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Abstract

The advent of immune checkpoint inhibitors (ICIs) has ushered in a new era in the field of cancer 
therapy, allowing for the potential of prolonged life in patients with metastatic illness, and offering 
novel therapeutic applications in the early stages of the disease. Immune checkpoint inhibitors may 
reinstate the immune system’s capacity to combat cancer cells and halt their proliferation by obstructing 
these proteins. The validity of these results is supported by sufficient clinical trial evidence, and now, 
many immune checkpoint inhibitors have been authorized by the FDA and are available on the market 
for the treatment of different kinds of malignancies. They work by inhibiting checkpoint proteins such 
as CTLA-4, PD-1, PD-L1, etc. They may be used alone or in conjunction with other cancer therapies, 
such as surgery, radiation, or chemotherapy. In this article, we offer a comprehensive review of these 
inhibitors and their significance as biomarkers, immune-related bad effects, and their relevance in 
clinical research for the treatment of different types of malignancies. Additionally, we discuss some 
potential future possibilities.
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Introduction
The immune surveillance of the tumor regulates 

and monitors the microenvironment via the innate 
and adaptive immune systems. Antigen-presenting 
cells play a crucial part in this monitoring process 
by recognizing and displaying tumor neoantigens to 
inactive T-cells. Upon exposure to the antigen, naïve 
T-cells undergo proliferation and activation, therefore 
initiating an immune response against the tumor. 
Both stimulatory and inhibitory signaling molecules 

regulate this process (1). The suppressive signals 
are sent by immunological checkpoints, including B 
and T lymphocyte attenuator (BTLA), programmed 
death protein 1 (PD-1), and cytotoxic T lymphocyte-
associated protein 4 (CTLA4) (2). CTLA-4 and PD-1 
are present on the surface of T-cells and can inhibit 
their activation. CTLA-4 is present in regulatory 
T cells (Treg cells) and assists in immunological 
suppression. PD-1 is also present on the surface of B 
cells and other cells involved in immune response (3). 
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When PD-1 interacts with its corresponding proteins, 
it can inhibit the T-cell response. Nevertheless, 
cancer cells present in the tumor microenvironment 
can evade the effects of anti-tumor mechanisms by 
activating these regulatory sites via the amplification 
of CTLA4 or PD-1/PD-L1 expression. In addition, 
they endeavor to do this via inhibiting antigen 
presentation (3).

The excessive expression of these checkpoints 
on the surface of immune cells may restrict the 
ability of the immune system to recognize and 
target cancer cells. This allows the cancer cells to 
evade examination and proliferate without restraint. 
It is a frequent occurrence in cancer cells and may 
serve as a mechanism for developing resistance 
to immunotherapy. Moreover, the immune system 
recognizes the distinct proteins or neoantigens 
produced by genetic changes in cancer cells as 
alien entities, making them potential targets for the 
immunological response to cancer (4). Nevertheless, 
there are instances when the immune system fails to 
accurately recognize neoantigens as alien, resulting 
in the cancer cells eluding immune monitoring and 
proliferating. This may happen when the immune 
system is weakened by checkpoint proteins, such 
as CTLA-4 and PD-1/PD-L1 (5). Checkpoint 
proteins restrict the activity of immune cells by 
anchoring certain ligands to the outer layer of cancer 
cells. This connection signals the immune cells to 
suppress their reaction, enabling the cancer cells to 
evade immunological assault. Immune checkpoint 
inhibitors (ICIs) enhance the effectiveness of the 
immune system in fighting cancer cells by inhibiting 
checkpoint proteins. Therefore, genetic changes in 
cancer cells may produce neoantigens that can be 
targeted for immune-mediated control of tumors (6). 
Nevertheless, the activity of the immune response 
could be restricted by checkpoint proteins. By 
inhibiting these checkpoint proteins with ICIs, it is 
possible to eradicate cancerous cells and enhance the 
effectiveness of immunotherapy. These medications 
may be used to target and inhibit the route of 
immunological checkpoints that are overexpressed, 
thus enhancing the ability of the immune system to 
detect and eliminate uncontrolled proliferating cells 
(6). This study specifically examines ICIs and their 
significance in the treatment of cancer. The origins 
of ICIs in immunotherapy may be traced back to 
the 1890s. However, its use for cancer treatment 
specifically began in the 1990s, when scientists first 
recognized the significance of immune checkpoints 
in controlling the immune response. The first ICIs 
for cancer therapy were created in the early 2000s, 
however, they were officially approved for treating 
skin cancer only around 2010 (7, 8). Since their 
introduction, ICIs have played a crucial role in the 
treatment of cancer and have had a remarkable 

effect on patient outcomes in several types of cancer, 
including melanoma, lung tumors, hepatic carcinoma, 
tumors of the head and neck, ovarian cancer, renal cell 
tumors, and others. These medications have resulted 
in enduring therapy responses and even complete 
remission in cancer patients with advanced-stage 
disease (9).

 Introduction of ICIs
Immune checkpoints are categorized as immune 

cell surface receptors that regulate the activation 
or suppression of immunological responses. CPIs 
are a kind of immunotherapy that enhances the 
immune response against tumors by blocking the 
cell surface receptors of T cells (10). This category 
of immunotherapy has been extensively studied 
and is now regarded as the most fully researched. 
It plays a crucial part in the treatment of many 
types of cancer. Two very effective strategies for 
inhibiting checkpoints that have gained significant 
popularity in the last ten years are the blockage of 
PD-1/PD-L1 and CTLA-4 molecules. Additional 
targets, including inhibitory receptors such as T-cell 
immunoglobulin and mucin 3 (Tim-3), V-domain Ig 
suppressor of T-cell activation (VISTA), lymphocyte 
activation gene 3 (Lag-3), and activating molecules 
such as OX40 (CD134) and glucocorticoid-induced 
TNFR-related protein (GITR), are currently being 
studied. The identification of T-cell-negative 
regulation by CTLA-4 served as a catalyst for the 
adoption of CTLA-4 blockage as a kind of cancer 
immunotherapy (11). The first research conducted 
by Allison et al. has shown that inhibiting CTLA-
4 in mice effectively halted tumor growth and 
facilitated the development of immunological 
memory, enabling the animals to consistently reject 
the tumor. Due to the positive results in preclinical 
models, humanized monoclonal antibodies have been 
developed to block the interaction between CTLA-4 
and its ligand (B7) in cancer patients (12). This has 
led to the initiation of clinical studies. This marked 
the beginning of a significant change in the area of 
cancer immunotherapy since it effectively stimulated 
the immune system to target tumors. The finding by 
Honjo et al. that the interaction between PD-1 and 
PD-L1 leads to T-cell fatigue sparked the concept 
of targeting this process as a novel approach in 
cancer immunotherapy, warranting more exploration 
(13). Studies conducted in preclinical models have 
shown an increase in T-cell activation and interaction 
when PD-L1 inhibition is applied. Furthermore, 
the blocking of similar nature in mice tumor 
models demonstrated an increase in the immune 
response specific to the tumor cells and resulted in 
the regression of the tumor. The positive outcomes 
shown in preclinical research regarding PD-1/PD-L1 
suppression have stimulated the creation of several 
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humanized antibodies and the initiation of clinical 
trials in individuals with advanced malignancies. 
The many classifications of these antibodies and 
their specific uses are further elaborated upon in the 
subsequent sections (13).

T cell CPIs
CTLA-4

CTLA-4 is a molecule that acts as an inhibitory 
checkpoint and is found in high levels on both activated 
T cells and Tregs. Dr. James Allison’s groundbreaking 
preclinical research showed that CTLA-4, a molecule 
similar to CD28 but with a stronger binding to B7 
ligands, effectively blocks T-cell proliferation and 
the generation of IL-2 by outperforming CD28 
binding (14). CTLA-4 expression is triggered during 
T cell activation and limits the excessive growth 
of activated T cells. Significantly, the obstruction 
of CTLA-4 interaction by using an anti-CTLA-4 
antibody to hinder the “switch-off signals” in T cells 
resulted in long-lasting T cell-mediated anti-tumor 
immune responses and tumor regression in mouse 
models (15). Following preclinical investigations, it 
was shown that the enhancement of tumor rejection 
caused by anti-CTLA-4 was due to an augmentation 
in effector CD4 and CD8 T cells, accompanied by 
a reduction in Tregs. Importantly, the effectiveness 
of anti-CTLA-4 treatment was not restricted to only 
one kind of tumor. Multiple studies done on various 
mouse tumor models showed that anti-CTLA-4 
therapy had wide-ranging effectiveness. The 
effectiveness of ipilimumab, a human monoclonal 
anti-CTLA-4 antibody, was evaluated in clinical 
studies. The results demonstrated significant clinical 
effectiveness, leading to its approval by the Food 
and Drug Administration (FDA) for the treatment 
of melanoma in 2011 (16). Significantly, a cohort of 
patients diagnosed with advanced melanoma who had 
this treatment exhibited enduring clinical responses 
and experienced long-term survival advantages 
that persisted for a period of up to 10 years. The 
clinical endorsement of ipilimumab has paved the 
way for a kind of cancer immunotherapy known 
as ICT. Since then, the discipline of Information 
and Communication Technology (ICT) has made 
significant advancements by providing long-lasting 
therapeutic advantages, such as curing patients with 
different kinds of solid malignancies, and has resulted 
in many approvals from the FDA (17).

Programmed Death 1 (PD-1)
PD-1 is a T cell inhibitory checkpoint molecule that 

acts as a checkpoint in T cells. Its role as a checkpoint 
molecule was understood with the identification of 
its ligands, programmed death ligand 1 (PD-L1) and 
PD-L2. Experiments conducted using Pd1−/− mice 
demonstrated that the interaction between PD-1 and its 

ligands is responsible for preserving T-cell tolerance 
in the peripheral regions. PD-1 binding prevents 
TCR signaling by attracting the Src homology 2 
domain-containing protein tyrosine phosphatase 1 
(SHP-1) and 2 (SHP-2) tyrosine phosphatases, which 
remove phosphate groups from molecules implicated 
in TCR signaling, such as CD3ε and ZAP-70 (18). 
PD-1 is abundantly present in T cells that have 
infiltrated tumors, particularly in T cells that are 
tired. Tumor cells and other kinds of cells inside the 
tumor, such as endothelial cells, epithelial cells, and 
myeloid cells, express PD-L1. On the other hand, 
PD-L2 is mostly expressed by antigen-presenting 
cells (APCs). Preclinical investigations have shown 
that the binding of PD-1 to PD-L1 in the tumor 
microenvironment (TME) hinders the ability of T 
cells to respond against tumors. On the other hand, 
blocking this relationship using anti-PD-1/PD-L1 
antibodies enhanced the immune response of T cells 
against tumors, resulting in the shrinkage of tumors 
in several mouse tumor models (19). Anti-PD-1 and 
anti-PD-L1 antibodies have been shown effective in 
clinical trials for several kinds of tumors, including 
melanoma, tumors of the kidney (RCC), and non-
small cell lung cancer (NSCLC). In 2014, the FDA 
granted first approval for the use of monoclonal 
anti-PD-1 antibodies to treat patients with metastatic 
melanoma. Subsequently, the FDA authorized 
additional immune checkpoint medications that 
target the PD-1/PD-L1 pathway for treating various 
kinds of tumors (20).

Pembrolizumab, a humanized IgG4 monoclonal 
antibody, was first authorized by the FDA for the 
treatment of metastatic melanoma and NSCLC. Over 
the following years, the treatment received approval 
for various types of tumors, such as squamous cell 
carcinoma of the head and neck (HNSCC), solid 
tumors with high microsatellite instability (MSI-H), 
progressed gastric cancer, cervical cancer, urothelial 
tumors, triple-negative breast cancer (TNBC), and 
tumors with the high mutational burden (TMB-H). 
The FDA has approved for pembrolizumab to be 
used in the treatment of advanced endometrial cancer 
that is MSI-H or mismatch repair-deficient (dMMR), 
based on the findings of the KEYNOTE-158 study 
(21).

Nivolumab, a completely human IgG4 monoclonal 
antibody, received FDA approval in 2014 for the 
treatment of melanoma. As a result, new uses were 
authorized for the treatment of NSCLC, renal cell 
carcinoma, Hodgkin’s lymphoma, head and neck 
squamous cell carcinoma (HNSCC), hepatocellular 
carcinoma, esophageal squamous cell carcinoma, 
pleural mesothelioma, and colorectal cancer (CRC) 
with deficient mismatch repair (dMMR) or high 
microsatellite instability (MSI-H) (22). In 2022, 
nivolumab received many successful approvals from 
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Doroshow DB, Bhalla S, Beasley MB, Sholl LM, Kerr KM, Gnjatic S, et al. PD-L1 as a biomarker of response to immune-checkpoint inhibitors. Nature reviews Clinical oncology. 2021;18(6):345-62.
Kwok G, Yau TC, Chiu JW, Tse E, Kwong Y-L. Pembrolizumab (keytruda). Human vaccines & immunotherapeutics. 2016;12(11):2777-89.
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the FDA for several indications. The combination 
of Nivolumab and LAG-3 inhibitor has received 
approval for treating unresectable or metastatic 
melanoma, after the findings of the RELATIVITY-047 
study. Furthermore, the combination of nivolumab 
and chemotherapy has been authorized as neoadjuvant 
treatment for early-stage NSCLC based on the 
findings of the CheckMate-816 trial (23). In addition, 
nivolumab has been granted permission for its use in 
conjunction with either chemotherapy or ipilimumab 
for patients diagnosed with unresectable advanced 
or metastatic esophageal squamous cell carcinoma 
(ESCC), as indicated by the CheckMate-648 study 
(24).

PD-L1 Inhibitors
PD-1 can inhibit activated immune cells by 

interacting with its ligands, PD-L1 and PD-L2. 
PD-L1, often referred to as B7-H1, is extensively 
expressed in many kinds of tumors and immune 
cells, whereas PD-L2 is mostly found in normal 
dendritic cells. Tumors may manipulate the PD-1/
PD-L1 pathway to weaken the immune response 
mediated by T-cells, resulting in the excessive 
growth of cancer cells. The comprehension of this 
interplay has become PD-L1 a compelling target for 
immunotherapy. Three PD-L1 inhibitors have been 
authorized by the FDA: atezolizumab, durvalumab, 
and avelumab (25, 26).

Atezolizumab, a humanized IgG1 anti-PD-L1 
monoclonal antibody, received approval in 2016 for 
the treatment of urothelial cancer (27). As a result 
of the higher incidence of response, the diagnosis 
was subsequently extended to include NSCLC, 
SCLC, melanoma, and hepatic carcinoma. It is 
worth mentioning that the therapy was previously 
recommended for TNBC (triple-negative breast 
cancer), but it is no longer accessible as a therapeutic 
choice due to the failure to achieve the desired 
outcome in the IMpassion130 clinical study (28, 
29). Durvalumab is a monoclonal antibody of the 
IgG1 class that specifically targets PD-L1 and was 
first authorized by the FDA for the therapeutic 
management of urothelial bladder cancer (30). 
After one year, the medication received approval 
for the treatment of stage III NSCLC and extensive 
stage SCLC (31). The FDA approved the use of 
durvalumab in conjunction with chemotherapy 
for patients diagnosed with biliary tract cancer 
(BTC) in 2022. This decision was made after the 
evaluation of the TOPAZ-1 clinical study (32).  
Avelumab, a completely human IgG1 anti-PD-L1 
monoclonal antibody, received FDA approval in 
2017. It was a significant advancement since it 
became the first therapy for metastatic Merkel cell 
carcinoma (MCC), a rare but aggressive kind of 
skin cancer (33). Subsequently, the therapy received 

approval for individuals diagnosed with urothelial 
carcinoma and renal cell carcinoma. Significant 
progress has been made in the development of novel 
CPIs for various indications (34). 

Despite the rapid progress of CPIs as a kind of 
immunotherapy, their effectiveness might be hindered 
by many hurdles and limitations. Primary resistance, 
which refers to the tumor’s lack of response to the first 
therapy, may occur in the context of CPI treatment. 
Furthermore, there might arise issues associated 
with acquired resistance, whereby the previously 
administered medicine becomes ineffective (35). 
Observations have been made in individuals with 
melanoma, indicating that around 30% initially 
exhibit a favorable response to treatment, but 
subsequently develop acquired resistance throughout 
the course of therapy. Another significant constraint 
in the use of CPIs is the emergence of immune-
related adverse events (irAEs). This particular kind 
of undesirable incident may happen either at the 
beginning or later on in the course of the treatment 
regimen, and it presents itself in various ranges and 
levels. Moreover, other biological elements might 
directly or indirectly improve or restrict the CPI’s 
performance, which will be further elaborated in the 
subsequent sections (35). 

Additional immune regulatory molecules
Aside from CTLA-4 and PD-1, several additional 

immune regulatory molecules with positive and 
negative effects have been discovered and studied 
recently as possible targets for ICT. LAG-3 is 
abundantly present in activated T cells. It interacts 
with MHC class II, galectin-3, and α-synuclein. LAG-
3 has immunosuppressive properties as it enhances 
the activity of Tregs and inhibits the function of T cells 
that carry out immune responses. LAG-3 specifically 
identifies stable MHC II: peptide complexes and 
triggers inhibitory signals via its intracellular domains 
upon attaching to them (36). Recent research has 
shown that the cytoplasmic tail of LAG-3 induces 
the separation of the tyrosine kinase, Lck, from CD4/
CD8 co-receptors, resulting in a disruption of TCR 
signaling and the deactivation of T cells. Crucially, 
the injection of anti-LAG-3 antibody enhances 
the immune response of T cells against tumors in 
preclinical models (37). T cell immunoglobulin 
and mucin-domain containing-3 (TIM-3) is a 
molecule that acts as an inhibitory immunological 
checkpoint and is found in high levels on T cells 
that are malfunctioning or fatigued. TIM-3 interacts 
with galectin-9, high-mobility group protein B1, 
phosphatidyl serine, and carcinoembryonic antigen 
cell adhesion molecules by binding. 1 Significantly, 
the simultaneous targeting of the TIM-3 and PD-1 
pathways has shown exceptional effectiveness in 
preclinical models of solid malignancies (38).

Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, Matamala L, Castillo Gutiérrez E, et al. Relatlimab and nivolumab versus nivolumab in untreated advanced melanoma. New England Journal of Medicine. 2022;386(1):24-34.
Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al. Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. New England Journal of Medicine. 2022;386(21):1973-85.
Dong Y, Sun Q, Zhang X. PD-1 and its ligands are important immune checkpoints in cancer. Oncotarget. 2017;8(2):2171.
Granier C, De Guillebon E, Blanc C, Roussel H, Badoual C, Colin E, et al. Mechanisms of action and rationale for the use of checkpoint inhibitors in cancer. ESMO open. 2017;2(2):e000213.
Markham A. Atezolizumab: first global approval. Drugs. 2016;76:1227-32.
Gutzmer R, Stroyakovskiy D, Gogas H, Robert C, Lewis K, Protsenko S, et al. Atezolizumab, vemurafenib, and cobimetinib as first-line treatment for unresectable advanced BRAFV600 mutation-positive melanoma (IMspire150): primary analysis of the randomised, double-blind, placebo-controlled, phase 3 trial. The Lancet. 2020;395(10240):1835-44.
Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim T-Y, et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. New England Journal of Medicine. 2020;382(20):1894-905.
Syed YY. Durvalumab: first global approval. Drugs. 2017;77:1369-76.
Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al. Overall survival with durvalumab after chemoradiotherapy in stage III NSCLC. New England Journal of Medicine. 2018;379(24):2342-50.
Oh D-Y, Ruth He A, Qin S, Chen L-T, Okusaka T, Vogel A, et al. Durvalumab plus gemcitabine and cisplatin in advanced biliary tract cancer. NEJM evidence. 2022;1(8):EVIDoa2200015.
Walker JW, Lebbé C, Grignani G, Nathan P, Dirix L, Fenig E, et al. Efficacy and safety of avelumab treatment in patients with metastatic Merkel cell carcinoma: experience from a global expanded access program. Journal for immunotherapy of cancer. 2020;8(1).
Apolo AB, Ellerton JA, Infante JR, Agrawal M, Gordon MS, Aljumaily R, et al. Avelumab as second-line therapy for metastatic, platinum-treated urothelial carcinoma in the phase Ib JAVELIN Solid Tumor study: 2-year updated efficacy and safety analysis. Journal for immunotherapy of cancer. 2020;8(2).
Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, adaptive, and acquired resistance to cancer immunotherapy. Cell. 2017;168(4):707-23.
Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, adaptive, and acquired resistance to cancer immunotherapy. Cell. 2017;168(4):707-23.
Maruhashi T, Sugiura D, Okazaki I-m, Okazaki T. LAG-3: from molecular functions to clinical applications. Journal for immunotherapy of cancer. 2020;8(2).
Guy C, Mitrea DM, Chou P-C, Temirov J, Vignali KM, Liu X, et al. LAG3 associates with TCR–CD3 complexes and suppresses signaling by driving co-receptor–Lck dissociation. Nature immunology. 2022;23(5):757-67.
http://Acharya N, Sabatos-Peyton C, Anderson AC. Tim-3 finds its place in the cancer immunotherapy landscape. Journal for immunotherapy of cancer. 2020;8(1).
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Unlike inhibitory checkpoint molecules, co-
stimulatory molecules present in T cells enhance T 
cell-mediated anti-tumor immune responses. ICOS 
is a chemical that boosts the effectiveness of T 
lymphocytes by enhancing their effector activities. 
Furthermore, T cell effector activity is further 
enhanced by some members of the tumor necrosis 
factor (TNF) receptor family, such as glucocorticoid-
induced TNFR-related gene (GITR), OX40, and 
4-1BB, which serve as co-stimulators (39).

Primed T cells have a high level of expression of 
4-1BB. Engaging 4-1BB with its ligand 4-1BBL 
increases the production of genes that prevent 
cell death in T cells, hence improving the long-
lasting memory responses of cytotoxic T cells (39). 
Overexpression of 4-1BBL and the use of agonistic 
monoclonal antibodies that target 4-1BB enhanced 
the immune response of CD8 T cells against tumors 
and resulted in the rejection of tumors in preclinical 
models (39).  

OX-40 is a co-stimulatory receptor that is 
expressed on T lymphocytes temporarily after they 
are activated (40). Activation of OX-40 by OX-40L 
improves the longevity of T cells and promotes the 
development of long-term memory. Furthermore, it 
hinders the activity of Tregs and the formation of 
induced Tregs. Significantly, increased levels of OX-
40L and the use of agonistic anti-OX40 antibodies 
resulted in the greater rejection of tumors in several 
mouse models (40).

Diagnostic indicators of ICI-based immunotherapy
Several biomarkers, including PD-L1 expression, 

tumour mutation burden (TMB), microsatellite 
instability, microbiota, hypoxia, interferon-gamma 
(IFN-γ), and extracellular matrix, have been identified 
as potential factors that might enhance the reaction to 
immunotherapy for individuals receiving ICIs (41).

PD-L1 expression
PD-1 is a signaling receptor that is present on 

the outer surface of T cells. PD-1 and its ligand, 
programmed cell death PD-L1, have been extensively 
investigated in clinical trials as biomarkers for 
immunotherapy based on ICIs (4). The presence of 
PD-L1 was shown to be elevated by inflammatory 
agents, namely interferon-γ, in the TME. PD-L1 
expression was also shown to hinder the protective 
function of CTLs and decrease the occurrence 
of persistent viral infections (42). Pathologists 
evaluate and quantify the PD-L1 expression using 
immunohistochemistry (IHC). One possible approach 
to enhance the immune system’s ability to combat 
tumor cells is to target the PD-1/PD-L1 connection 
using monoclonal antibodies (mAbs) (43). This may 
lead to the suppression of this interaction. Research 
done by Bellmunt et al. assessed 542 individuals with 

advanced urothelial carcinoma and determined that 
Pembrolizumab had improved survival outcomes 
and fewer adverse effects compared to treatment 
(44). The KEYNOTE-522 trial conducted a 
comparison between patients who were administered 
Pembrolizumab plus chemotherapy and patients 
who were given placebo and chemotherapy. The 
study revealed that the former group had superior 
pathological results (45). The KEYNOTE-024 trial 
demonstrated that administering a fixed dosage 
of Pembrolizumab (200 mg) resulted in increased 
overall survival (OS) and progression-free survival 
(PFS), as well as reduced treatment-related side 
events, in NSCLC patients with a PD-L1 tumor 
percentage score (TPS) of 50% or higher, compared 
to chemotherapy (45). Moreover, the findings of the 
KEYNOTE-048 study indicated that Pembrolizumab 
enhanced overall survival (OS) in patients with 
recurrent or metastatic head and neck squamous cell 
carcinoma (R/M HNSCC) as the expression of PD-
L1 increased (46). This highlights the significance of 
PD-L1 expression as an indicator of responsiveness 
to ICIs. The findings from CHECKMATE 040 have 
led to the approval of the combined medication 
of Nivolumab and Ipilimumab as a second-line 
treatment for HCC in patients who are already 
undergoing sorafenib (47).

Tumor mutation burden
Tumor mutational burden (TMB) refers to the 

number of mutations (muts) per megabase (Mb) in 
cancer cells. The threshold for TMB to be classified 
as high varies depending on the kind of tumor 
(thresholds of 10, 20, and >30 muts/Mb have been 
used in various studies). High tumor mutational 
burden (TMB-H) has been used as a promising 
biomarker to predict a substantial response to 
CPIs (48). A 2015 trial demonstrated a significant 
improvement in the objective response rate (ORR) 
and progression-free survival (PFS) among NSCLC 
patients with high tumor mutational burden (TMB-H) 
when treated with pembrolizumab. A separate trial 
demonstrated a strong correlation between the 
combination of nivolumab and ipilimumab and 
extended progression-free survival (PFS) in NSCLC 
patients with TMB-H. Furthermore, this positive 
response was sustained regardless of the absence of 
PD-L1 expression (49).

Furthermore, the KEYNOTE-158 research, which 
primarily focused on around 10 types of cancer 
(predominantly solid tumors), has shown a substantial 
treatment response in patients with TMB-H when 
treated with pembrolizumab. As a reaction, the FDA 
has approved for the use of the same medication 
in treating all solid tumors with a TMB-H of 10 or 
more mutations per megabase (50). Although both 
PD-L1 expression and TMB are used as biomarkers 

http://Watts TH. TNF/TNFR family members in costimulation of T cell responses. Annu Rev Immunol. 2005;23(1):23-68.
http://Watts TH. TNF/TNFR family members in costimulation of T cell responses. Annu Rev Immunol. 2005;23(1):23-68.
Croft M, So T, Duan W, Soroosh P. The significance of OX40 and OX40L to T‐cell biology and immune disease. Immunological reviews. 2009;229(1):173-91.
Paucek RD, Baltimore D, Li G. The cellular immunotherapy revolution: arming the immune system for precision therapy. Trends in immunology. 2019;40(4):292-309.
Shiravand Y, Khodadadi F, Kashani SMA, Hosseini-Fard SR, Hosseini S, Sadeghirad H, et al. Immune checkpoint inhibitors in cancer therapy. Current Oncology. 2022;29(5):3044-60.
http://Böger C, Behrens H-M, Krüger S, Röcken C. The novel negative checkpoint regulator VISTA is expressed in gastric carcinoma and associated with PD-L1/PD-1: A future perspective for a combined gastric cancer therapy? Oncoimmunology. 2017;6(4):e1293215.
Sadeghi Rad H, Bazaz SR, Monkman J, Ebrahimi Warkiani M, Rezaei N, O'Byrne K, et al. The evolving landscape of predictive biomarkers in immuno‐oncology with a focus on spatial technologies. Clinical & translational immunology. 2020;9(11):e1215.
Bellmunt J, De Wit R, Vaughn DJ, Fradet Y, Lee J-L, Fong L, et al. Pembrolizumab as second-line therapy for advanced urothelial carcinoma. New England Journal of Medicine. 2017;376(11):1015-26.
Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al. Pembrolizumab for early triple-negative breast cancer. New England Journal of Medicine. 2020;382(9):810-21.
Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al. Pembrolizumab for early triple-negative breast cancer. New England Journal of Medicine. 2020;382(9):810-21.
Burtness B, Harrington KJ, Greil R, Soulières D, Tahara M, de Castro G, et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. The Lancet. 2019;394(10212):1915-28.
Yau T, Kang Y-K, Kim T-Y, El-Khoueiry AB, Santoro A, Sangro B, et al. Efficacy and safety of nivolumab plus ipilimumab in patients with advanced hepatocellular carcinoma previously treated with sorafenib: the CheckMate 040 randomized clinical trial. JAMA oncology. 2020;6(11):e204564-e.
Sha D, Jin Z, Budczies J, Kluck K, Stenzinger A, Sinicrope FA. Tumor mutational burden as a predictive biomarker in solid tumors. Cancer discovery. 2020;10(12):1808-25.
Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al. Mutational landscape determines sensitivity to PD-1 blockade in non–small cell lung cancer. Science. 2015;348(6230):124-8.
Marabelle A, Fakih M, Lopez J, Shah M, Shapira-Frommer R, Nakagawa K, et al. Association of tumour mutational burden with outcomes in patients with select advanced solid tumours treated with pembrolizumab in KEYNOTE-158. Annals of oncology. 2019;30:v477-v8.
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to determine the effectiveness of CPIs, they do not 
exhibit a significant correlation in the majority of 
cancer types. Furthermore, they seem to function 
via separate processes to govern the response. 
While some data is suggesting that TMB may be a 
more reliable indicator of how well a patient would 
respond to CPIs compared to PD-L1 expression, the 
overall effectiveness of TMB in all types of solid 
tumors is uncertain and requires more research. For 
instance, individuals with glioma who have a low 
tumor mutational burden (TMB-L) but not a TMB-H 
have shown a positive response to CPIs. Although 
TMB has achieved a noteworthy achievement in 
predicting response to CPIs, there is still a need for a 
more dependable and all-encompassing biomarker(s) 
that has not been fulfilled (51).

Microbiota
The human body harbors microbiota in several 

regions, with notable concentrations in the skin, 
saliva, and gastrointestinal tract. The microbiome has 
the ability to impact ICIs treatment by modulating 
the immune system (52). A research conducted in 
live mice with CT26 tumors shown that a high level 
of microbial diversity may significantly enhance the 
response to ICIs by boosting the release of IL-2 and 
IFN- compared to animals treated with antibiotics (53). 
Consequently, there is a proposal suggesting that the 
microbiome can improve the immune response, trigger 
inflammation, or disturb the equilibrium between cell 
growth and cell death, ultimately leading to an increase 
in tumor formation (53). According to reports, the gut 
microbiota triggers T cell-mediated responses, leading 
to the specific attack on tumor cells. In addition, 
melanoma patients who received anti-PD-L1 treatment 
had elevated levels of Bifdobacterium longum, 
Collinsella aerofaciens, and Enterococcus faecium, 
underscoring the significance of the microbiome (54). 
Zheng et al. recently published a study documenting 
dynamic changes in the gut microbiota of patients 
with HCC undergoing immunotherapy. Furthermore, 
the metagenomic sequencing data revealed a greater 
abundance of higher taxa in the fecal samples of 
patients who responded to immunotherapy, as opposed 
to those who did not react. This emphasizes the 
significance of the microbiome in controlling immune 
responses (55).

Extracellular matrix
The extracellular matrix (ECM) is a complex 

structure made up of large molecules outside of 
cells that offer biochemical assistance for tissues. 
Desmoplasia, also known as the proliferation of 
connective tissue, has been associated with a worse 
prognosis in patients with solid tumors (56). This is 
because there is a significant increase in collagen 
and fibroblast infiltration inside the TME. Stiffness 

is the main differentiating factor between normal 
and malignant ECM. Metalloproteases (MMPs) 
have the ability to degrade components of the ECM 
and produce smaller fragments of large molecules 
(57). These fragments may exhibit either pro- or 
anti-tumorigenic effects in certain forms of cancer. 
Consequently, fragments generated from collagen 
IV, such as tetrastatin, canstatin, and tumstatin, 
can decrease the invasiveness and proliferative 
characteristics of tumor cells by attaching to integrins 
(α3β1, α5β1, or αVβ3). In addition, Lysyl oxidase 
(LOX) hinders the movement of T cells to ECM 
and dampens the immunological response. The KPC 
model was employed to illustrate that the inhibition of 
LOX may enhance the infiltration of T cells, thereby 
leading to improved reaction rates to immunotherapy 
based on ICIs (58, 59).

New formulations of immune checkpoint inhibitors
Combining immune checkpoint drugs with chemotherapy

Clinical studies are now evaluating many 
combinations of ICT and chemotherapy regimens 
for the treatment of different types of malignancies. 
The phase III CheckMate 648 study, which 
included 970 patients with advanced, recurring, or 
metastatic esophageal squamous cell carcinoma, 
demonstrated that the combination of nivolumab 
with chemotherapy treatment resulted in a substantial 
improvement in OS as compared to chemotherapy 
alone (60). Moreover, clinical studies that have 
administered the combination of immunotherapy 
and chemotherapy to patients with NSCLC have 
shown a noteworthy increase in survival rates. The 
findings of the CheckMate 816 trial, which focused 
on patients with resectable NSCLC, demonstrated 
that the addition of neoadjuvant nivolumab alongside 
platinum-based chemotherapy resulted in enhanced 
event-free survival and a higher rate of pathological 
complete response. Specifically, 24% of patients 
in the combination group achieved a pathological 
complete response, compared to only 2.2% of 
patients who received chemotherapy alone (24).

These results provide a compelling justification to 
utilize this combination as the first therapy choice 
for individuals with advanced NSCLC. Furthermore, 
the use of carboplatin and etoposide in conjunction 
with anti-PD-L1 (atezolizumab) led to a notable 
enhancement in the median OS duration, increasing 
from 10.3 months (in the placebo group) to 12.3 
months in the treatment group. This positive outcome 
prompted the FDA to approve the combination 
as the first treatment option for small cell lung 
cancer (SCLC) (61). It is important to mention that 
atezolizumab was granted rapid authorization by 
the FDA as an initial treatment for individuals with 
metastatic urothelial carcinoma, according to the 
findings of the IMvigor210 trial. However, recently 
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Xu X, Lv J, Guo F, Li J, Jia Y, Jiang D, et al. Gut microbiome influences the efficacy of PD-1 antibody immunotherapy on MSS-type colorectal cancer via metabolic pathway. Frontiers in Microbiology. 2020;11:814.
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Brassart-Pasco S, Brézillon S, Brassart B, Ramont L, Oudart J-B, Monboisse JC. Tumor microenvironment: extracellular matrix alterations influence tumor progression. Frontiers in oncology. 2020;10:397.
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Doki Y, Ajani JA, Kato K, Xu J, Wyrwicz L, Motoyama S, et al. Nivolumab combination therapy in advanced esophageal squamous-cell carcinoma. New England Journal of Medicine. 2022;386(5):449-62.
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released findings from the phase III IMvigor130 trial 
(NCT02807636) demonstrated that the combination 
of atezolizumab and chemotherapy did not enhance 
overall survival when compared to chemotherapy 
alone. Further assessment is needed to evaluate the 
immunosuppressive influence of chemotherapy, 
taking into account factors such as dosage and timing. 
This evaluation should be conducted in appropriate 
preclinical studies that focus on particular tumor 
types, to enhance the effectiveness of combining 
chemotherapy with immunotherapy (62). 

Immunological checkpoint inhibitors and radiation
Immuno-oncologic methods have the potential to 

improve radiation therapy in cancer treatment, and 
vice versa. Radiotherapy has a double impact on the 
tumor cells. It not only directly impacts the tumor 
cells but also modifies the immune environment in 
the TME (63). This is achieved by releasing tumor 
antigens, triggering a type I interferon (IFN) response, 
and enhancing the infiltration of effector CD8 T cells. 
Regrettably, the clinical studies including patients 
with metastatic NSCLC, metastatic head and neck 
squamous cell carcinoma, and Merkel cell carcinoma 
did not demonstrate any therapeutic effectiveness 
when radiation was combined with immune 
checkpoint inhibition. Nevertheless, significant 
pathological reactions showed up among individuals 
with early-stage NSCLC when stereotactic body 
radiotherapy was combined with neoadjuvant 
durvalumab. This indicates that the effectiveness of 
radiation when combined with immune checkpoint 
inhibition may vary depending on the stage of the 
illness and the timing of therapy (64, 65).

Immune checkpoint inhibitors with oncolytic viruses
Utilizing various methods, such as oncolytic viruses 

(OVs), to enhance the immune response has become 
increasingly popular. OVs offer a distinct advantage by 
specifically targeting cancer cells, replicating within 
them, and causing their destruction. This process also 
leads to the release of tumor-specific antigens, which 
trigger IFN signaling and create an inflammatory 
TME (66). Currently, there is just one medication 
called talimogene laherparepvec (T-VEC) that has 
been licensed by the FDA to treat the symptoms 
of individuals with advanced melanoma. T-VEC 
is a therapy that utilizes the herpes simplex virus 1 
(HSV-1). The Phase 1b research, which combined 
T-VEC with anti-CTLA4 in incurable melanoma, 
demonstrated a substantial improvement in overall 
response rate (ORR) compared to ipilimumab alone. 
The ORR was 39% with the combination therapy, 
whereas it was only 18% with ipilimumab alone. The 
responses were observed in both the injected skin and 
visceral lesions (67).

Nevertheless, the recent phase 3 MASTERKEY-265 

research, which had a larger sample size, compared 
the efficacy of T-VEC with pembrolizumab as 
a single agent. The study revealed an enhanced 
overall response rate (48.6% vs. 41.3%). However, it 
failed to achieve its main objectives of progression-
free survival (PFS) and OS. Thorough correlation 
analyses of the tissues are necessary to evaluate how 
OVs affect immune modulation, the impact of long-
term interferon stimulation, the selection of ICT, 
and the design of the clinical trial. These factors are 
crucial in comprehending the underlying causes for 
the absence of survival advantages, despite observed 
responses with this logical combination (68).

Combining immune checkpoint inhibitors with operation
The administration of systemic treatments to attain 

pathological reactions and enable the operation is 
well-recognized in several kinds of tumors, such as 
the application of neoadjuvant chemotherapy for the 
management of breast cancer or urothelial carcinoma. 
Moreover, the neoadjuvant condition enables the 
analysis of the whole tumor specimen, which 
offers enough tissue for comprehensive immune 
surveillance to determine the fundamental causes of 
both treatment response and resistance. During our 
presurgical clinical study of ipilimumab in individuals 
with bladder cancer, we observed the presence of 
ICOShiCD4 T cells in tumor tissues and later in the 
bloodstream. This finding establishes ICOShiCD4 T 
cells as a pharmacodynamic marker for anti-CTLA-4 
treatment (69). Further investigations have verified the 
practical significance of the ICOS/ICOSL pathway in 
reaction to anti-CTLA-4 treatment, which supports the 
idea of combining therapies (69).

Neoadjuvant ICT has shown encouraging efficacy 
in several kinds of tumors, such as high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive 
early breast cancer, non-small cell lung cancer, and 
muscle-invasive bladder cancer. Research indicates 
that the timing of information and communication 
technology (ICT) about surgery has an impact on the 
body’s reactions. In mouse models of spontaneously 
breast cancer metastasis, neoadjuvant anti-PD-1 
treatment significantly decreased the spread of cancer 
to other parts of the body (70). This effect was not seen 
with adjuvant immunotherapy, which suggests that 
the prolonged reaction of tumor-specific CD8 T cells 
may be responsible for the reduction in metastases. 
This response may be linked to the discharge of tumor 
antigens caused by surgery. However, ICT has shown 
advantages in the adjuvant treatment of some kinds of 
tumors, including melanoma and NSCLC. However, 
there is inconsistent evidence about its effectiveness in 
other tumor types, like renal cancer (71). 

Immune-related toxic reactions to ICIs
The immunological response to ICIs exhibits 
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variability, distinct from the response seen with 
conventional chemotherapy. A multitude of 
folks encounter adverse consequences, including 
weariness, dermatological eruptions, and colitis 
(inflammation of the colon). Certain individuals may 
encounter a strong response, known as an immune-
related adverse event (irAE) (72). irAEs may have 
a profound influence on several organs, including 
the gastrointestinal system, skin, liver, endocrine 
glands, myocarditis, and others. The incidence of 
adverse events resulting from irAEs caused by ICIs 
varies depending on the particular medication and 
the individual patient’s health profile. The predicted 
fatality rate associated with these medicines ranges 
from 0.3% to 1.3%. Severe or negative side effects 
from immunotherapy medications often manifest early 
in the course of treatment and may be significant (73). 
Nevertheless, the risk associated with this treatment 
is relatively reduced in comparison to other medical 
interventions like as chemotherapy or stem cell 
transplantation. The kind of adverse effects may also 
differ depending on the specific mix of medications 
used. Colon inflammation-related mortality is more 
prevalent among patients undergoing treatment with 
anti-CTLA-4 medications, while mortality due to 
lung inflammation is more common in individuals 
getting anti-PD-1 or anti-PD-L1 therapies (73).

Adverse events (irAEs) resulting from the delivery 
of anti-CTLA-4 antibodies occur in sixty percent 
of patients who receive treatment and might vary 
in severity. Out of them, a significant proportion 
of ten to thirty percent of individuals encounter 
severe (grade 3-4) irAEs. The incidence of irAEs 
is directly proportional to the dosage, meaning that 
larger dosages are more likely to result in a greater 
occurrence of negative side effects. The majority 
of grade ≥ 3 irAEs occur within 8-12 weeks after 
starting the medication. The occurrence of skin rash 
occurs earliest, whereas diarrhea and/or colitis are 
the most common irAEs resulting from the delivery 
of anti-CTLA-4 antibodies. Additional toxicities 
include endocrinopathies, hepatotoxicity, and 
infrequent toxicities like neuropathies, autoimmune 
thrombocytopenia, and syndromes resembling 
Stevens-Johnson syndrome. Neurological irAEs 
manifest in 3.8% of patients receiving anti-CTLA-4 
antibodies, with serious side effects of grade ≥ 3 
occurring in fewer than 1% of individuals (74).

Anti-PD-1 antibodies had a lower occurrence of 
irAEs compared to anti-CTLA-4 antibodies. The 
majority of Anti-PD-1-related irAEs occur during the 
first 6 months after initiating medication treatment. 
Typical side effects (seen by fewer than 25% of 
patients) include skin rash, tiredness, joint pain, 
headache, itching, diarrhea, inflammation of the 
colon, inflammation of the lungs, liver inflammation, 
and hormonal disorders. The incidence of grade ≥ 3 

irAEs is around 10% in patients treated with anti-
PD-1 medicines, however, it may reach up to 30% 
in patients treated with anti-CTLA-4 antibodies. 
Neurological irAEs manifest in around 2.9% of 
patients who undergo anti-PD1 medication (75). 
Nevertheless, the occurrence of cutaneous, hepatic, 
and pulmonary-related irAEs is more common when 
administering anti-PD1 antibodies compared to anti-
CTLA4 antibodies. Conversely, thyroid and lower 
digestive tract irAEs, such as colitis, are more prevalent 
with anti-CTLA4 antibody administration. There is a 
suggestion that tailored immunosuppression, using 
anti-PD-1 antibodies together with antibodies that 
target specific inflammatory mediators, might prevent 
the worsening of autoimmune illnesses. This can 
be done without affecting the effectiveness of anti-
PD-1 medications. In the event of irAEs, one might 
consider attempting the management, monitoring, 
and withdrawal of the medicines (75).

Outlook and conclusion 
ICIs, or immune checkpoint inhibitors, function in 

collaboration with the immune system and represent a 
significant advancement in the field of cancer therapy. 
They assist in bolstering and intensifying the body’s 
innate immunological response to cancer, resulting in 
an enhanced anti-tumor reaction. These medications 
have completely transformed the approach to cancer 
treatment, and they possess the capacity to further 
influence patient outcomes substantially in the future. 
Nevertheless, similar to other cancer therapies, ICIs 
may result in adverse effects, including immune-
related adverse events (irAEs) such colitis, hepatitis, 
and dermatological responses. These adverse effects 
may often be controlled with timely identification and 
intervention. The potential of ICIs in cancer therapy is 
very promising for the future (76).

Nevertheless, despite the notable efficacy of 
ICIs in cancer treatment, there are instances when 
their effectiveness may be limited or malignancies 
may develop resistance to ICIs, necessitating 
the use of alternate therapeutic strategies. This 
encompasses tumors characterized by a low TMB, 
low expression of PD-L1, an immunosuppressive 
tumor microenvironment, or alternate mechanisms 
of immune evasion. Cancers characterized by a low 
TMB, such as particular forms of breast and prostate 
cancers, may lack a sufficient number of neoantigens 
(antigens resulting from tumor-specific mutations) to 
elicit a strong immune response. Similarly, tumors 
with low expression of PD-L1 are not effectively 
responsive to PD-1/PD-L1 inhibitors. The presence of 
regulatory T cells, myeloid-derived suppressor cells, 
and other immune-suppressive components in tumors 
with an immunosuppressive microenvironment 
hampers the efficacy of ICIs (77).

Targeted, combined, adoptive, or vaccine-based 
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therapy may be beneficial in such instances. The 
combination of ICIs with other treatments, including 
chemotherapy, radiation, specific treatments, or 
other immunotherapies, might potentially improve 
the overall therapeutic response. It can additionally 
involve focusing on a pair or group of ICIs. The 
concurrent use of ICIs with numerous therapeutic 
agents is a very active area of research and clinical 
advancement in the area of cancer immunotherapy. 
The objective is to combine several methods of action, 
amplify the total immune response against tumors to 
combat resistance and increase the results for patients. 
This has been well evaluated elsewhere (78). 

This study primarily examined CTLA-4, PD-1, and 
PD-L1, but it also identified other potential targets 
for ICIs that show promise. Some examples of these 
are LAG-3, TTIM-3, TTIGIT, VVISTA, and B7-H3 
inducible T cell costimulatory (ICOS) (79).  Clinical 
studies are being conducted to test inhibitors that 
target these receptors. However, the effectiveness 
of these inhibitors may change depending on the 
specific kind of cancer and the characteristics of the 
patients. Therefore, it is crucial to conduct thorough 
clinical trials to evaluate the safety and effectiveness 
of these inhibitors (78).

In the future, research on ICIs is anticipated 
to progress further, resulting in the creation of 
immunotherapies that are both more efficient and 
safer. Future research is expected to concentrate on 
novel inhibitor development, combination treatment, 
and exploration of unexplored malignancies. In 
addition, the efficacy of  ICIs might differ across 
patients, and scientists are investigating methods 
to distinguish individuals who react positively to 
ICIs from those who do not. This might potentially 
result in the advancement of individualized medical 
strategies, whereby patients are administered the most 
probable medication to yield positive outcomes for 
them. Furthermore, the identification of biomarkers 
that may accurately predict the response to these 
medicines has the potential to inform treatment 
choices and ultimately improve patient outcomes.

Authors’ Contribution
Akram Sadat Ahmadi and Atefeh Valaei were 

involved in the conceptualization, design and 
writing of the manuscript draft. The authors read and 
confirmed the final manuscript.

Funding
This study did not get any financial support from 

other sources.

Data Availability Statement
Not applicable.

Conflicts of Interest

The authors declare no conflict of interest.

References 
1.Alturki NA. Review of the immune checkpoint inhibitors 

in the context of cancer treatment. Journal of Clinical 
Medicine. 2023;12(13):4301.

2.Kennedy R, Celis E. Multiple roles for CD4+ T cells in 
anti‐tumor immune responses. Immunological reviews. 
2008;222(1):129-44.

3.Fife BT, Bluestone JA. Control of peripheral T‐cell 
tolerance and autoimmunity via the CTLA‐4 and PD‐1 
pathways. Immunological reviews. 2008;224(1):166-82.

4.Shiravand Y, Khodadadi F, Kashani SMA, Hosseini-Fard 
SR, Hosseini S, Sadeghirad H, et al. Immune checkpoint 
inhibitors in cancer therapy. Current Oncology. 
2022;29(5):3044-60.

5.Postow MA, Callahan MK, Wolchok JD. Immune 
checkpoint blockade in cancer therapy. Journal of 
clinical oncology. 2015;33(17):1974-82.

6.Robert C. A decade of immune-checkpoint inhibitors 
in cancer therapy. Nature communications. 
2020;11(1):3801.

7.Smolle MA, Calin HN, Pichler M, Calin GA. 
Noncoding RNA s and immune checkpoints—Clinical 
implications as cancer therapeutics. The FEBS journal. 
2017;284(13):1952-66.

8.Velcheti V, Punekar SR. Handbook of Cancer Treatment-
Related Symptoms and Toxicities: Elsevier Health 
Sciences; 2021.

9.Sasidharan Nair V, Elkord E. Immune checkpoint 
inhibitors in cancer therapy: a focus on T‐regulatory 
cells. Immunology and cell biology. 2018;96(1):21-33.

10.Sharma P, Goswami S, Raychaudhuri D, Siddiqui 
BA, Singh P, Nagarajan A, et al. Immune checkpoint 
therapy—current perspectives and future directions. 
Cell. 2023;186(8):1652-69.

11.Baxevanis CN. Immune Checkpoint Inhibitors in Cancer 
Therapy—How Can We Improve Clinical Benefits? : 
MDPI; 2023. p. 881.

12.Xu Y, Fu Y, Zhu B, Wang J, Zhang B. Predictive 
biomarkers of immune checkpoint inhibitors-related 
toxicities. Frontiers in Immunology. 2020;11:2023.

13.Iwai Y, Terawaki S, Honjo T. PD-1 blockade inhibits 
hematogenous spread of poorly immunogenic tumor 
cells by enhanced recruitment of effector T cells. 
International immunology. 2005;17(2):133-44.

14.Leach DR, Krummel MF, Allison JP. Enhancement 
of antitumor immunity by CTLA-4 blockade. Science. 
1996;271(5256):1734-6.

15.Van Elsas A, Hurwitz AA, Allison JP. Combination 
immunotherapy of B16 melanoma using anti–cytotoxic 
T lymphocyte–associated antigen 4 (CTLA-4) and 
granulocyte/macrophage colony-stimulating factor 
(GM-CSF)-producing vaccines induces rejection of 
subcutaneous and metastatic tumors accompanied 
by autoimmune depigmentation. The Journal of 
experimental medicine. 1999;190(3):355-66.

16.Quezada SA, Peggs KS, Curran MA, Allison JP. CTLA4 
blockade and GM-CSF combination immunotherapy 
alters the intratumor balance of effector and regulatory 
T cells. The Journal of clinical investigation. 
2006;116(7):1935-45.

17.Schadendorf D, Hodi FS, Robert C, Weber JS, Margolin 

Naidoo J, Page D, Li BT, Connell LC, Schindler K, Lacouture ME, et al. Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies. Annals of Oncology. 2015;26(12):2375-91.
Triebel F, Jitsukawa S, Baixeras E, Roman-Roman S, Genevee C, Viegas-Pequignot E, et al. LAG-3, a novel lymphocyte activation gene closely related to CD4. The Journal of experimental medicine. 1990;171(5):1393-405.
Naidoo J, Page D, Li BT, Connell LC, Schindler K, Lacouture ME, et al. Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies. Annals of Oncology. 2015;26(12):2375-91.


Akram Sadat Ahmadi et al

10

Advanced Therapies Journal

K, Hamid O, et al. Pooled analysis of long-term survival 
data from phase II and phase III trials of ipilimumab in 
unresectable or metastatic melanoma. Journal of clinical 
oncology. 2015;33(17):1889-94.

18.Dermani FK, Samadi P, Rahmani G, Kohlan AK, 
Najafi R. PD‐1/PD‐L1 immune checkpoint: potential 
target for cancer therapy. Journal of cellular physiology. 
2019;234(2):1313-25.

19.Baraibar I, Melero I, Ponz-Sarvise M, Castanon E. 
Safety and tolerability of immune checkpoint inhibitors 
(PD-1 and PD-L1) in cancer. Drug safety. 2019;42:281-
94.

20.Doroshow DB, Bhalla S, Beasley MB, Sholl LM, Kerr 
KM, Gnjatic S, et al. PD-L1 as a biomarker of response 
to immune-checkpoint inhibitors. Nature reviews 
Clinical oncology. 2021;18(6):345-62.

21.Kwok G, Yau TC, Chiu JW, Tse E, Kwong Y-L. 
Pembrolizumab (keytruda). Human vaccines & 
immunotherapeutics. 2016;12(11):2777-89.

22.Barbee MS, Ogunniyi A, Horvat TZ, Dang T-O. 
Current status and future directions of the immune 
checkpoint inhibitors ipilimumab, pembrolizumab, and 
nivolumab in oncology. Annals of Pharmacotherapy. 
2015;49(8):907-37.

23.Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, 
Matamala L, Castillo Gutiérrez E, et al. Relatlimab and 
nivolumab versus nivolumab in untreated advanced 
melanoma. New England Journal of Medicine. 
2022;386(1):24-34.

24.Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi 
T, Awad MM, et al. Neoadjuvant nivolumab plus 
chemotherapy in resectable lung cancer. New England 
Journal of Medicine. 2022;386(21):1973-85.

25.Dong Y, Sun Q, Zhang X. PD-1 and its ligands are 
important immune checkpoints in cancer. Oncotarget. 
2017;8(2):2171.

26.Granier C, De Guillebon E, Blanc C, Roussel H, 
Badoual C, Colin E, et al. Mechanisms of action and 
rationale for the use of checkpoint inhibitors in cancer. 
ESMO open. 2017;2(2):e000213.

27.Markham A. Atezolizumab: first global approval. 
Drugs. 2016;76:1227-32.

28.Gutzmer R, Stroyakovskiy D, Gogas H, Robert C, 
Lewis K, Protsenko S, et al. Atezolizumab, vemurafenib, 
and cobimetinib as first-line treatment for unresectable 
advanced BRAFV600 mutation-positive melanoma 
(IMspire150): primary analysis of the randomised, 
double-blind, placebo-controlled, phase 3 trial. The 
Lancet. 2020;395(10240):1835-44.

29.Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, 
Kim T-Y, et al. Atezolizumab plus bevacizumab in 
unresectable hepatocellular carcinoma. New England 
Journal of Medicine. 2020;382(20):1894-905.

30.Syed YY. Durvalumab: first global approval. Drugs. 
2017;77:1369-76.

31.Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami 
S, Hui R, et al. Overall survival with durvalumab after 
chemoradiotherapy in stage III NSCLC. New England 
Journal of Medicine. 2018;379(24):2342-50.

32.Oh D-Y, Ruth He A, Qin S, Chen L-T, Okusaka T, Vogel 
A, et al. Durvalumab plus gemcitabine and cisplatin 
in advanced biliary tract cancer. NEJM evidence. 
2022;1(8):EVIDoa2200015.

33.Walker JW, Lebbé C, Grignani G, Nathan P, Dirix L, 
Fenig E, et al. Efficacy and safety of avelumab treatment 
in patients with metastatic Merkel cell carcinoma: 
experience from a global expanded access program. 
Journal for immunotherapy of cancer. 2020;8(1).

34.Apolo AB, Ellerton JA, Infante JR, Agrawal M, 
Gordon MS, Aljumaily R, et al. Avelumab as second-
line therapy for metastatic, platinum-treated urothelial 
carcinoma in the phase Ib JAVELIN Solid Tumor study: 
2-year updated efficacy and safety analysis. Journal for 
immunotherapy of cancer. 2020;8(2).

35.Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. 
Primary, adaptive, and acquired resistance to cancer 
immunotherapy. Cell. 2017;168(4):707-23.

36.Maruhashi T, Sugiura D, Okazaki I-m, Okazaki T. LAG-
3: from molecular functions to clinical applications. 
Journal for immunotherapy of cancer. 2020;8(2).

37.Guy C, Mitrea DM, Chou P-C, Temirov J, Vignali KM, 
Liu X, et al. LAG3 associates with TCR–CD3 complexes 
and suppresses signaling by driving co-receptor–Lck 
dissociation. Nature immunology. 2022;23(5):757-67.

38.Acharya N, Sabatos-Peyton C, Anderson AC. Tim-3 
finds its place in the cancer immunotherapy landscape. 
Journal for immunotherapy of cancer. 2020;8(1).

39.Watts TH. TNF/TNFR family members in costimulation 
of T cell responses. Annu Rev Immunol. 2005;23(1):23-
68.

40.Croft M, So T, Duan W, Soroosh P. The significance of 
OX40 and OX40L to T‐cell biology and immune disease. 
Immunological reviews. 2009;229(1):173-91.

41.Paucek RD, Baltimore D, Li G. The cellular 
immunotherapy revolution: arming the immune 
system for precision therapy. Trends in immunology. 
2019;40(4):292-309.

42.Böger C, Behrens H-M, Krüger S, Röcken C. The novel 
negative checkpoint regulator VISTA is expressed in 
gastric carcinoma and associated with PD-L1/PD-1: A 
future perspective for a combined gastric cancer therapy? 
Oncoimmunology. 2017;6(4):e1293215.

43.Sadeghi Rad H, Bazaz SR, Monkman J, Ebrahimi 
Warkiani M, Rezaei N, O’Byrne K, et al. The evolving 
landscape of predictive biomarkers in immuno‐oncology 
with a focus on spatial technologies. Clinical & 
translational immunology. 2020;9(11):e1215.

44.Bellmunt J, De Wit R, Vaughn DJ, Fradet Y, Lee J-L, 
Fong L, et al. Pembrolizumab as second-line therapy for 
advanced urothelial carcinoma. New England Journal of 
Medicine. 2017;376(11):1015-26.

45.Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, 
Bergh J, et al. Pembrolizumab for early triple-negative 
breast cancer. New England Journal of Medicine. 
2020;382(9):810-21.

46.Burtness B, Harrington KJ, Greil R, Soulières D, Tahara 
M, de Castro G, et al. Pembrolizumab alone or with 
chemotherapy versus cetuximab with chemotherapy for 
recurrent or metastatic squamous cell carcinoma of the 
head and neck (KEYNOTE-048): a randomised, open-
label, phase 3 study. The Lancet. 2019;394(10212):1915-
28.

47.Yau T, Kang Y-K, Kim T-Y, El-Khoueiry AB, Santoro 
A, Sangro B, et al. Efficacy and safety of nivolumab plus 
ipilimumab in patients with advanced hepatocellular 
carcinoma previously treated with sorafenib: the 



Summer 2024, Volume 6, Issue 20 (1- 12)

11

Akram Sadat Ahmadi et al

CheckMate 040 randomized clinical trial. JAMA 
oncology. 2020;6(11):e204564-e.

48.Sha D, Jin Z, Budczies J, Kluck K, Stenzinger 
A, Sinicrope FA. Tumor mutational burden as a 
predictive biomarker in solid tumors. Cancer discovery. 
2020;10(12):1808-25.

49.Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, 
Makarov V, Havel JJ, et al. Mutational landscape 
determines sensitivity to PD-1 blockade in non–small 
cell lung cancer. Science. 2015;348(6230):124-8.

50.Marabelle A, Fakih M, Lopez J, Shah M, Shapira-
Frommer R, Nakagawa K, et al. Association of tumour 
mutational burden with outcomes in patients with select 
advanced solid tumours treated with pembrolizumab in 
KEYNOTE-158. Annals of oncology. 2019;30:v477-v8.

51.Yarchoan M, Albacker LA, Hopkins AC, Montesion M, 
Murugesan K, Vithayathil TT, et al. PD-L1 expression 
and tumor mutational burden are independent biomarkers 
in most cancers. JCI insight. 2019;4(6).

52.Dekaboruah E, Suryavanshi MV, Chettri D, Verma AK. 
Human microbiome: an academic update on human body 
site specific surveillance and its possible role. Archives 
of microbiology. 2020;202:2147-67.

53.	 Xu X, Lv J, Guo F, Li J, Jia Y, Jiang D, et al. 
Gut microbiome influences the efficacy of PD-1 
antibody immunotherapy on MSS-type colorectal cancer 
via metabolic pathway. Frontiers in Microbiology. 
2020;11:814.

54.	 Liu X, Chen Y, Zhang S, Dong L. Gut 
microbiota-mediated immunomodulation in tumor. 
Journal of Experimental & Clinical Cancer Research. 
2021;40(1):221.

55.	 Zheng Y, Wang T, Tu X, Huang Y, Zhang H, Tan 
D, et al. Gut microbiome affects the response to anti-
PD-1 immunotherapy in patients with hepatocellular 
carcinoma. Journal for immunotherapy of cancer. 
2019;7:1-7.

56.	 Frantz C, Stewart KM, Weaver VM. The 
extracellular matrix at a glance. Journal of cell science. 
2010;123(24):4195-200.

57.	 Bulle A, Lim K-H. Beyond just a tight fortress: 
contribution of stroma to epithelial-mesenchymal 
transition in pancreatic cancer. Signal Transduction and 
Targeted Therapy. 2020;5(1):249.

58.	 Brassart-Pasco S, Brézillon S, Brassart 
B, Ramont L, Oudart J-B, Monboisse JC. Tumor 
microenvironment: extracellular matrix alterations 
influence tumor progression. Frontiers in oncology. 
2020;10:397.

59.	 Nicolas-Boluda A, Vaquero J, Vimeux L, 
Guilbert T, Barrin S, Kantari-Mimoun C, et al. Tumor 
stiffening reversion through collagen crosslinking 
inhibition improves T cell migration and anti-PD-1 
treatment. Elife. 2021;10:e58688.

60.	 Doki Y, Ajani JA, Kato K, Xu J, Wyrwicz L, 
Motoyama S, et al. Nivolumab combination therapy in 
advanced esophageal squamous-cell carcinoma. New 
England Journal of Medicine. 2022;386(5):449-62.

61.	 Horn L, Mansfield AS, Szczęsna A, Havel 
L, Krzakowski M, Hochmair MJ, et al. First-line 
atezolizumab plus chemotherapy in extensive-stage 
small-cell lung cancer. New England Journal of 
Medicine. 2018;379(23):2220-9.

62.	 Balar AV, Galsky MD, Rosenberg JE, Powles 
T, Petrylak DP, Bellmunt J, et al. Atezolizumab as 
first-line treatment in cisplatin-ineligible patients with 
locally advanced and metastatic urothelial carcinoma: 
a single-arm, multicentre, phase 2 trial. The Lancet. 
2017;389(10064):67-76.

63.	 Meric-Bernstam F, Larkin J, Tabernero J, Bonini 
C. Enhancing anti-tumour efficacy with immunotherapy 
combinations. The Lancet. 2021;397(10278):1010-22.

64.	 Chang JY, Verma V, Welsh JW, Formenti SC. 
Radiotherapy plus immune checkpoint blockade in 
PD (L)-1-resistant metastatic NSCLC. The Lancet 
Oncology. 2022;23(4):e156.

65.	 Altorki NK, McGraw TE, Borczuk AC, Saxena 
A, Port JL, Stiles BM, et al. Neoadjuvant durvalumab 
with or without stereotactic body radiotherapy in patients 
with early-stage non-small-cell lung cancer: a single-
centre, randomised phase 2 trial. The Lancet Oncology. 
2021;22(6):824-35.

66.Senior M. Checkpoint inhibitors go viral. Nature 
biotechnology. 2019;37(1):12-8.

67.Andtbacka R, Collichio F, Harrington K, Middleton 
M, Downey G, Ӧhrling K. HL Kaufman Final analyses 
of OPTiM: A randomized phase III trial of talimogene 
laherparepvec versus granulocyte-macrophage 
colony-stimulating factor in unresectable stage III-IV 
melanoma., 2019, 7. 

68.Chesney JA, Ribas A, Long GV, Kirkwood JM, 
Dummer R, Puzanov I, et al. Randomized, double-blind, 
placebo-controlled, global phase III trial of talimogene 
laherparepvec combined with pembrolizumab for 
advanced melanoma. Journal of Clinical Oncology. 
2023;41(3):528-40.

69.Carthon BC, Wolchok JD, Yuan J, Kamat A, Ng Tang 
DS, Sun J, et al. Preoperative CTLA-4 blockade: 
tolerability and immune monitoring in the setting of 
a presurgical clinical trial. Clinical Cancer Research. 
2010;16(10):2861-71.

70.Huober J, Barrios CH, Niikura N, Jarząb M, Chang 
Y-C, Huggins-Puhalla SL, et al. Atezolizumab with 
neoadjuvant anti–human epidermal growth factor 
receptor 2 therapy and chemotherapy in human 
epidermal growth factor receptor 2–positive early 
breast cancer: primary results of the randomized phase 
III IMpassion050 trial. Journal of Clinical Oncology. 
2022;40(25):2946-56.

71.Cercek A, Lumish M, Sinopoli J, Weiss J, Shia J, 
Lamendola-Essel M, et al. PD-1 blockade in mismatch 
repair–deficient, locally advanced rectal cancer. New 
England Journal of Medicine. 2022;386(25):2363-76.

72.Marin-Acevedo JA, Chirila RM, Dronca RS, editors. 
Immune checkpoint inhibitor toxicities. Mayo Clinic 
Proceedings; 2019: Elsevier.

73.Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, 
Cowey CL, Lao CD, et al. Combined nivolumab and 
ipilimumab or monotherapy in untreated melanoma. 
New England journal of medicine. 2015;373(1):23-34.

74.Zhou X, Yao Z, Bai H, Duan J, Wang Z, Wang X, et 
al. Treatment-related adverse events of PD-1 and PD-L1 
inhibitor-based combination therapies in clinical trials: 
a systematic review and meta-analysis. The Lancet 
Oncology. 2021;22(9):1265-74.

75.Nigro O, Pinotti G, De Galitiis F, Di Pietro FR, Giusti 



Akram Sadat Ahmadi et al

12

Advanced Therapies Journal

R, Filetti M, et al. Late immune-related adverse events 
in long-term responders to PD-1/PD-L1 checkpoint 
inhibitors: a multicentre study. European Journal of 
Cancer. 2020;134:19-28.

76.Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and 
anti-CTLA-4 therapies in cancer: mechanisms of 
action, efficacy, and limitations. Frontiers in oncology. 
2018;8:86.

77.Abdel-Rahman O, Helbling D, Schmidt J, Petrausch 
U, Giryes A, Mehrabi A, et al. Treatment-related death 
in cancer patients treated with immune checkpoint 
inhibitors: a systematic review and meta-analysis. 
Clinical Oncology. 2017;29(4):218-30.

78.Naidoo J, Page D, Li BT, Connell LC, Schindler K, 
Lacouture ME, et al. Toxicities of the anti-PD-1 and 
anti-PD-L1 immune checkpoint antibodies. Annals of 
Oncology. 2015;26(12):2375-91.

79.Triebel F, Jitsukawa S, Baixeras E, Roman-Roman S, 
Genevee C, Viegas-Pequignot E, et al. LAG-3, a novel 
lymphocyte activation gene closely related to CD4. The 
Journal of experimental medicine. 1990;171(5):1393-
405.


	Immunological checkpoint Inhibitors represent a novel approach within the realm of cancer therapy
	Abstract 
	Introduction
	Outlook and conclusion  
	References  


