metabolism 

can regulate the efficacy of ICIs in solid tumours 

are of mounting interest for researchers [62]. 

4. Cytokine therapy 
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Cytokines are versatile messengers within the 

complex immune network and are pivotal in 

modulating immune responses [63]. Of these, IL-

2 is a critical cytokine, originally regarded as a T-

cell growth factor [64]. IL-2 possesses a 

remarkable capacity for T-cell expansion in vitro 

and in vivo, manifesting potent 

immunostimulatory properties [65]. Furthermore, 

the clinical administration of high IL-2 doses has 

demonstrated compelling evidence of cancer 

regression in patients with metastatic malignancies 

[66,67]. Another prominent therapeutic cytokine 

in cancer treatment is interferon-alpha (IFN-α) 

[68]. This multifaceted type I IFN has a dual role 

in tumour control. The first role consists of the 

direct elimination of tumor cells via the induction 

of senescence and apoptosis, whereas the second 

one includes enhancing the effectiveness of anti-

tumor immune responses by stimulating DC 

maturation and augmenting T-cell cytotoxicity 

[69]. Clinical investigations have also underscored 

the therapeutic efficacy of high-dose IFN-α in 

conditions such as chronic myeloid leukaemia and 

melanoma [70,71]. Moreover, chemokine 

networks are often dysregulated in cancer, with 

chemokines being significantly involved in the 

neovascularization processes. Malignant cells also 

regularly exploit the chemotactic activity of 

chemokines [72] C-X-C chemokine receptor type 

4 (CXCR4), a chemokine receptor overexpressed 

in >75% of cancers, is crucial for tumor cell 

proliferation, dissemination, and angiogenesis 

[73]. CXCR4 antagonists have demonstrated 

efficacy in restricting tumor growth in various 

experimental murine models. Plerixafor is one of 

the most common CXCR4 antagonists used in 

clinical applications. It has received approval for 

mobilizing hematopoietic stem cells, particularly 

in patients with non-Hodgkin lymphoma or 

multiple myeloma [74]. 

CONCLUSION AND RESULT- 

Cancer occurrence and development is really a 

complex process. Various immune-evasion 

mechanisms can counteract the body’s immune 

response, which becomes more complex as cancer 

progresses. Cancer immunotherapy can kill and 

eliminate tumor cells through the immune system, 

thus becoming another revolutionary treatment 

after surgical resection, radiotherapy, 

chemotherapy, and targeted therapy. Various 

cancer immunotherapies have shown promising 

clinical efficacy. However, cancer immunotherapy 

still faces many problems and challenges. MAbs 

therapy is a very promising treatment for 

immunotherapy, which has been repeatedly 

demonstrated in clinical use. However, due to the 

immunogenicity, mAbs can cause irAEs, which 

requires strict monitoring in clinical use. The 

production process of mAbs is time-consuming 

and costly, and new purification strategies are 

needed for higher purity of mAbs. These problems 

are determined by the nature of the antibody itself, 

and we believe these problems will partly be 

solved with new design strategies and further 

optimization. The overall immune response rate of 

patients treated with ICB is not high, and there is a 

need to find reliable and effective biomarkers for 

precise and personalized immunotherapy. In 

combination with chemotherapy, mAbs have 

generated success against advanced-stage cancers, 

which previously had poor outcomes.  In addition, 

combinations with different mAbs also showed a 

strong anti-tumor effect. Combination therapy 

may provide new new opportunities for mAbs to 

reduce the side effects and improve the therapeutic 

effect in the future. Conjugation of cytotoxic 

agents to mAb allows for specific delivery of 

payloads to tumors, while multipiece antibodies 

grant novel mechanisms that increase specificity 

and facilitate delivery to historically intractable 

compartments. Besides, Fc- engineering mAbs can 

endow mAbs with stronger antitumor and immune 

activation ability through the incorporation of 
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amino acid and glycan changes. With an increased 

understanding of immunobiology and the 

continued development of molecular biological 

methods, the possibilities for mAbs therapy are 

bounded only by the scope of human ingenuity. 

Small molecule inhibitors for cancer 

immunotherapy always occupy an important 

position, although the sales of mAbs are far ahead. 

Small molecule inhibitors have mature R&D 

pipelines and the production process of small 

molecule inhibitors is more controllable than 

mAbs, which can help reduce costs The 

controllable pharmacokinetic properties can help 

reduce the impact of side effects, and the good 

tissue permeability makes small molecule 

inhibitors useful for solid tumor immunotherapy. 

Small molecule inhibitors will always be an 

effective replacement and supplement for mAbs. 

Currently, a new form of small molecule inhibitor, 

proteolysis targeting chimeras (PROTAC) is 

tested in (pre-)clinical, such as IDO1 PROTACs. 

But many issues need to be addressed especially 

on whether it is a safe approach or whether there is 

a saturation in the degradation of proteins that may 

limit their effectiveness [75,76]. ACT can be a 

potent new addition to the toolbox for cancer 

immunotherapy. However, many TCR-T/CAR-T 

clinical trials have been hampered by off-target 

effects and safety concerns [77,78]. While timely 

intervention is effective in most adverse events, 

side-effect management of ACT must be held in 

the whole process of ACT treatment. If tumor 

antigens are blocked by the self-secretion of tumor 

cells, they cannot be recognized by the immune 

system. Rationally designed strategies to identify 

candidate neoantigens and evaluate their 

immunogenicity are valuable for boosting the 

safety and efficacy of ACT. At present, the 

successful ACT therapy is mainly used in the 

treatment of haematological tumors. In solid 

tumors, getting CAR-T cells to infiltrate the tumor 

is a challenge, which can be compounded by the 

immunosuppressive TME. ACT combined with 

small molecule immunomodulator targeting 

immunosuppressive TIME may be effective for 

solid tumors. The major challenge in oncolytic 

virus therapy is the targeted delivery of the virus 

into the tumor. In most cases, systemic 

administration does not work well because of pre-

existing immunity. Some novel approaches 

involve the use of nanoparticles, complex viral 

particle ligands, and immunomodulatory agents to 

deliver OVs into the tumor. Alternatively, delivery 

of OVs via a nanoparticles using technologically 

complex image-guided delivery system has also 

been considered Immune response after OVs 

infection suppresses the replication of the virus 

thereby posing a hindrance to the effective 

functioning of OVs therapy. Therefore, increasing 

anticancer treatments and consequently patient 

prognosis through contributions from molecular 

biology, immunology, genomics, and 

bioinformatics will provide a strong foundation for 

OVs’ potential clinical success in the future. 
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