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I. INTRODUCTION

Immunotherapy is a cancer remedy that, in comparison to traditional cancer therapies
like radiotherapy and chemotherapy, dynamically modifies the immune gadget to assault
most cancers cells in a spread of goals and orientations. [1]. Immunotherapy is primarily used
to boost vulnerable function by controlling the immunological medium, which enables
vulnerable cells to target and annihilate tumour cells at several significant bumps [2]. utmost
of the goods will be vastly bettered when used in combination with conventional anti-tumour
remedies or multitudinous vulnerable checkpoint impediments( ICls), although further
exploration is demanded to determine the exact circumstances. The market and use of
pharmaceuticals are gradually expanding, and associated anti-tumour medication research is
becoming more in-depth. At present, the gap with the transnational exploration position is
gradationally narrowing, which greatly promotes the development of tumour immunotherapy
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Figure 1: Cancer Immunotherapy [Adapted from Ashu Tripathi et al]
Il. CELLULAR IMMUNOTHERAPY FOR TUMOURS

Immune cells can identify and kill tumours. By stimulating vulnerable cells and using
the body's tumour-specific vulnerable response to overcome tumour escape, vulnerable cells
can formerly again play a part in tumour surveillance and concurrence. Cell immunotherapy
is now effective in hematologic tumours, but due to the diversity within solid tumours and
external microenvironments, the efficacity for solid tumours is not as anticipated. ( 3).

1. Adaptive Cellular Immunotherapy [ACI]: The process of destroying tumor cells by
injecting genetically modified immunological effector cells that has amplified and
become a popular research field and important treatment method due to its high
specificity, easy preservation, and absence of drug resistance is known as ACI. ACI can
be categorized into nonspecific and specific ACI. In nonspecific ACI, immune cells are
activated by cytokines or lymphocytes present in the peripheral blood and can be used to
treat a variety of tumors. However, their weak killing ability and poor targeting restrict
them to adjuvant therapy. Dendritic cells( DC), natural killer cells( NKC), cytokine-
convinced Killer cells( CIK), excrescence- insinuating lymphocytes ( TIL), lymphocyte-
actuated Killer cells( LAK), macrophages-actuated Killer cells( MAK), and so on are the
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immunologic effector cells in nonspecific ACI. Specific ACI involves the induction of
immune cells by specific tumor antigen stimulation and stimulating factors like TIL
therapy, T cell receptor -T (TCR-T), and Chimeric Antigen Receptor T-Cell
Immunotherapy (CAR-T). [4] The principal effector cells are CD8 + T cells and CD4 + T
Cells. This kind of therapy has strong specificity, a strong focus on, excessive lethality,
small side outcomes, and o drug resistance, so it can be used in a few advanced patients
or patients and not using a reaction to other healing outcomes. TIL therapy is most
effectively used for cancer quickly due to its difficulty in isolating and accumulating, and
car-T remedy is frequently used for blood tumour remedy. [5]
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Figure 2: Adaptive cellular immunotherapy [Adapted from Qiaofei Liu]

2. NK Cell Therapy: The floor of NK cells, which might be risky herbal immune cells, is
often made from lively killer activation receptors (KARs) and killer inhibitory receptors
(KIRs). while NK cells may also hastily respond to viral infection and tumor incidence,
they're aware that everyday cells are often controlled by means of inhibitory receptors and
keep away from killing them. To destroy the immune system and release a wellknown
immune device defense and assault, NK cells do now not even need to be activated in the
absence of an antibody. especially for metastatic cancers and blood tumors, the deadly
impact of NK cells on tumor cells missing the MHC-1 receptor and tumor cells
expressing the activated ligand with up-regulated expression was activated. [6]
additionally, energetic cytokines like IL-2 and IL-5 mediate and encourage NK mobile
activation, even as antibody-established cellular-mediated cytotoxicity (ADCC) facilitates
NK cells' capability to locate and eradicate tumor cells which have been coated with an
antibody. Newly created BIiKE and TriKE molecules may boost ADCC's efficiency. [7] To
circumvent the immune system, tumor cells still possess the mechanisms that suppress
NK cells. [8] First, MICA and MICB proteins are secreted by tumor cells. Accordingly,
specific antibodies have been designed and have produced outcomes, such as mAb 7C6.
[9] second, through increasing the expression of HLA-G and interacting with the NK
cells' inhibitory receptor LIR-1, tumor cells prevent NKC from being detected and killed.
Thirdly, the soluble activated NKG2D ligand is secreted and dispersed by using tumor
cells, making it extra tough for NK cells to hook up with the NKG2D ligand on tumors
and allowing for persistent activation of NK cells near the tumor, which lowers the
sensitivity of popularity. [10] Inhibitory immune cells can hinder NK cells' anti-tumor
activity through cytokine secretion or direct contact. [11] NK cell treatment can be
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improved by blocking inhibitory signaling pathways, activating activation signaling
pathways, or using targeted drugs to promote NK cells' migration to the tumor site, thus
enhancing anti-tumor effects and minimizing side effects. [12] Medical research focuses
on NK cells with immune checkpoint inhibitors, CAR-combined NK cells, and NK cell-
based immunotherapy. [13]
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Figure 3: NK cell activation and suppression.

Figure 3 displays the techniques used to activate and inhibit NK cells. KAR and
KIR are components of NK cells. The signals that activate and suppress NK cells control
how they react to tumor cells. Decreased MHC-1 molecule binding to inhibitory receptor
KIR is one of the causes of NK cell activation. They were increasing the amount of
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binding to active antigens. ICIs were used to eliminate immunosuppression signals.
ADCC acts as a mediator in the detection and elimination of tumor cells. Cytokines
encourage NK cell activation. Tumor cells upregulate the expression of the HLA-G
molecule can be increased to enhance its binding affinity with the inhibitory LIR-1
receptor, which is one of the methods by which NK cells are inhibited. The activity of the
antibodies is downregulated as a result of the connection of the interaction between the
tumor cell expressing NKG2DL and the NK cell expressing NKG2D.).

3. CAR-t Immunotherapy: Certain B cell malignancies can be treated with this particular
treatment, therapies using genetically altered T cells that express CARs that are specific
for CD19 or BCMA are licensed. The threat of clinically extreme on-goal, off-tumour
toxicity (OTOT) because of automobile T cellular-mediated cytotoxicity in opposition to
non-malignant tissues expressing the target antigen is one of the difficulties in turning
these achievements into therapies for patients with solid tumours. certainly, severe OTOT
has been cited in numerous car T cellular clinical studies which include patients with
stable tumours, underscoring the need to increase techniques to anticipate, reduce, and
manage the development of this effect. This review discusses recent clinical data
supporting the use of CAR T cells for solid tumors. We examine the usefulness of
preclinical mice models in predicting clinical outcomes. New approaches to improve the
specificity of CAR T cells in treating solid tumors are highlighted. Control methods to
reduce clinical OTOT after cell infusion are also emphasized. [14]

CAR architecture is shown below. Standard CAR has an intracellular CD3
signaling domain, scFv produced from a monoclonal antibody, connected via TM to a co-
stimulatory signaling domain (e.g., CD28 or 4-1BB). While CD28 provides for quick
growth but limited endurance, 4-1BB encourages persistent effector function.
Immunoreceptor Tyrosine-primarily based Activation Motif, Immunoreceptor Heavy
Chain Variable area, Immunoreceptor light Chain Variable area.

Figure 4: The CAR-t architecture
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1. FACTOR INFLUENCING TUMOR IMMUNOTHERAPY

1. Effect on Efficiency: Numerous factors affect how tumour immunotherapy works. First,
it has to do with human immunity, which has strong genetic and internal microbial ties.
[15] It has to do with malignant cells, second. Patients with low intra-tumor heterogeneity
and high clonal source neoantigens have greater therapeutic benefits. [16] Other
significant factors affecting the therapeutic effect include a number of new antigens,
tumour mutation targets, and mutation load. Thirdly, environmental variables including
daily routine, food, bacterial illness, and drug usage are connected to it.

2. Effect on Intestinal Bacteria: Based on their immunological features, There are three
types of tumors. The first type is "immunosuppressed” or "immune desert type". This type
lacks T cells or has a low density of lymphocytes. PD-1/PD-L1 treatments are generally
ineffective for this type of tumor.. The second kind, also known as the "immune
excluded" or " "Immune exemption type" tumours exhibit high concentrations of CD3+
and CD8+ lymphocytes at the tumour's periphery. However, the center of the tumour
cannot be engulfed by these cells. T-cell emigration is the primary cause of immune
response suppression. The third kind is called the immunological inflammatory type, and
it surrounds the tumour with PD-L1, pro-inflammatory factors, and effectors, but an
immune response is blocked by the tumour’s escape. [17] To treat certain types of cancers,
methods like T-cell transport regulators, soluble factor regulators, and physical barrier-
destroying techniques can be used. [18]

3. Neoantigens: Anti-PD1/CTLA4 immunotherapy is less effective due to intratumoral
heterogeneity of neoantigens, insufficient clonal neoantigens, and a surge in subclonal
neoantigens.[19] The more clone-derived novel antigens present and the less
heterogeneity there is in the tumor, the longer the total survival period. Clonogenic
neoantigens may be correlated with effector T cell activation in the tumor environment.
This is evident by the higher number of clonal neoantigens and higher expression of pro-
inflammatory genes such as PD-L1, IL-6, and IFN in tumors.. [20]

4. Effect of Tumor Microenvironment: The tumor cells, peripheral immune cells,
neovascularization, fibroblasts, endothelial cells, and extracellular matrix. In clinical
practice, the type, quantity, and other properties of immune cells present in the tumor core
and its surrounding microenvironment have a significant impact. may be used to
approximately predict the degree of tumour degeneration, probability, and impact of
immunotherapy medicines. In the meantime, immunotherapy for inflammatory tumors is
influenced by both genetic and environmental factors. Critical proteins, inflammatory
mediators, and inflammatory cells are all potential drug targets for inflammatory
signaling pathways. [22] Even if the efficacy is still unpredictable, it lays the foundation
for improvement and enables patients to get tailored therapy.

Most cancer cells respond well to PD-1/PD-L1 inhibitors, especially those with
high PD-1 expression, high mutation loads, and specific indicators like IFN-, granzyme,
and CXCL9/CXCL10. MDSCs and macrophages can also contribute to tumor growth by
depleting extracellular arginine and promoting tryptophan breakdown., are
immunosuppressive drivers in the tumour microenvironment, where Cancer-associated
fibroblasts (CAFs) cause the death of T cells by attaching to them.. [23] Additionally, the
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tumour microenvironment's acidic and hypoxic circumstances promote tumour growth
and reproduction, prevent T cells from activating and becoming toxic, and severely
suppress the tumour's ability to evade the immune system's defenses.[24]

5. Tumor Mutational Burden (TMB) plays a crucial role in tumor immunotherapy. As the
tumor mutation loads rise, more novel antigens are produced, which activate T cell
responses. This makes immunotherapy more effective as its effects become more visible.
Further research has indicated that the number of mutations or mutation load in a tumor's
DNA can be used as immunological markers to predict the impact of immunotherapy.
This helps in directing clinical trials, including immunotherapy. Additionally, following
therapy, TMB has been shown to extend progression-free survival (PFS) and overall
survival (OS). [25,26]

IV. IMMUNE CHECKPOINT INHIBITORS

Immune checkpoints are networks of pathways that regulate immune response and
self-tolerance. Activated in cancer to suppress antitumor immune response. Immune
checkpoint drugs increase the body's ability to fight malignant tumours by inhibiting or
enhancing these pathways. These three inhibitory checkpoint pathways — CTLA-4, PD-1, and
PD-L1 are molecules involved in cell death regulation. have received the greatest attention.
For research. Drugs that disrupt these pathways are now used for the treatment of various
types of cancers. and have been shown to have long-lasting therapeutic effects in some cancer
patients. New research in cancer treatments has shown that inhibitory mechanisms such as
CTLA-four and PD-1/PD-L1 are no longer sufficient. Instead, scientists are exploring the
potential benefits of pills that block other inhibitory mechanisms such as LAG-three, TIM-3,
TIGIT, VISTA, and B7/H3. Furthermore, agonists of the stimulation checkpoint pathway
such as OX40, ICOS, GITR, 4-1BB, and CD40 are also being investigated., as well as
compounds targeting elements of the tumor microenvironment such as IDO or TLRs, are also
being researched. Immune control pathways involved in cancer immunotherapy have been
reviewed in depth in this article, along with protocols and treatments that have been tested In
phase | clinical trials, we discuss disadvantages, side effects, difficulties, and future research
possibilities. [27]
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Figure 5: Interactions between the tumor microenvironment, T cells interact with antigen-
presenting cells and tumor cells.

V. DRUGS USED IN CANCER IMMUNOTHERAPY

1. Pembrolizumab:
Brand Name: Keytruda.
Doses: 100mg/4mL (25mg/mL)
Uses:
e Solid Tumors
Malignant Melanoma.
Head and neck cancer.
Non-Small Cellular Lung Cancer
Lymphoma.

Adverse Effect: Unresectable or metastatic melanoma: rash, constipation, fatigue,
arthralgia, cough, decreased appetite, pyrexia, abdominal pain, asthenia, , hyperglycemia,
hypertriglyceridemia, hypoalbuminemia, lymphopenia, , hypercholesterolemia.

Contraindication: There are not any contraindications for pembrolizumab. boundaries of
use: Pembrolizumab isn't endorsed in PMBCL (primary mediastinal big B-mobile
lymphoma) sufferers who require urgent cytoreductive remedy.

2. Nivolumab:

Brand Name: OPDIVO
Doses: Applies to the following strengths: 10 mg/mL
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Uses:

skin cancer (melanoma).
non-small cell lung cancer.
Renal cell cancer.

Liver cancer, or

Colorectal cancer.

Adverse Effect: signs and symptoms of a hypersensitive reaction to Opdivo (hives, hard
breathing, swelling to your face or throat) or a severe pores and skin response (fever, sore
throat, burning eyes, skin pain, pink or red pores and skin rash with blistering and

peeling).
Contraindication: Hypersensitivity to nivolumab or any components of the formulation.

3. Cemiplimab:
Brand Name: Libtayo.
Doses: Applies to the following strengths: rwlc 350 mg/7 mL
Uses:
e Non-small cell lung cancer
e Cutaneous squamous cell carcinomas [cscc ; skin cancer].
e Basal cell carcinoma (BCC).

Adverse Effect: Diarrhoea, painful or difficult urination, fever, hoarseness, itching,
skin rash.

Contraindication: This drug is not recommended for use in children

4. Toripalimb:
Brand Name: Loqgtorzi
Doses: 240 mg Q3W, tolerated up to 10 mg/kg Q2W
Uses:
e Melanoma
Nasopharyngeal carcinoma
Urothelial carcinomas.
neuroendocrine neoplasms.
lung cancer.

Adverse Effect: Pneumonitis, may cause new trouble breathing, cough, or chest pain.
Contraindication: None

5. Sintilimab:
Brand Name: Tyvyt
Doses: 10 mg/kg. sooner or later, a dose of 200 mg in line with three weeks (g3w)
Uses:
« It is used for the treatment of relapsed or refractory classical Hodgkin's lymphoma after
failure of at least 2d-line systemic chemotherapy.
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Adverse Effect: Fever, thyroid dysfunction, elevation of liver enzymes, and lung
irritation.

Contraindication: None

6. Pidilizumab:
Brand Name: CT-011; MDV 9300
Doses: 3 mg/kg intravenously each 4 weeks for four infusions.
Uses:

e Itis used for treatment of cancer and infectious disease
Adverse Effect: Colitis, diarrhoea, malignancies.
Contraindication: None

7. Atezolizumab:
Brand Name: Tecentriq
Doses: 840 mg 1V q2Weeks or; 1200 mg IV g3Weeks.
Uses:
e |tis used alone to help prevent non-small cell lung cancer (NSCLC)

Adverse Effect: Pale skin, loss of appetite, vomiting, constipation, hair loss.
Contraindication: May cause foetal harm if used during pregnancy.

8. Durvalumab:
Brand Name: Imfinzi
Doses: 120 mg/2.4mL (50mg/mL),
500 mg/10mL (50mg/mL).
Uses:
e Itis used to treat non-small cell lung cancer (NSCLC).

Adverse Effect: Fatigue, Infusion-related reactions, Musculoskeletal pain, Swelling of
extremities, Urinary tract infection (UTI),

Contraindication: None.
9. Avelumab:
Brand Name: BAVENCIO
Doses: 800 mg IV g2Weeks. Continue until disease progression.
Uses:
e It’s miles used to deal with Merkel cell carcinoma (MCC; a form of skin cancer)
Adverse Effect: Fatigue, headache, musculoskeletal pain, arthralgia, abdominal pain

Contraindication: Hypersensitivity to the active substance or to any of the excipients.
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Ipilimumab:
Brand Name: YERVOY
Doses: Single agent. >12 years: three mg/kg 1V g3Weeks for a maximum of 4 doses.
Uses:

e Itis used in the management and treatment of metastatic melanoma.

Adverse Effect: Fatigue, diarrhea, pruritus, rash, and colitis.
Contraindication: Hypersensitivity to ipilimumab or any component of the formulation.

Trastuzumab:
Brand Name: Herzuma, Kanjinti or Ontruzant
Doses: [weekly agenda: 2 mg/kg; three-weekly timetable: 6 mg/kg].
uses:
« Breast cancers
 Advanced stomach cancer
» Most cancers wherein the food pipe joins your stomach (gastro-oesophageal junction).

Adverse Effect: Headache. Gastrointestinal signs (nausea and vomiting; belly pain,
diarrhea), back pain, top breathing signs (rhinitis, pharyngitis), weak spots, and fatigue.

Contraindication: hypersensitivity to trastuzumab treatment or murine proteins, severe
dyspnea at rest as a consequence of complications of superior malignancy, and requiring
supplementary oxygen remedy

Bevacizumab:

Brand Name: Avastin
Doses: prOC - Topotecan (each 3 weeks), 15 mg/kg IV, every 3 weeks; rGBM - none
(single agent), 10 mg/kg IV, each 2 weeks.
uses:

To treat positive sorts of colon and rectal cancer (most cancers that start in the large
gut)

Non-small cellular lung cancer (NSCLC)

Glioblastoma (a positive form of cancerous mind tumor)

Renal cellular cancer (RCC, a type of most cancers)

Adverse Effect: mild-headed, itchy, sweaty, or have a headache, chest tightness, returned
ache, trouble breathing, or swelling in your face.

Contraindication: which includes pulmonary embolism, stroke, coronary heart assault,
deep vein thrombosis

Panitumumab:

Brand Name: Vectibix

Doses: usually every 14 days. The dosage is primarily based on your weight and response
to treatment
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Uses:

» It's miles used to deal with a type of cancer of the colon or rectum that has unfolded
to other regions of the body both at some point of or after treatment with other
chemotherapy capsules.

Adverse Effect: respiratory problems, modifications in imagination and prescient, eye
pain, fast irregular heartbeat, fever, and chills.

Contraindication: This does not work in patients who have KRAS or NRAS mutations.

14. Rituximab:
Brand Name: Rituxan
Doses: injectable answer (single-dose vials), 10mg/mL (10mL, 50mL vials)
Uses:
« It’s miles used to deal with certain forms of cancer like non-Hodgkin lymphoma and
continual lymphocytic leukemia.

Adverse Effect: Fever, chills or shaking, dizziness, problem breathing, itching or rash,
lightheadedness or fainting.

Contraindication: extreme, active contamination, hypersensitive reaction to any of the
components of the formulation. intense heart failure, uncontrolled cardiac disease, being
pregnant.

15. Aldesleukin:

Brand Name: Proleukin

Doses: The advocated dose is 600,000 1U/kg intravenously over 15 minutes each eight

hours for 14 doses accompanied by means of nine days of relaxation.

Uses:

* It’s miles used to deal with superior renal cellular carcinoma (RCC, a kind of cancer
that starts inside the kidney) that has unfolded to different elements of your body.

» Extensively utilized to deal with melanoma (a form of skin most cancers) that has
spread to other parts of your body.

Adverse Effect: Apillary leak syndrome (a circumstance that causes the body to keep
extra fluid, low blood stress, and coffee stages of a protein [albumin] within the blood)
which may additionally result in harm to your coronary heart, lungs, kidneys, and
gastrointestinal tract.

Contraindication: Patients with a regarded history of hypersensitivity to interleukin-2 or
any aspect of the Proleukin method.

VI. CONCLUSION
These days, the significance of anti-tumor immunotherapy inside the subject of tumor
remedy is developing. Studies on the treatment of a range of malignant tumors have produced

encouraging results, and new approaches and targets, such as combination therapy, have
increased the efficacy of immunotherapy and lowered its negative effects. The
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unpredictability of therapeutic outcomes, high expense of care, rare cases of severe adverse
reactions, sometimes even life-threatening ones, and treatments that could result in blindness
are all reasons why immunotherapy is still debatable today.
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