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INTRODUCTION: 
The development of immune checkpoint 

inhibitors (ICIs) is a revolutionary milestone in the 

field of immuno-oncology. Tumor cells evade 

immunosurveillance and progress through different 

mechanisms, including activation of immune 

checkpoint pathways that suppress antitumor 

immune responses.
1
 

Cancer growth and progression are 

associated with immune suppression. Cancer cells 

have the ability to activate different immune 

checkpoint pathways that harbor 

immunosuppressive functions.  

Tumor recognition followed by tumor 

antigen presentation to T cells and T-cell activation 

leads to tumor cell kill. T-cell-mediated immune 

response is modulated by stimulatory and 

inhibitory signals. These immune checkpoints exist 

in a normal physiological state to protect against 

autoimmunity and inflammation. In a neoplastic 

state, dysfunction of these immune checkpoint 

proteins can lead to tumor tolerance and eventually 

allow for tumor „escape‟ from the immune system.
2
 

Immune checkpoint inhibitors (ICIs), 

work by blocking checkpoint proteins from binding 

with their partner proteins. The two main pathways 

that are specifically targeted in clinical practice are 

cytotoxic T-lymphocyte antigen-4 (CTLA- 4) and 

programmed cell death protein 1 (PD-1) that 

showed potent immune-modulatory effects through 

their function as negative regulators of T cell 

activation.
3
 

Cytotoxic T-lymphocyte- associated 

antigen 4 (CTLA-4, also known as CD152), with 

its ligands CD80 and CD86, an inhibitory receptor 

as a global immune checkpoint engaged in priming 

immune responses via downmodulating the initial 

stages of T-cell activation, was the first clinically 

validated checkpoint pathway target.
4
 

Programmed death-1 (PD-1), an inhibitory 

receptor expressed on activated T cells, can reverse 

immune suppression and release T cell activation.  

Anti-PD1/PDL1 antibodies have become some of 

the most widely prescribed anticancer therapies.
5
 

It is in a favorable position to regulate T 

cell function in dendritic cells and other antigen-

presenting cells (APCs). T cells recognize tumor 

cells in the human body and kill them, but when 

tumor cells recognize PD1 protein on T cells, the 

tumor cells will upregulate the PDL1 protein and 

PD1 binds to PDL1 leading to apoptosis of the T 

cells.
6
 

T-cell-targeted immunomodulators are 

now used as single agents or in combination with 

chemotherapies as first or second lines of treatment 

for various cancer.
7
 In this review, we discuss 

different predictive biomarkers for anti-PD-1/PD-

L1 and anti-CTLA-4 inhibitors. 

Nivolumab: is a genetically engineered 

anti-PD-1 mAb, developed by immunizing 

transgenic mice for human immunoglobulin loci 

with recombinant Chinese hamster ovary cells 

expressing human PD-1 and PD-1/human IgG1 Fc 

fusion protein.
8
 

The ligands PD-L1 and PD-L2 bind to the 

PD-1 receptor on T-cells, inhibiting the action of 

these cells. Tumor cells express PD-L1 and PD-L2. 

Nivolumab binds to PD-1, preventing PD-L1 and 

PD-L2 from inhibiting the action of T-cells, 

restoring a patient's tumor-specific T-cell 

response.
9
It has a long duration of action as it is 

administered every 2-4 weeks. 

Common side effects:Fatigue, 

Lymphocytopenia, Musculoskeletal pain, 

Decreased appetite, Cough. 

less common side effects(occurring in 

about 10-29%):Nausea, Anemia, Constipation, 

Rash, Abdominal pain, Thrombocytopenia 

A rare but severe side effects include: 

Immune-mediated: Pneumonitis, Colitis, Hepatitis, 

Nephritis and Renal Dysfunction, Hypothyroidism 

and Hyperthyroidism 

 

Indications: to treat unresectable or metastatic 

melanoma, melanoma as adjuvant treatment, 

resectable or metastatic non-small cell lung cancer, 

small cell lung cancer, advanced renal cell 

carcinoma, classical Hodgkin lymphoma, 

squamous cell carcinoma of the head and neck, 

http://www.chemocare.com/chemotherapy/side-effects/fatigue-and-cancer.aspx
http://www.chemocare.com/chemotherapy/side-effects/muscle-pain-myalgias.aspx
http://www.chemocare.com/chemotherapy/side-effects/cancer-and-chemobased-lack-of.aspx
http://www.chemocare.com/chemotherapy/side-effects/cough-and-chemotherapy.aspx
http://www.chemocare.com/chemotherapy/side-effects/nausea-vomiting-chemotherapy.aspx
http://www.chemocare.com/chemotherapy/side-effects/low-blood-counts.aspx
http://www.chemocare.com/chemotherapy/side-effects/constipation-and-chemotherapy.aspx
http://www.chemocare.com/chemotherapy/side-effects/skin-reactions.aspx
http://www.chemocare.com/chemotherapy/side-effects/abdominal-pain-and-cancer.aspx
http://www.chemocare.com/chemotherapy/side-effects/low-blood-counts.aspx
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urothelial carcinoma, microsatellite instability-high 

or mismatch repair deficient metastatic colorectal 

cancer, hepatocellular carcinoma, and esophageal 

cancer. 

Nivolumab is also approved for the treatment of 

HER2-negative advanced or metastatic gastric, 

gastroesophageal junction, or esophageal 

adenocarcinoma when used in combination with a 

fluoropyrimidine- and platinum-containing 

chemotherapy regimen.
10, 11

 

 

Pembrolizumab: is a highly selective IgG4-kappa 

humanized monoclonal antibody directed 

against human cell surface PD-1 (programmed 

death receptor-1) on lymphocytes.It was generated 

by grafting the variable sequences of a very high-

affinity mouse antihuman PD-1 antibody onto a 

human IgG4-kappa isotype. The PD-1 receptor 

provides an important “immune checkpoint,” which 

helps prevent the immune system from attacking 

itself. Certain types of tumors have a high 

expression of PD-L1(programmed death receptor 

ligand-1).Other tumor types use adaptive immune 

resistance where they take the natural physiology 

of PD-L1 induction (protection of immune-

mediated damage from infections) and adapt it 

towards anti-tumor responses.When PD-L1 

engages with PD-1, the T-cell function becomes 

inhibited; pembrolizumab blocks the PD-1: PDL-1 

complex formation allowing improved T-cell 

mediated killing.
12, 13 

 

Common side effects:Fatigue, Anemia, Cough, 

Itching, Rash, Decreased appetite, Constipation, 

Diarrhea, Abdominal pain.Less common side 

effects: Immune-mediated: pneumonitis, nephritis, 

colitis,  hepatitis, hyperthyroidism, hypothyroidism. 

 

Indications:
14,15,16

 

 Melanoma: Unresectable or metastatic 

melanoma 

 Non-Small Cell Lung Cancer: First-line 

metastatic non-squamous NSCLC without 

EGFR/ALK tumor abnormality in combination 

with platinum chemotherapy and pemetrexed. 

 Head and Neck Squamous Cell Carcinoma: 

First-line metastatic or unresectable/recurrent 

HNSCC in combination with FU and platinum. 

 Renal Cell Carcinoma:First-line advanced 

RCC in combination with axitinib 

 Classical Hodgkin Lymphoma  

 Primary Mediastinal Large B-Cell Lymphoma  

 Urothelial Carcinoma:Locally advanced or 

metastatic urothelial carcinoma not eligible for 

any platinum-based chemotherapy 

 Microsatellite Instability-High (MSI-H) 

Cancer 

 Gastric Cancer: Locally advanced, metastatic 

gastric or gastroesophageal junction 

adenocarcinoma with tumor PD-L1 expression 

greater than 1% with disease progression after 

at least two lines of therapy, including 

platinum or fluoropyrimidine chemotherapy.  

 Cervical Cancer Metastatic or recurrent 

cervical cancer, following chemotherapy, with 

tumor expression of PD-L1 greater than 1%. 

 Hepatocellular Carcinoma: HCC patients 

previously treated with sorafenib 

 Merkel Cell Carcinoma: Pediatric and adult 

recurrent or locally advanced MCC. 

 Small Cell Lung Cancer: Metastatic SCLC 

following platinum-based chemotherapy and at 

least one other therapy. 

 

Ipilimumab:is a fully humanized IgG1 

monoclonal antibody, which targets cytotoxic T-

lymphocyte antigen-4 (CTLA-4), was the first 

approved (25 March 2011) immune checkpoint 

inhibitor for treating patients with advanced 

melanoma.
17

 

Cancer cells produce antigens, which the 

immune system can use to identify and destroy 

them. These antigens are recognized by dendritic 

cells, which present the antigens to CTLs in the 

lymph nodes. The CTLs can then recognize the 

cancer cells by those antigens and destroy them. 

However, dendritic cells also present the antigens 

to CTLs along with an inhibitory signal, which 

binds to a receptor, CTLA-4 (cytotoxic T 

lymphocyte-associated antigen 4), on the CTL and 

turns off the cytotoxic reaction. This allows the 

cancer cells to survive. Ipilimumab blocks the 

CTLA-4 inhibitory signal, and allows the CTLs to 

destroy the cancer cells.
18

It has a long duration of 

action as it is given every 3 to 4 weeks. 

 

Indications:
19,20,21,22,23

 

 Melanoma: Treatment of unresectable or 

metastatic melanoma, in combination 

with nivolumab, in adult patients. 

 Renal Cell Carcinoma (RCC): Ipilimumab is 

used with nivolumab in some patients with 

intermediate- or poor-risk advancedrenal cell 

carcinoma as the first treatment. 

 Colorectal Cancer: In adults and children aged 

12 years and older. Ipilimumab is used 

with nivolumab to 

treat metastatic microsatellite instability-

high (MSI-H) or mismatch repair 

https://www.rxlist.com/anemia/definition.htm
https://www.rxlist.com/viral_hepatitis/article.htm
https://go.drugbank.com/drugs/DB09035
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=767747&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44058&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=789683&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=789683&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=789741&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=789741&version=Patient&language=English
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deficient (dMMR) cancer that got worse after 

treatment with a fluoropyrimidine,oxaliplatin, 

and irinotecan hydrochloride. 

 Hepatocellular Carcinoma : Ipilimumab is used 

with nivolumab in patients who have already 

been treated with sorafenib. 

 Non-Small Cell Lung Cancer (NSCLC) : 

Ipilimumab is used with nivolumab as the first 

treatment in adults withmetastatic non-small 

cell lung cancer expressing PD-L1, but does 

not have a mutation in 

the EGFR or ALK gene. 

a. metastatic or recurrent non-small cell lung 

cancer, and does not have a mutation in 

the EGFR or ALK gene. It is used with 

platinum chemotherapy.  

b. Malignant Pleural Mesothelioma: Ipilimumab 

is used with nivolumab as the first-line 

treatment ofadult patients with unresectable 

malignant pleural mesothelioma. 

 Esophageal Cancer - Ipilimumab is used with 

nivolumab as the first treatment in adults 

with squamous cell carcinoma of 

the esophagus. 

Ipilimumab causes increased activation of T-cells, 

and thus its adverse effects generally result from 

excess T-cell activation.  

Common side effects: pruritic rash, 

diarrhea, or colitis. Less common adverse effects 

include conjunctivitis, uveitis, inflammatory 

hepatitis, liver failure, hypothyroidism, 

hypopituitarism, adrenal insufficiency, 

hypogonadism, intestinal perforation, severe 

enterocolitis, Stevens-Johnson syndrome, and toxic 

epidermal necrolysis. 

 

Tremelimumab: also known as ticilimumab, is a 

fully human IgG2 monoclonal antibody directed 

against cytotoxic T-lymphocyte-associated antigen 

4 (CTLA-4). It binds to cytotoxic T-lymphocyte-

associated protein (CTLA)-4 and results in 

inhibition of B7-CTLA-4-mediated downregulation 

of T cell activation.
24

 Tremelimumab enhances T 

cell-mediated killing of tumours and reduces 

tumour growth 

In synergistic mouse tumor models, blocking 

CTLA-4 activity resulted in decreased tumor 

growth and increased proliferation of T cells in 

tumors. Tremelimumab was first approved in 

October 2022.
25

 

 

Indications:
26 

 used to treat unresectable hepatocellular 

carcinoma in combination with durvalumab. 

 in combination with durvalumab and platinum-

based chemotherapy for adult patients with 

metastatic non-small cell lung cancer 

(NSCLC) with no sensitizing epidermal 

growth factor receptor (EGFR) mutation or 

anaplastic lymphoma kinase (ALK) genomic 

tumor aberrations.  

 

Durvalumab:is a selective, high-affinity human 

immunoglobulin G1 monoclonal antibody and a 

novel immune-checkpoint inhibitor for cancer 

treatment.
2
 Produced by recombinant DNA 

technology in Chinese Hamster Ovary (CHO) cell 

suspension  

Culture. Durvalumab is a programmed 

death-ligand 1 (PD-L1) blocking antibody that 

works to promote normal immune responses that 

attack tumour cells. 

PD-L1 expression on tumor cells and 

tumor-associated immune cells in the tumor 

microenvironment can be induced by inflammatory 

signals and cytokines. PD-L1 blocks T-cell 

function and activation by interacting with PD-1 

and CD80 (B7.1), and reduces cytotoxic T-cell 

activity, proliferation, and cytokine 

production.Durvalumab blocks the interaction of 

PD-L1 with PD-1 and CD80 (B7.1) and exerts its 

anticancer effects by increasing T-cell activation, 

enhancing detection and ablation of tumour cells.
27

 

 

Indications:
28,29,30

 

 unresectable Stage III non-small cell lung 

cancer (NSCLC) whose disease has not 

progressed following concurrent platinum-

based chemotherapy and radiation therapy. 

 metastatic NSCLC with no sensitizing 

epidermal growth factor receptor (EGFR) 

mutations or anaplastic lymphoma kinase 

(ALK) genomic tumour aberrations, in 

combination with tremelimumab and platinum-

based chemotherapy. 

 extensive-stage small cell lung cancer (ES-

SCLC) in combination with etoposide and 

either carboplatin or cisplatin as first-line 

therapy. 

 locally advanced or metastatic biliary tract 

cancer (BTC) in combination 

with gemcitabine and cisplatin.unresectable 

hepatocellular carcinoma (uHCC) in 

combination with tremelimumab. 
 

Cemiplimab:is a recombinant human 

immunoglobulin G4 monoclonal antibody that 

targets and blocks the PD-1 pathway, thus helping 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=386207&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45465&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=635811&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=509041&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46063&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44397&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=721252&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45841&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46595&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46408&version=Patient&language=English
https://go.drugbank.com/drugs/DB11714#reference-A192789
https://go.drugbank.com/drugs/DB11771
https://go.drugbank.com/drugs/DB00773
https://go.drugbank.com/drugs/DB00958
https://go.drugbank.com/drugs/DB00515
https://go.drugbank.com/drugs/DB00441
https://go.drugbank.com/drugs/DB11771
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the immune system to fight cancer 

cells.Cemiplimab binds to the PD-1 receptor found 

on T-cells, blocking its interaction with PD ligand 

1 (PD-L1) and PD-L2, thereby inhibiting T-cell 

proliferation and cytokine production.
31

 

 

Indications:
32

 

 Locally advanced or metastatic cutaneous 

squamous cell carcinoma in patients who are 

not candidates for curative surgery or curative 

radiation.  

 Metastatic basal cell carcinoma 

 Locally advanced non-small cell lung 

cancerin combination with platinum‐ based 

chemotherapy for the first‐ line treatment of 

adults with no EGFR, ALK or ROS1 

aberrations, who are not candidates for 

surgical resection or definitive 

chemoradiation.  

 Recurrent or metastatic cervical cancer in 

adults with disease progression on or after 

platinum-based chemotherapy. 

 

Atezolimumab: 

Atezolizumab is a humanized monoclonal 

antibody,binds selectively to PD-L1 and prevents 

the binding of PD-L1 to PD-1 and B7-1, which 

enhances the magnitude and quality of the tumor-

specific T-cell responses, resulting in improved 

antitumor activity.
33

 

In this way, T-cell activation is enabled 

and tumor cell death is ultimately induced. 

As a biologic agent, atezolizumab can 

cause a number of immune-mediated 

complications.  

Side effects: Adrenal insufficiency has 

been reported with the drug both alone and in 

combination with other antineoplastic 

agents.
34

Pulmonary toxicity in the form of immune-

mediated pneumonitis and insterstitial lung disease. 

Ocular toxicity in the form of uveitis and iritis have 

been reported in the literature. Hypothyroidism, 

hyperthyroidism, and rarely, acute thyroiditis can 

arise secondary to the administration of 

atezolizumab.
35

Hepatotoxicity. Most common 

adverse reactions (≥ 20% of patients) included: 

fatigue, decreased appetite, nausea, urinary tract 

infection, pyrexia, and constipation. 

Atezolizumab is given as an intravenous injection 

through a vein (IV) over 60 minutes for the first 

infusion, and if no infusion reaction, over 30 

minutes for each infusion thereafter. Treatment 

cycles are every 3 weeks (21 days). Medications 

can be given before the infusion to reduce allergic 

reactions. 

 

Indications:
36,37,38

 

 Metastatic Non-small-cell Lung Cancer 

(NSCLC):  

a. Atezolizumab, as a single agent, in patients 

with metastatic NSCLC.   

b. Atezolizumab, in combination with 

bevacizumab plus chemotherapy (paclitaxel 

and carboplatin), in adult patients with 

metastatic non-squamous NSCLC.  

 Unresectable or Metastatic Hepatocellular 

Carcinoma: Atezolizumab, in combination 

with bevacizumab. 

 Unresectable or Metastatic 

Melanoma:Atezolizumab, in combination with 

vemurafenib and cobimetinib. 

 Locally Advanced or Metastatic Urothelial 

Carcinoma:Atezolizumab, as a single agent, is 

indicated in patients with locally advanced or 

metastatic urothelial carcinoma. 

 Extensive-stage Small Cell Lung 

Cancer:Atezolizumab, in combination with 

carboplatin and etoposide. 

 

Avelumab: is a human recombinant monoclonal 

IgG1 antibody to the programmed cell death 

ligand-1 (PD-L1), which has distinctive 

immunomodulatory activity and is used as a 

checkpoint inhibitor in cancer immunotherapy. 

It specifically bind to PD-L1, preventing 

the interaction between PD-L1 and the inhibitory 

T-cell receptor PD-1. PD-L1 blockade removes the 

suppression of T-cell activity, resulting in T-cell-

mediated, adaptive antitumour immune 

responses.
39

In addition, avelumab inhibits the 

interaction of PD-L1 with a second inhibitory 

receptor, B7.1, which may be expressed on APCs 

and T cells. Thus, avelumab may also potentiate T-

cell reactivation and cytokine production by 

inhibiting the interaction with PD-1 and B7.1 on T 

cells with PD-L1 on APCs.
40

 Unlike other anti-PD-

L1 or anti-PD-1 antibodies, avelumab has a (Fc) 

region, which enables avelumab to engage with Fc-

γ receptors on natural killer cells and induce 

tumour-directed antibody-dependent cell-mediated 

cytotoxicity (ADCC) in vitro. 

Side effects are fatigue, headache, 

musculosketetal pain, arthralgia, abdominal pain, 

diarrhea, nausea, vomiting, decreased appetite, 

weight loss, fever, cough, dyspnea, pruritus, and 

rash. As a result of the immune enhancement, 

between 15% and 30% of avelumab treated patients 
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develop immune related side effects, including 

enterocolitis, dermatitis, endocrinopathy, 

pneumonitis, neuropathy, nephritis and hepatitis.
41

 

The recommended dose is 800 mg as an 

intravenous infusion every 2 weeks. Premedication 

with acetaminophen and antihistamines is 

recommended for the first 4 infusions. 

 

Indications:
42,43

 

 In adult and pediatric patients ≥12 years of age 

with metastatic Merkel cell carcinoma (MCC). 

 locally advanced or metastatic urothelial 

carcinoma  

 Advanced renal cell carcinoma (RCC): in 

combination with axitinib. 

 

Dostarlimab:is an IgG4 humanized monoclonal 

antibody targeted against the human  programmed 

death receptor-1 (PD-1).It inhibits programmed cell 

death receptor-1 (PD- 

1) and blocks the interaction of receptors with PD-

L1 and PD-L2, which in turn activates  T-cells and 

enhances overall immunity. Dostarlimab works as a 

functional antagonist,  resulting in increased IL-2 

production.
44

 

The dose of dostarlimab that is generally 

recommended is 500 mg every 3 weeks (for the  

first four doses), after the fourth dose, 1000 mg 

every 6 weeks is administered until  disease 

progression or any unacceptable toxicity is noticed. 

 

Indications:
45,46

 

 for adult patients with mismatch repair 

deficient (dMMR) recurrent or advanced 

endometrial cancer that has progressed despite 

ongoing or prior treatment with a platinum-

containing chemotherapy regimen. 

 Dostarlimab has also shown promising results 

in endometrial cancer, ovarian cancer, 

melanoma, head and neck cancer, and breast 

cancer therapy. 
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