
 

395 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

 

 

 

 
A REVIEW: CHECKPOINT INHIBITORS IN CANCER 

IMMUNOTHERAPY 

 

R. Pol*, S. Gulavani, S. Sharma 

 

School of Biotechnology and Bioinformatics, D. Y. Patil Deemed To Be University, Plot No. 50, Sector 15, CBD 

Belapur, Navi Mumbai 400614, Maharashtra, India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Cancer is the uncontrolled growth of abnormal cells in the body. These abnormal cells are malignant or tumor cells. 

Often cancer cells, undergo metastasis whereby they travel through the blood and lymph system and lodge in other 

organs where they can again repeat the unchecked growth cycle. These cells fail to undergo programmed cell death or 

apoptosis as normal body cells do. Our immune system is most successful in eliminating damaged and abnormal cells 

from the body. However, these cancer cells manage to trick the system. They have ways to avoid destruction by the 
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ABSTRACT 

Immunotherapy is a promising cancer treatment that focuses on boosting one’s immunity to fight cancer instead of 

directly attacking the cancer cells like is done in the case of chemotherapy, radiotherapy, and other conventional 

therapies. Immunotherapy along with other kinds of therapies has shown favorable results during clinical trials. 

Immune Responses are supervised by a very intricate system of checks and balances which enables protective 

immunity and toleration. The immune check points prevent the immune response being so strong that may destroy 

healthy cells in the body. Immune checkpoint inhibitors (ICIs) are molecules that stop these checkpoints from 

aiding the cancer cells to grow further. They do so by binding to the T-cell receptors before the receptors on the 

tumor cell can bind to them, hence retaining the activity of the T-lymphocytes. In this review article, we highlight 

the various checkpoint inhibitors involved in immunotherapy. We address important issues related to 

pharmacodynamics (PD), pharmacokinetics (PK) and the safety and efficacy of ICIs. 
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immune system and have their unique mechanisms to evade the immune system. These cells make genetic changes that 

make them less visible to the immune system, they may express proteins on their surface that turn off the immune cells, 

and they can change the normal cells around the tumor and thus interfere with the response of the immune systems to 

cancer cells.  

 

Treatment of cancer is done by the traditional cancer treatment designed to act directly on tumors by inhibiting their 

growth and ultimately leading to resistance mechanisms. As a class of anticancer agents, immunotherapies are designed 

to harness the patient’s immune system to fight cancer. Several types of immunotherapies are used to treat cancer. 

These include Immune checkpoint inhibitors, Therapeutic proteins – Cytokines and monoclonal antibodies (MAbs), 

Cancer vaccines, Adoptive cell transfer.
[1]

  

 

Immune Checkpoint 

The immune-surveillance system of our body keeps a check of the foreign antigens that are presented either by MHC I 

or MHC II. It keeps the inflammatory response of the immune system constantly activated. The Cytotoxic T 

lymphocyte (CTL) is activated by the antigen-presenting cells (APCs) that present the tumor antigen with their MHC 

molecules as cancer-specific neo-antigens. The process of full activation takes place with an additional interaction of 

the co-stimulatory TCR CD28 and B7 ligand. This interaction is crucial for the destruction of cancer cells because it 

fabricates an antigen-specific immune response in which numerous CTLs are activated and flood the tumor cell to 

destroy it. Thus, activation of the immune system through the CTLs helps to achieve the desired outcome of tumor 

control, but on the other hand, can be responsible for autoimmunity. The Immune Check point inhibitors (ICIs) tightly 

regulate or suppress the receptor-ligand binding to avoid collateral damage from autoimmunity.
[2,3] 

The cytotoxic T 

lymphocyte associated protein 4 (CTLA-4) was demonstrated to have a potent inhibitory role in regulating T cell 

responses. In resting T cells, CTLA-4 is an intracellular protein; however, after T cell receptor (TCR) engagement and 

a co-stimulatory signal through CD28, CTLA-4 translocate to the cell surface, where it outcompetes CD28 for binding 

to critical co-stimulatory molecules (CD80, CD86) and mediates inhibitory signaling into the T cell, resulting in the 

arrest of both proliferation and activation.
[4,5] 

Immunological checkpoints consist of inhibitory immune response 

proteins (PD1, CTLA-4, and VISTA) and stimulatory immune response proteins (CD28, ICOS, CD137) that help to 

maintain the immune response.
[6]

  

 

Cancer cells cleverly escape from immune attacks by dysregulating immune checkpoint-related proteins. They do so by 

developing a similar set of defense mechanisms to evade the immune system in the form of Programmed cell death 

receptor-1 (PD-1) and Programmed Cell Death Ligand-1 (PD-L1). PD-L1 and PD-L2 are expressed on the surface of 

cancer cells and APCs and exert an inhibitory effect on interaction with PD-1 receptors that are present on CD-8 cells. 

The complex formed between PD-1 and PD-L1 or PD-L2 acts as a negative regulator by blocking CTL functions 

through an inhibitory signal downstream to the T-cell Receptor (TCR).
[7,8,9] 

This way cancer cells achieve immune 

tolerance. Immune checkpoint therapy relies on a functioning immune system with agonists of stimulatory signals or 

antagonists of inhibitory signals. Cytotoxic T lymphocyte-associated molecule-4 (CTLA-4), Programmed cell death 

receptor-1 (PD-1) and Programmed Cell Death Ligand-1 (PD-L1) is the most studied and acknowledged inhibitory 

checkpoint pathways. At present, six ICIs have been approved by the US Food and Drug Administration (FDA), of 

which five ICIs also received market authorization by the European Medicines Agency (EMA).
[10,11]
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Immune Checkpoint Inhibitors (ICIs) 

PD-1 and PD-L1 or PD-L2 Blockers: Nivolumab and Pembrolizumab 

 

Nivolumab 

Nivolumab is the first anti-PD-1 genetically engineered fully human immunoglobulin G4 (Ig G4) monoclonal antibody 

and is specific for the human PD-1. Antibody-dependent cellular cytotoxicity (ADCC), if intact, has the potential to 

attenuate activated T-cells and tumor-infiltrating lymphocytes and dampen activity as PD-1 is expressed on T-cells. 

Hence, the IgG4 iso-type of Nivolumab was engineered in a way that precludes ADCC.
[12]

 Unlike most monoclonal 

antibodies used in immunotherapeutic oncology, like IgG1, IgG4 possesses minimal ADCC activity. Nivolumab 

disrupts the interaction between PD-L1 or PD-L2 with PD-1 and thus inhibiting cellular immune response, acting as an 

anti-PD-1 drug.
[13,14]

  

 

Pharmacokinetics: Once injected, nivolumab is likely to degrade through catabolic pathways into small peptides and 

amino acids like endogenous immunoglobulins. In addition to this, nivolumab is expected to be cleared by proteolytic 

degradation. 

 

Safety and Efficacy: Nivolumab was found to be superior to the chemotherapy treatments and has the potential as 

identifying predictive biomarkers for therapeutic oncology and drug development.
[15,16]

 A series of phase I, II, and III 

clinical trials done by using nivolumab in the treatment of renal cell carcinoma (RCC)
[17-19]

,
 
Non-small cell lung cancer 

(NSCLC)
[20-24]

 and melanoma
[25-26]

 revealed that the Progression-Free Survival (PFS) rate was greater.  There was an 

increased response rate and it proved to be an effective and safe alternative for patients.  

 

Pembrolizumab 

Pembrolizumab is a humanized, potent, IgG4 kappa monoclonal anti-PD1 antibody that binds to the PD-1 receptor. By 

binding to the receptor, it ceases the formation of any complex between PD-1 and its ligands PD-L1 and PD-L2. Thus, 

leading to the activation of T-cell mediated immune response, putting an end to the co-inhibitory pathway mediated by 

the interaction between PD-1 and PD-L1 or PD-L2.
[27]

 It was observed that the tumor growth visibly decreased in 

genetically identical mouse tumor models.
[28]

 

 

Pharmacokinetics: No specific process has been noted for the metabolism of pembrolizumab in the body but it has 

been suggested that the cells in the reticuloendothelial system metabolize these IgG monoclonal antibodies by the 

process of phagocytosis. It was also suggested that it must be the phagocytes that break down the monoclonal 

antibodies into fragments of peptides with a lower molecular weight, which are eventually eliminated by the renal 

glands from the body. However, the metabolism of the drug is dependent on patient-specific factors. These factors 

include antigen concentrations, antigen properties, and protective Fcγ and FcRn receptor expression. The clearance rate 

of pembrolizumab remains unaffected by age or gender, which is 0.22L/day and has a long half-life of 26 days.
[29]

 

 

Safety and Efficacy: Pembrolizumab has therapeutically gained accelerated approval for the treatment of PD-L1 

positive cervical cancer by the US Food and Drug Association.
[30,31]

 Pembrolizumab showed a discrete mechanism of 

action, response rate, and toxicity level distinct from other chemotherapies for gastric cancer.
[32] 

It is a humanized 

monoclonal antibody against PD-1 and has shown anti-tumor activity with an acceptable safety profile in phase II and 

III studies in patients with PD- L1 positive advanced gastric and gastroesophageal junction cancers.
[33]

 There is still 
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intensive research going to assess the efficacy of Pembrolizumab in combination with other therapies for gastric 

cancer.
[34]

  

 

Anti- CTLA-4 antibodies - Ipilimumab and Tremelimumab 

Ipilimumab 

Ipilimumab is a fully-humanized IgG1 type monoclonal antibody that acts on CTLA-4. They antagonize and bind to 

CTLA-4 and stop cause cessation of ligand binding. Anti-CTLA-4 antibodies like Ipilimumab inhibit CD80 and CD86, 

present on the antigen-presenting cells (APCs), from binding to CTLA-4 on the T-lymphocytes. This blockade leads to 

extended T-cell activation, which in turn paves a way for the restoration of T-cell proliferation and amplification of T-

cell mediated immune response.
[35]

 Ipilimumab causes a more robust response in cancer patients with reduced CTLA-4 

expression and decreases the likelihood of subsequent relapse.
[36]

 Its significant impact on melanoma ushered it into the 

world of medical immune-oncology and it gained acceptance for the treatment of other types of cancers.
[37]

  

 

Pharmacokinetics: The pharmacokinetic studies indicated the half-life of Ipilimumab to be 12 to 14 days and 

permitted to have 3 to 4 weeks dosing design. The metabolism does not involve the cytochrome P450 enzyme system. 

Ipilimumab is a monoclonal antibody, proteinic in nature, so it is degraded into small peptides and amino acids by the 

proteolytic enzymes.  

 

Safety and Efficacy: Ipilimumab has been approved by FDA in March 2011 as monotherapy (3mg/kg every 3 weeks 

for 4 doses) for the treatment of advanced (unresectable or metastatic) melanoma both in pre-treated or chemotherapy-

naive patients.
[38,39]

 However, mono-therapy leads to immune-related gastrointestinal adverse reactions like colitis and 

gastrointestinal perforation. However, the adverse events reported with Ipilimumab are manageable with supportive 

measures and the occasional use of systemic corticosteroids.
[40,41]

 It is generally recommended for combined treatment 

with Nivolumab or any two chemotherapy regimens.
[42,43] 

 

Tremelimumab 

Tremelimumab (formerly ticilimumab) is a fully-humanized monoclonal antibody; which is the antibody for CTLA-4. 

It is also an interleukin-2 (IL-2) stimulant. Hanson and his co-workers described the structure as an antagonist 

immunoglobulin IgG2 whose complement activation and FcγR binding is reduced, compared to IgG1 antibodies.  

Tremelimumab has a higher affinity for CTLA-4 than towards CD-28, hence effectively binding to it and avoiding 

immune suppression. It has been successfully used to treat patients with metastatic melanoma and other types of 

cancers.
[44]

 The combination therapy approach leads to the improved response, in which tremelimumab is used in 

combination with durvalumab (another anti-CTLA-4 antibody). This plays a role in activation and increase in the 

frequency of memory cells, along with an effect on T-regulatory cells and monocytes.
[45]

  

 

Pharmacokinetics: The half-life of tremelimumab is 25.6 days. It has produced promising anticancer responses in 

early clinical trials. The Phase I clinical trials indicated it increased plasma concentrations of > 10µg/ml for > 4 weeks 

after a dose of > 6mg/kg. The phase II trial showed promising efficacy for its combination at a concentration of 

15mg/kg with high dose interferon -α2b of 20MU/m2 for 5days/ week in patients with stage IV melanoma. However, a 

phase III trial of tremelimumab mono-therapy versus chemotherapy in advanced melanoma was stopped due to a lack 

of statistically significant difference in overall survival and Standard of care chemotherapy. Although the durable 
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responses observed suggest that a subset of patients with metastatic melanoma may benefit from treatment with 

tremelimumab.
[46] 

 

Safety and Efficacy: Tremelimumab monotherapy demonstrated durable antitumor response and an acceptable safety 

profile.
[47,48]

  

 

Durvalumab 

It is a human IgG1 kappa monoclonal antibody focusing on programmed cell death ligand-1 (PD-L1) that was created 

by AstraZeneca and has been affirmed by Food and Drug Administration (FDA).
[49]

 Both PD-L1 and PD-1 are co-

inhibitory molecules that block T cell-mediated immune response. Durvalumab blocks PD-L1 restricting to both PD-1 

and CD80 but does not cohere to PD-2 thus, bringing an end of tumor cells by T-cells by re-establishing T cell activity, 

thereby enhancing detection and ablation of tumor cells.  It is hastily designed to incapacitate cytotoxic effector 

capacities, for instance, antibody-reliant intervened cytotoxicity and not antibody-dependent cell mediated cytotoxicity 

(ADCC) against cells communicating PD-L1 in a concentration-dependent way in an anti-CD-3-based T-cell activation 

and a mixed lymphocyte reaction assay.
[50]

 The pharmacodynamic study indicates that the binding of durvalumab to 

PD-L1 involves both its variable heavy chain (VH) and light chain (VL).
[51]

 All of the three complementarity-

determining regions (CDRs) of VH and CDR1 and CDR3 of VL contribute to interactions with PD-L1, leaving LCDR2 

without any contacts. A detailed analysis of the interactions between durvalumab and PD-L1 shows an unbiased 

contribution from VH and VL of durvalumab in binding to PD-L1.
[52]

 As we know, blocking the binding of PD-L1 to 

PD-1 with an immune checkpoint inhibitor (anti-PD-L1 or anti-PD-1) allows the T cells to kill tumor cells, Thus, the 

molecular basis of durvalumab-based PD-1/PD-L1 blockade is that the unbiased binding of durvalumab VH and VL to 

PD-L1 provides steric clash to abrogate the binding of PD-1/PD-
L1

.
[53]

 Durvalumab has been affirmed for the therapy of 

patients with metastatic urothelial carcinoma, non-small cell lung cancer (NSCLC), and is now being assessed in many 

different solid tumors and hematological malignancies, including non-Hodgkin lymphoma (NHL), numerous myeloma 

(MM), myelodysplastic conditions (MDS), and intense myeloid leukemia (AML).
[54,55] 

 

Pharmacokinetics: Durvalumab exhibits a dose-proportional pharmacokinetic profile. It is subjected to protein 

catabolism via the reticuloendothelial system. The mean terminal half-life is 18 days with a clearance of 8.2ml/h.
[56]

 

durvalumab clearance is dependent on the concentration of albumin protein and the concentration of immunoglobulin G 

(multiple myeloma patients). As per the studies conducted by Ogasawara and his co-workers on patients with multiple 

myeloma, if the concentration of Ig G>20g/L showed a 30% decrease in the durvalumab clearance unlike when the IgG 

<20g/L.
[57]

  

 

Safety and Efficacy: Durvalumab showed clinical efficacy and a manageable safety profile in advanced non-small-cell 

lung cancer, particularly the ≥25% PD-L1+ population. Similar findings were reported by Baverel and his team stating 

a slight decrease in durvalumab clearance with time and suggested that it may be associated with a decrease in 

nonspecific protein catabolic rate amongst the cancer patients.
[58]

 The anti–PD-L1 antibody durvalumab has 

demonstrated durable clinical activity and a manageable safety profile in multiple tumor types, including metastatic 

gastric or gastro-esophageal junction cancer.
[59] 
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Atezolizumab 

Atezolizumab is a high-affinity human IgG1 monoclonal antibody, developed by Genentech as a treatment for a variety 

of hematological malignancies and solid tumors.
[60]

  It binds selectively to PD-L1 and prevents the binding of PD-L1 to 

PD-1 and B7-1, which complements the magnitude and quality of the tumor-specific T-cell responses, resulting in 

better anti-tumor activity.
[61]

 It is sold under the trade name Tecentriq, a genetically engineered IgG1 monoclonal 

antibody across the Fc area, to decrease the Fc effector function and minimize antibody-dependent cell mediated 

cytotoxicity (ADCC) thus leading to hypothetical loss of PD-L1 expressing T effector cells and consequently 

conferring anti-tumor activity.
[62,63]

 It interrupts PD-L1 and PD-1, consequently preventing T cell exhaustion, 

downstream inhibition of cytokines, and late immune response and thereby leading to increased anti-tumor activity. It 

has been approved as a first-line treatment for metastatic non-small cell lung cancer and as a second–line therapy for 

urothelial carcinoma.
[64]

 Additionally, atezolizuamb is approved in combination with carboplatin and etoposide for the 

first-line treatment of adults with extensive-stage SCLC.
[65] 

 

Pharmacokinetics: The half-life of atezolizumab is 27 days with a clearance of 0.200L/day.
[66,67]

 

 

Safety and Efficacy: Safety for atezolizumab appeared to be consistent with its known safety profile, and no new 

safety signals were reported.
[68]

 Moreover, grade 3 to 4 treatment-related adverse events were reported in 12.9% of 

patients receiving atezolizumab, compared with 44.1% of those receiving chemotherapy.[69]
 

 

DISCUSSION 

Several studies on the reciprocity between immune activation and suppression have demonstrated the important role 

that checkpoint inhibitors play in the pathogenesis of malignant tumors. Based on the literature review, checkpoint 

inhibitors have a promising future in serving as a targeted immunotherapy for a diverse range of cancers. The 

checkpoint inhibitor drugs mentioned have shown different levels of safety and efficacy in clinical trials. The 

pharmacokinetics of these checkpoint inhibitors depends on factors like clearance and position of target-mediated drug 

which involves pharmacodynamics. Both the anti-PD-1 antibodies, Nivolumab and Pembrolizumab, have a linear 

clearance which gradually decreases with time and depends on factors like gender, age, body weight, and sex.
[80,81]

  

 

Nivolumab has shown an appreciable efficacy in the treatment of various cancers like – RCC, NSCLC and melanoma; 

and Pembrolizumab gained accelerated approval for cervical cancer treatment and has shown acceptable safety in 

clinical trials. The anti-PD-L1 antibodies, Durvalumab and Atezolizumab, again show a linear clearance over a broad 

range of doses. For Atezolizumab, the clearance is stable and the rate fluctuates due to factors like body weight and 

serum albumin concentration. The clearance of Durvalumab, on the other hand, is dependent on factors like albumin, 

body weight, cancer type and gender. Durvalumab and Atezolizumab have shown moderate safety and efficacy in 

cancer immunotherapy. Although a few ADRs as mentioned in Table 1 like grade 3 and 4 adverse events were 

observed with their treatment, the incidence was lesser than in the case of chemotherapy.
[83]

 Lastly, anti-CTLA 4 

antibodies, Ipilimumab and Tremelimumab, have also shown great potential in immunotherapy. No time-varying 

clearance was observed for Tremelimumab.
[84]

 The FDA has approved Tremelimumab only for the treatment of 

Mesothelioma and has been given orphan drug designation. However, it is still surrounded by some controversy over its 

efficacy. On the other hand, Ipilimumab has shown remarkable efficacy in treating melanoma. Being proteinic it is 

easily degraded by proteolytic enzymes present in the body and has a half-life of 12-14 days. While Ipilimumab was 
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approved for monotherapy of advanced melanoma, studies have shown that Ipilimumab works best when administered 

with Nivolumab as a combination therapy.
[85]

  

 

The combination therapy of Ipilimumab and Nivolumab has shown promising safety and efficacy in recent clinical 

trials. The overall survival rate had also improved with the combination therapy. The optimum clinical benefit to 

patients can only be achieved by studying in-depth the mechanisms responsible for a robust anti-tumor response. 

Hence, more clinical trials and research in administering these drugs would pave way for checkpoint inhibitors to 

dominate the immunotherapeutic sector.  

 

Figure & Table Legends 

Figure 1: Targets of ICIs at the molecular level. It is known that not only do tumor cells quash the host’s immune 

system but also dampen the anti-tumor response of the host entirely. There are several mechanisms harnessed by the 

tumor to evade the host’s immune system, one of them being – thwarting the T-cell response. This is brought about by 

two main phases. In the primary phase, the naïve T-cells in the lymphoid organs mature and differentiate into effector 

T-cells after being introduced to cancer neo-antigens. This is meant to act as an adaptive reaction against cancer cells 

accompanied by the co-stimulatory effect of CD28 receptors with CD80/86. However, CTLA-4 receptors have a higher 

affinity for CD80/86 ligands and hence, impede the anti-tumor response of effector T-cells. In the effector phase, the T-

cells remove tumor cells by cell-to-cell communication. But this is dampened by PD-1 receptors on T-cells that interact 

with PD-L1 or PD-L2. ICIs have been designed to antagonize these reactions by competitively binding to the inhibitory 

proteins that play a role in hindering the anti-tumor response of the host.
[72] 

 

 

Figure 1.
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Table 1: Immune checkpoint inhibitors their therapeutic indication with adverse effects and pharmacokinetic parameters. 

Generic Name 
Marketing 

Holder 

Therapeutic  

Indication 
Recommended Dose (FDA) AEs/OS Clearance, Vd, Half-life 

Reference 

No 

Nivolumab 

(PD-1) 

Bristol-

Myers 

Squibb 

Melanoma 

Non-small Lung Cancer 

Renal cell carcinoma 

Classic Hodgkin 

Lymphoma 

Squamous cell cancer of 

the head and neck 

Urothelial carcinoma 

Microsatellite instability-

high mismatch repair-

deficient cancer 

Colorectal cancer 

Hepatocellular 

Carcinoma 

240 mg;  

2-weekly OR 

480 mg;  

4-weekly 

Withhold for any of the following: 

Grade 2- Pneumonitis, Diarrhea or 

Colitis, Adrenal Insufficiency 

Grade 3- Hyperglycemia, 

Encephalitis or Rash  

 

 

Permanently discontinue for any 

of the following: 

 

Grade 3 or 4 Pneumonitis, Adrenal 

Insufficiency 

Grade 4- diarrhea or Colitis, 

Hypo- physitis, Hyperglycemia 

Clearance: 9.4 mL/h.  

24, 74, 78, 

77, 79 

(Volume of distribution) Vd: 

The volume of distribution at steady 

state when a dose of 10 mg/kg of 

nivolumab is administered is 

reported to be 91.1 mL/kg. At doses 

ranging from 0.1 to 20 mg/kg the 

volume of distribution is reported to 

be 8L. 

Half-life: The serum half-life of 

nivolumab is ≈ 20 days with an 

elimination half-life of 26.7 days. 

Pembrolizumab 

(PD-1) 
Merck 

Melanoma 

 

Non-small lung cancer 

 

Squamous cell cancer of 

the head and neck 

Classical Hodgkin 

Lymphoma 

Urothelial  

Carcinoma 

Microsatellite  

Instability-high cancer 

Gastric cancer 

200 mg; 3-weekly 

Withhold for any of the following: 

Grade 2-  

Pneumonitis, Nephritis, 

Grade 2 or 3-  

Endocrinopathies 

 

Permanently discontinue for any 

of the following: 

Grade 3 or 4-  

 

Pneumonitis, Nephritis 

Grade 3 or 4 infusion related 

reactions 

 

Clearance: It is increased 

proportionally with the body weight 

and the mean clearance is registered 

to be 0.22 L/day. 

29, 33, 80, 

81 

Vd: The volume of distribution at 

steady state of pembrolizumab is 

7.5 L  

Half-life:  

The terminal half-life of 

pembrolizumab is 26 days 

 

Ipilimumab 

(CTLA-4) 

Bristol-

Myers 

Squibb 

Melanoma 

 

 

 

 

 

 

  

 

Renal cell carcinoma 

 

 

 

 

Metastatic:  

3 mg/ kg; 3-weekly  

(four doses) Adjuvant: 10 mg/ 

kg;  

3-weekly  

(four doses); followed by 12-

weekly 

(for advanced stage) 

Nivolumab 3 mg/kg 

administered intravenously 

over 30 minutes followed by 

YERVOY 1 mg/kg 

administered intravenously 

over 30 minutes on the same 

Withhold for any of the following: 

Grade 3 or 4 Rash 

 

 

Permanently discontinue for any 

of the following: 

Grade 4 Very Severe Rash 

Grade Pruritus 

Clearance: 

Ipilimumab has a clearance of 15.3 

mL/hr.  

37, 39, 75, 

82 

Vd: 

The volume of distribution at 

steady-state of ipilimumab is 7.21L. 

Half-life: 

Ipilimumab has a half-life of 14.7 

days. 
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Microsatellite 

Instability-high or 

mismatch repair-deficient 

cancer Colorectal cancer 

day, every 3 weeks for a 

maximum of 4 doses, then 

nivolumab 240 mg every 2 

weeks or 480 mg every 4 

weeks, administered 

intravenously over 30 

minutes. 

Tremelimumab 

(CTLA-4) 

Astra 

Zeneca*1 

Mesothelioma  

(Orphan Drug 

Designation) 

Investigational*3 

Skin reaction, skin rash, itching 

sensation, diarrhea, nausea, fatigue 

and immune-mediated disorders*2 

Investigational 48, 49, 84 

Durvalumab  

(PD-L1) 

Astra 

Zeneca 

Urothelial Carcinoma 

Non-small cell lung 

cancer 

10 mg/kg; 2-weekly 

 

Withhold for any of the following: 

Grade 2 Pneumonitis 

Grade 2 Hepatitis 

Permanently discontinue for any 

of the following: 

Grade 3 or 4 Pneumonitis 

Grade 3 or 4 Hepatitis (ALT or 

AST greater than 8) 

Clearance: Clearance is 8.2 mL/h 

following 365 days of initial drug 

administration 

50, 73, 78 

Vd: In patients receiving the dose 

range of ≥ 10 mg/kg every 2 weeks, 

the mean steady state volume of 

distribution (Vd) was 5.64 L. 

Half-life: The geometric mean 

terminal half-life is 18 days. 

Atezolizumab 

(PD-L1) 

Genentech/ 

Roche 

Urothelial Carcinoma 

Non-small cell lung 

cancer 

1200 mg; 3-weekly 

 

Withhold for any of the following: 

Grade 2- Pneumonitis, Colitis, 

Hepatitis 

Grade 2 or 3- Nephritis 

Permanently discontinue for any 

of the following: Grade 3 or 4- 

Pneumonitis 

Grade 4- Colitis Grade 3 or 4 

Hepatitis (ALT or AST greater 

than 8), Neurological Toxicities 

Grade 4 Nephritis with Renal 

dysfunction 

Grade 2,3 or 4 Myocarditis 

 

Clearance: The clearance is 

0.200L/day. 

66, 67, 68, 

83 

Vd: The volume of distribution is 

6.91L. 

Half-life: The half-life is 27 days. 

*1
 Manufacturer 

*2 
FDA Warning’s 

*3
 Still ongoing clinical trials- Tremelimumab has been designated as an Orphan drug for treating Mesothelioma by FDA in April, 2015. 



 

404 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

ACKNOWLEDGMENTS  

The authors would like to thank our Director, Dr. Debjani Dasgupta, and the management of the School of 

Biotechnology & Bioinformatics, Navi- Mumbai for their encouragement and support. 

 

Conflict of interest 

The authors declare that they have no conflict of interest.  

 

Funding Sources 

No Funding Sources 

 

REFERENCES  

1. Kruger S, Ilmer M, Kobold S, Cadilha B, Endres S, Ormanns S. Advances in cancer immunotheraphy 2019 – latest 

trends. J. Exp. Clin. Cancer Res, 2019; 38: 268. 

2. Jiang D, Fyles A, Nguyen L, Neel B, Sacher A, Rottapel R. Wang B, Ohashi P. and Sridhar S.  Phase I study of 

local radiation and tremelimumab in patients with inoperable locally recurrent or metastatic breast cancer. 

Oncotarget, 2019; 10 (31): 2947-2958. 

3. Rakhmilevich A.L, Felder M, Lever L, Van De Voort T, Korman A, Gillies S, Sondel P. Activation of innate and 

adaptive immunity as an effective combined strategy for cancer immunotherapy. J. Immunother. Cancer, 2015; 

http://www.immunotherapyofcancer.org/content/3/S2/P370. 

4. Zhang H, Chen J. Current status and future directions of cancer immunotherapy. J Cancer, 2018; 1773-1781. 

5. Li X, Shao C, Shi Y, Han W. Lessons learned from the blockade of immune checkpoints in cancer 

immunotherapy. J. Hematol. Oncol, 2018; 11(1): 31 

6. Kawazoea A, Yamaguchib K, Yasuic H, Negorod Y, Azumae M, Amagaif K, et. al., Safety and efficacy of 

pembrolizumab in combination with S-1 plus oxaliplatin as a first-line treatment in patients with advanced 

gastric/gastroesophageal junction cancer: Cohort 1 data from the KEYNOTE-659 phase IIb study. Eur. J. Cancer, 

2021; 129: 97-106. 

7. Ribas A, Hanson D, Noe D, Millham R, Guyot D, Bernstein S, Canniff P, Sharma A. and Gomez‐Navarro, J., 

Tremelimumab (CP‐675,206), a Cytotoxic T Lymphocyte–Associated Antigen 4 Blocking Monoclonal Antibody 

in Clinical Development for Patients with Cancer. The Oncologist, 2007; 12(7): 873-83. 

8. Comin-Anduix B, Escuin-Ordinas H. Ibarrondo FJ, Tremelimumab: research and clinical development. Onco 

Targets Ther, 2016; 1767-76. 

9. Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and Anti-CTLA-4 Therapies in Cancer: Mechanisms of Action, 

Efficacy, and Limitations. Front. Oncol, 2018; 8: 86 

10. Johnson DB, Peng C, Sosman J. Nivolumab in melanoma: latest evidence and clinical potential. Ther. Adv. Med. 

Oncol, 2015; 7(2): 97-106. 

11. Yuasa T, Masuda H, Yamamoto S, Numao N, Yonese J. Biomarkers to predict prognosis and response to 

checkpoint inhibitors. Int. J. Clin. Oncol, 2017; 22(4): 629-634. 

12. Chaudhari P. Nivolumab – Pearls of Evidence. Indian J. Med. Paediatr. Oncol, 2017; 38(04): 520-525.  

13. Guo L, Zhang H, Chen B. Nivolumab as Programmed Death-1 (PD-1) Inhibitor for Targeted Immunotherapy in 

Tumor. J. Cancer, 2017; 8(3): 410-416. 



 

405 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

14. Sundar R, Cho B, Brahmer J, Soo R. Nivolumab in NSCLC: latest evidence and clinical potential. Ther. Adv. Med. 

Oncol, 2015; 7(2): 85-96. 

15. George S, Motzer R, Hammers H, Redman B, Kuzel T, Tykodi S, Wang B, Ohashi P. and Sridhar S. Efficacy and 

safety of nivolumab in patients with metastatic renal cell carcinoma who were treated beyond progression in a 

randomized phase 2 dose-ranging trial. Eur. J. Cancer, 2015; 51: S102-103. 

16. Amin A, Plimack E, Ernstoff M, Lewis L, Bauer T, McDermott D, Carducci M, Kollmannsberger C, Rini B, Heng 

D, Knox J, Voss M, Spratlin J, Berghorn E, Yang L, Hammers H. Correction to: Safety and efficacy of nivolumab 

in combination with sunitinib or pazopanib in advanced or metastatic renal cell carcinoma: the CheckMate 016 

study. J. Immunother. Cancer, 2018; 6: 109 

17. Hammers H, Plimack E, Infante J, Rini B, McDermott D, Lewis L, Voss M, Sharma P, Pal S, Razak A, 

Kollmannsberger C, Heng D, Spratlin J, McHenry M, Amin A. Safety and Efficacy of Nivolumab in Combination 

with Ipilimumab in Metastatic Renal Cell Carcinoma: The CheckMate 016 Study. J. Clin. Oncol, 2017; 3851-3858. 

18. Vogelzang N, McFarlane J, Kochenderfer M, Molina A, Arrowsmith E, Bauer T , Hauke R, Jain R, Somer B, Lam 

E, Doshi G, Gunuganti V, Zhang J, Zhao H, Johansen J, Tykodi S. Efficacy and safety of nivolumab in patients 

with non-clear cell renal cell carcinoma (RCC): Results from the phase IIIb/IV CheckMate 374 study. Clin. 

Genitouri. Cancer, 2020; 461-468. 

19. Mazza C, Escudier B, Albiges L. Nivolumab in renal cell carcinoma: latest evidence and clinical potential. Ther. 

Adv. Med. Oncol, 2016; 9(3): 171-181. 

20. Kanai O, Kim Y, Demura Y, Kanai M, Ito T, Fujita K, Yoshida H, Akai M, Mio T, Hirai T. Efficacy and safety of 

nivolumab in non-small cell lung cancer with preexisting interstitial lung disease. Thorac. Cancer, 2018; 9(7): 847-

855. 

21. Kanda S, Goto K, Shiraishi H, Kubo E, Tanaka A, Utsumi H, Sunami K, Kitazono S, Mizugaki H, Horinouchi H, 

Fujiwara Y, Nokihara H, Yamamoto N, Hozumi H, Tamura T. Safety and efficacy of nivolumab and standard 

chemotherapy drug combination in patients with advanced non-small-cell lung cancer: a four arms phase Ib 

study. Ann. Oncol, 2016; 27(12): 2242-2250. 

22. Hellmann M, Callahan M, Awad M, Calvo E, Ascierto P, Atmaca A, Rizvi N, Hirsch F, Selvaggi G, Szustakowski 

J, Sasson A, Golhar R, Vitazka P, Chang H, Geese W, Antonia S. Tumor Mutational Burden and Efficacy of 

Nivolumab Monotherapy and in Combination with Ipilimumab in Small-Cell Lung Cancer. Cancer Cell, 2018; 

33(5): 853-61. 

23. Sekine K, Kanda S, Goto Y, Horinouchi H, Fujiwara Y, Yamamoto N, Motoi N, Ohe Y. Change in the 

lymphocyte-to-monocyte ratio is an early surrogate marker of the efficacy of nivolumab monotherapy in advanced 

non-small-cell lung cancer. Lung Cancer, 2019; 124: 179-188. 

24. Sato K, Akamatsu H, Murakami E, Sasaki S, Kanai K, Hayata A, , Tokudome N, Akamatsu K, Koh Y, Ueda H, 

Nakanishi M, Yamamoto N. Corrigendum to “Correlation between immune-related adverse events and efficacy in 

non-small cell lung cancer treated with nivolumab”. Lung Cancer, 2019; 126: 230-231. 

25. Hodi F, Chapman P, Sznol M, Lao C, Gonzalez R, Smylie M, Daniels G, Thompson J, Kudchadkar R, Sharfman 

W, Atkins M, Spigel D, Pavlick A, Monzon J, Kim K, Ernst S, Khushalani N, van Dijck W, Lobo M, Hogg D. 

Safety and efficacy of combination nivolumab plus ipilimumab in patients with advanced melanoma: results from 

a North American expanded access program (CheckMate 218). Melanoma Res, 2021; 31(2): 67-75. 



 

406 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

26. Hemstock M, Amadi A, Kupas K, Roskell N, Kotapati S, Gooden K, Gooden K, Middleton M, Schadendorf D. 

Indirect treatment comparison of nivolumab versus placebo for the adjuvant treatment of melanoma. Eur. J. 

Cancer, 2020; 132: 176-186. 

27. Khoja L, Butler M, Kang S, Ebbinghaus S, Joshua A. Pembrolizumab. J. Immunother. Cancer, 2015; 3(1): 36 

28. Dang T, Ogunniyi A, Barbee M, Drilon A. Pembrolizumab for the treatment of PD-L1 positive advanced or 

metastatic non-small cell lung cancer. Expert Rev. Anticancer Ther, 2016; 16(1): 13-20. 

29. van Vugt M, Stone J, De Greef, Snyder E, Lipka L, Turner D, Chain A, Lala M, Li M, Robey S, Kondic A, De 

Alwis D, Mayawala K, Jain L, Freshwater T. Immunogenicity of pembrolizumab in patients with advanced 

tumors. J. Immunother. Cancer, 2019; 7(1): 212. 

30. Frenel J, Le Tourneau C, O’Neil B, Ott P, Piha-Paul S, Gomez-Roca C, van Brummelen E, Rugo H, Thomas S, 

Saraf S, Rangwala R, Varga A. Safety and Efficacy of Pembrolizumab in Advanced, Programmed Death Ligand 

1–Positive Cervical Cancer: Results from the Phase Ib KEYNOTE-028 Trial. J. Clin. Oncol, 2017; 35(36): 4035-

4041. 

31. Chung H, Ros W, Delord J, Perets R, Italiano A, Shapira-Frommer R, Manzuk L, Piha-Paul S, Xu L, Zeigenfuss S, 

Pruitt S, Leary A. Efficacy and Safety of Pembrolizumab in Previously Treated Advanced Cervical Cancer: 

Results from the Phase II KEYNOTE-158 Study. J. Clin. Oncol, 2019; 37(17): 1470-1478. 

32. Borcoman E, Le Tourneau C. Pembrolizumab in cervical cancer: latest evidence and clinical usefulness. Ther. 

Adv. Med. Oncol, 2017; 9(6): 431-439. 

33. Fuchs C, Doi T, Jang R, Muro K, Satoh T, Machado M, Sun W, Jalal S, Shah M, Metges J, Garrido M, Golan T, 

Mandala M, Wainberg Z, Catenacci D, Ohtsu A, Shitara K, Geva R, Bleeker J, Ko A, Ku G, Philip P, Enzinger P, 

Bang Y, Levitan D, Wang J, Rosales M, Dalal R, Yoon H. Safety and Efficacy of Pembrolizumab Monotherapy in 

Patients with Previously Treated Advanced Gastric and Gastroesophageal Junction Cancer. JAMA Oncol, 2018; 

4(5): e180013. 

34. Fuchs C, Ohtsu A, Tabernero J, Van Cutsem E, Wang J, Lam B, Dalal R, Koshiji M, Bang Y. Preliminary safety 

data from KEYNOTE-059: Pembrolizumab plus 5-fluorouracil (5-FU) and cisplatin for first-line treatment of 

advanced gastric cancer. J. Clin. Oncol, 2016; 34: 4037. 

35. Greenwald R, Freeman G, Sharpe A. THE B7 FAMILY REVISITED. Annu. Rev. Immunol, 2005; 23(1): 515-548. 

36. Wolchok J, Hodi F, Weber J, Allison J, Urba W, Robert C, O'Day S, Hoos A, Humphrey R, Berman D, Lonberg 

N, Korman A. Development of ipilimumab: a novel immunotherapeutic approach for the treatment of advanced 

melanoma. Ann. N. Y. Acad. Sci, 2013; 1291(1): 1-13. 

37. Lipson E, Drake C. Ipilimumab: An Anti-CTLA-4 Antibody for Metastatic Melanoma. Clin. Cancer Res, 2011; 

17(22): 6958-6962. 

38. Tarhini A, Lo E, Minor D. Releasing the Brake on the Immune System: Ipilimumab in Melanoma and Other 

Tumors. Cancer Biother. Radiopharm, 2010; 25(6): 601-613. 

39. Letendre P, Monga V, Milhem M, Zakharia Y. Ipilimumab: from preclinical development to future clinical 

perspectives in melanoma. Future Oncol, 2017: 13(7): 625-636. 

40. Quirk S, Shure A, Agrawal D. Immune-mediated adverse events of anticytotoxic T lymphocyte–associated antigen 

4 antibody therapy in metastatic melanoma. Transl. Res, 2015: 166(5): 412-424. 



 

407 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

41. Mathias C, Reck M, Hellmann M, Ramalingam S, Brahmer J, O'Byrne K, Bhagavatheswaran P, Nathan F, 

Borghaei H, Paz-Ares L. PS2 CheckMate 227: Nivolumab + Ipilimumab vs Chemotherapy as 1L Treatment for 

Advanced NSCLC with High Tumor Mutational Burden. J. Thorac. Oncol, 2018; 13(9): S152-153. 

42. Ready N, Hellmann M, Awad M, Otterson G, Gutierrez M, Gainor J, Borghaei H, Jolivet J, Horn L, Mates M, 

Brahmer J, Rabinowitz I, Reddy P, Chesney J, Orcutt J, Spigel D, Reck M, O’Byrne K, Paz-Ares L, Hu W, Zerba 

K, Li X, Lestini B, Geese W, Szustakowski J, Green G, Chang H, Ramalingam S. First-Line Nivolumab Plus 

Ipilimumab in Advanced Non–Small-Cell Lung Cancer CheckMate 568: Outcomes by Programmed Death Ligand 

1 and Tumor Mutational Burden as Biomarkers. J. Clin. Oncol, 2019; 37(12): 992-1000. 

43. YERVOY 5 mg/ml concentrate for solution for infusion - Summary of Product Characteristics (SmPC) - (emc), 

Medicines.Org.Uk  https://www.medicines.org.uk/emc/product/4683#gref/; 2021 (accessed 24 October 2021). 

44. Greten T, Duffy A, Rusher O, Kerkar S, Kleiner D, Figg W et. al., Tremelimumab - A monoclonal antibody 

against CTLA-4 - in combination with local tumor ablation (TACE or RFA) in patients with hepatocellular 

carcinoma (HCC). Eur. J. Cancer, 2015; 51: S419. 

45. Santa-Maria C, Kato T, Park J, Kiyotani K, Rademaker A, Shah A, Gross L, Blanco L, Jain S, Flaum L, Tellez C, 

Stein R, Uthe R, Gradishar W, Cristofanilli M, Nakamura Y, Giles F.  A pilot study of durvalumab and 

tremelimumab and immunogenomic dynamics in metastatic breast cancer. Oncotarget, 2018; 9(27): 18985-18996. 

46. Jiang D, Fyles A, Nguyen L, Neel B, Sacher A, Rottapel R et. al., Phase I study of local radiation and 

tremelimumab in patients with inoperable locally recurrent or metastatic breast cancer. Oncotarget, 2019; 10(31): 

2947-2958. 

47. Zavala V, Kalergis A. New clinical advances in immunotherapy for the treatment of solid tumours. Immunology, 

2015; 145(2): 182-201. 

48. Drugs in R&D. Tremelimumab, 2010; 10(2): 123-32. 

49. Tarhini A, Tremelimumab: a review of development to date in solid tumors. Immunother, 2013; 5(3): 215-229  

50. Faiena I, Cummings A, Crosetti A, Pantuck A, Chamie K and Drakaki A. Durvalumab: an investigational anti-PD-

L1 monoclonal antibody for the treatment of urothelial carcinoma. Drug Des. Devel. Ther, 2018; 12: 209-215. 

51. Tan S, Liu K, Chai Y, Zhang C, Gao S, Gao G and Qi J. Distinct PD-L1 binding characteristics of therapeutic 

monoclonal antibody durvalumab. Protein Cell, 2017; 9(1): 135-139. 

52. Lee H, Lee J, Lim H, Lee S, Moon Y, Pyo H, Ryu S, Shin W and Heo Y. Molecular mechanism of PD-1/PD-L1 

blockade via anti-PD-L1 antibodies atezolizumab and durvalumab.  Sci Rep, 2017; 7(1): 5532. 

53. Massard C, Gordon M, Sharma S, Rafii S, Wainberg Z, Luke J et. al., Safety and Efficacy of Durvalumab 

(MEDI4736), an Anti–Programmed Cell Death Ligand-1 Immune Checkpoint Inhibitor, in Patients with Advanced 

Urothelial Bladder Cancer.  J. Clin Oncol, 2016; 34(26): 3119-3125. 

54. Muñoz-Unceta N, Burgueño I, Jiménez E and Paz-Ares L. Durvalumab in NSCLC: latest evidence and clinical 

potential.  Ther. Adv. Med Oncol, 2018; 10:175883591880415. 

55. Powles T, Eder J, Fine G, Braite F, Loriot Y, Cruz C. MPDL3280A (anti-PD-L1) treatment leads to clinical 

activity in metastatic bladder cancer. Nature, 2014; 515(7528): 558-562. 

56. Powles T, O'Donnell P, Massard C, Arkenau H, Friedlander T, Hoimes C. Efficacy and Safety of Durvalumab in 

Locally Advanced or Metastatic Urothelial Carcinoma. JAMA Oncol, 2017; 3(9): 172411. 

57. Shafique M, Robinson L and Antonia S. Durvalumab: a potential maintenance therapy in surgery-ineligible non-

small-cell lung cancer. Cancer Manag Res, 2018; 10: 931-940. 

https://www.medicines.org.uk/emc/product/4683#gref/


 

408 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

58. Queva C, Morrow M, Hammond S, Akimzhanov M, Babcook J, Foltz IN. Targeted binding agents against B7-H1. 

US8779108B2. https://patents.google.com/patent/US8779108B2/en/; 2019; [accessed 2 November 2021]. 

59. Ogasawara K, Newhall K, Maxwell S, Dell’Aringa J, Komashko V, Kilavuz N et. al., Population Pharmacokinetics 

of an Anti-PD-L1 Antibody, Durvalumab in Patients with Hematologic Malignancies.  Clin. Pharmaco, 2019; 

59(2): 217-227. 

60. Mezquita L and Planchard D. Durvalumab in non-small-cell lung cancer patients: current developments.  Fut. 

Oncol, 2018; 14(3): 205-222. 

61. Baverel P, Dubois V, Jin C, Zheng Y, Song X, Jin X, et. al., Population Pharmacokinetics of Durvalumab in 

Cancer Patients and Association with Longitudinal Biomarkers of Disease Status.  Clin. Pharmacol. Ther, 2018; 

103(4): 631-642. 

62. Kates M, Matoso A, Choi W, Baras A, Daniels M, Lombardo K, et. al., Adaptive Immune Resistance to 

Intravesical BCG in Non–Muscle Invasive Bladder Cancer: Implications for Prospective BCG-Unresponsive 

Trials.  Clin. Can. Res, 2021; 26(4): 882-891. 

63. Saleh R, Taha R, Sasidharan Nair V, Alajez N and Elkord E. PD-L1 Blockade by Atezolizumab Downregulates 

Signaling Pathways Associated with Tumor Growth, Metastasis, and Hypoxia in Human Triple Negative Breast 

Cancer. Cancers, 2019; 11(8): 1050. 

64. Horn L, Mansfield A, Szczęsna A, Havel L, Krzakowski M, Hochmair M, et. al., First-Line Atezolizumab plus 

Chemotherapy in Extensive-Stage Small-Cell Lung Cancer. New Engl J. Med. 

https://www.nejm.org/doi/full/10.1056/nejmoa1809064/; 2021 [Accessed 6 August 2021]. 

65. FDA Approves Genentech’s Tecentriq as a First-Line Monotherapy for Certain People with Metastatic Non-Small 

Cell Lung Cancer. https://www.gene.com/media/press-releases/14850/2020-05-18/fda-approves-genentechs-

tecentriq-as-a-f/; 2020.  [accessed 6 August 2021]. 

66. Markham A, Atezolizumab: First Global Approval. Drugs, 2016; 76(12): 1227-1232. 

67. Mohan N, Hosain S, Zhao J, Shen Y, Luo X, Jiang J et. al., Atezolizumab potentiates T cell-mediated cytotoxicity 

and coordinates with FAK to suppress cell invasion and motility in PD-L1+ triple negative breast cancer 

cells. Onco Immunol, 2019; 8(9): e1624128. 

68. Li C, Karantza V, Aktan G and Lala M. Current treatment landscape for patients with locally recurrent inoperable 

or metastatic triple-negative breast cancer: a systematic literature review.  Breast. Canc. Res, 2019; 21(1): 143 

69. Schmid P. ESMO 2018 presidential symposium—IMpassion130: atezolizumab+nab-paclitaxel in triple-negative 

breast cancer. ESMO Open, 2018; 3(6): e000453. 

70. Socinski M, Jotte R, Cappuzzo F, Orlandi F, Stroyakovskiy D, Nogami N et. al., Atezolizumab for First-Line 

Treatment of Metastatic Non-squamous NSCLC. N. Engl. J. Med, 2018; 378(24): 2288-2301. 

71. Shah N, Kelly W, Liu S, Choquette K and Spira A. Product review on the Anti-PD-L1 antibody 

atezolizumab. Hum. Vaccines Immunotherap, 2017; 14(2): 269-276. 

72. Centanni M, Moes DJ, Trocóniz IF, Ciccolini J and van Hasselt JG Clinical Pharmacokinetics and 

Pharmacodynamics of Immune Checkpoint Inhibitors. Clin Pharmacokinet, 2019; 58(7): 835-857. 

73. Imfinzi. https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761069s002lbl.pdf/; 2017 [Accessed 10 

August 2021]. 

74. Bajaj G, Wang X, Agrawal S, Gupta M, Roy A and Feng Y. Model-Based Population Pharmacokinetic Analysis of 

Nivolumab in Patients with Solid Tumors. CPT: PSP, 2016; 6(1): 58-66. 

https://patents.google.com/patent/US8779108B2/en
https://www.gene.com/media/press-releases/14850/2020-05-18/fda-approves-genentechs-tecentriq-as-a-f
https://www.gene.com/media/press-releases/14850/2020-05-18/fda-approves-genentechs-tecentriq-as-a-f
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761069s002lbl.pdf


 

409 

World Journal of Pharmaceutical Science and Research                                                        Volume 4, Issue 6, 2025 

www.wjpsronline.com 

75. Ipilimumab. http://www.bccancer.bc.ca/drug-database site/Drug%20Index/Ipilimumab_monograph.pdf/; 2012 

[accessed 10 August 2021]. 

76. Solimando D. and Waddell J. Nivolumab and Olaparib. Hos Pharma, 2015; 50(5): 356-366. 

77. Brahmer J, Hammers H and Lipson E. Nivolumab: targeting PD-1 to bolster antitumor immunity. Fut Oncol, 2015; 

11(9): 1307-1326. 

78. Imfinzi. Ema.europa.eu. https://www.ema.europa.eu/en/documents/product-information/imfinzi-epar-product-

information_en.pdf/; 2021 [accessed 10 August 2021]. 

79. Lee K, Lee D, Kang J, Park J, Kim S, Hong Y et. al., Phase I Pharmacokinetic Study of Nivolumab in Korean 

Patients with Advanced Solid Tumors.  The Oncol, 2017; 23(2): 155. 

80. Longoria T and Tewari K. Evaluation of the pharmacokinetics and metabolism of pembrolizumab in the treatment 

of melanoma.  Expert Opin Drug Metab Toxicol, 2016; 12(10): 1247-1253. 

81. Keytruda. https://s3uswest2.amazonaws.com/drugbank/cite_this/attachments/files/000/000/136/original/; 2018 

[accessed 10 August 2021]. 

82. Trinh V and Hage B. Ipilimumab for advanced melanoma: A pharmacologic perspective.  J. Oncol. Pharmc. Pract, 

2012; 19(3): 195-201. 

83. Stroh M, Winter H, Marchand M, Claret L, Eppler S, Ruppel J et. al., Clinical Pharmacokinetics and 

Pharmacodynamics of Atezolizumab in Metastatic Urothelial Carcinoma. Clin. Pharmacol. Therapeut, 2017; 

102(2): 305-312. 

84. MEDI4736 Tremelimumab in Surgically Resectable Malignant Pleural Mesothelioma. 

https://clinicaltrials.gov/ct2/show/NCT02592551; 2021 [accessed 11 August 2021]. 

85. Picardo S, Doi J and Hansen AR. Structure and Optimization of Checkpoint Inhibitors. Cancers, 2019; 12(1): 38. 

http://www.bccancer.bc.ca/drug-database
https://www.ema.europa.eu/en/documents/product-information/imfinzi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/imfinzi-epar-product-information_en.pdf
https://clinicaltrials.gov/ct2/show/NCT02592551

