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ABSTRACT

Non-small cell lung cancer (NSCLC) is a disease that has been negatively impacting the lives of tens of thousands of
families each year. Yet, despite consistent research efforts, a cure for this cancer still hasn’t been developed. Though
there are many treatment options for NSCLC, the majority of these are not completely effective and tend to have
numerous side effects that come with them. Over the past few decades, immune checkpoint inhibitors (ICIs), a com-
mon form of immunotherapy, have risen as a promising discovery in cancer treatment research. Unlike other treatment
types, ICIs work to activate the immune system’s natural response to antigens by blocking checkpoint proteins which
have the ability to inhibit immune cell function. Particularly for NSCLC, ICI treatment has shown many encouraging
outcomes, due to its ability to work well against the complexity of the disease. However, there’s only one downside:
many NSCLC patients tend to develop either primary or acquired resistance to treatment, due to numerous factors
involving genetic mutations that are unique to the tumors in each individual. This paper primarily focuses on identi-
fying the most common NSCLC treatment resistance mechanisms, and exploring the most effective methods involving
IClISs in order to overcome this resistance.

Introduction

Worldwide, lung cancer is the biggest contributor to cancer mortality. A large portion of this is due to advanced stage
diagnosis, which causes patients to have limited treatment options. Immune checkpoints are proteins that help to reg-
ulate T cell function. However, sometimes these checkpoints can prevent T cells from identifying cancerous cells as
threats in the immune system. Immune checkpoint inhibitors or ICIs, a form of immunotherapy, work to inhibit im-
mune checkpoints, including CTLA-4, PD-L1, or PD-1, in order to boost immune activation. Though the use of ICIs
have shown effectiveness for some cancer types, many NSCLC patients either do not respond or quickly develop
resistance to these treatments. In order to overcome this, scientists have started to investigate possible alternative
checkpoint molecules that can be potentially targeted with new ICIs to enhance T cell response against cancer, Re-
searchers have also begun looking into treatments which combine immunotherapy with other therapies, including
radiation and chemotherapy. Combination therapies can allow multiple aspects of the tumor to be attacked at once,
making it more difficult for the tumor to resist the treatment. Additionally, by utilizing inhibitors to block multiple
immune checkpoints simultaneously, researchers can overcome the immunotherapy resistance that many patients have
been dealing with and create an improved anti-tumor immune response in the body.

Around the world, immunotherapy appears to be one of the most rising new cancer treatments. This treatment
approach has the ability to revitalize the immune system’s ability to recognize and eradicate tumors. Scientists in
multiple different countries have begun to research new methods of immunotherapy and many have even been suc-
cessful at treating advanced lung and melanoma skin cancers. In a study conducted at Peking Medical College Hospi-
tal, China, 97 NSCLC patients received nivolumab or pembrolizumab, ICI treatments which worked to block the PD-
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1 and PD-L1 proteins (Chen et al., 2020). However, only 16.5% patients responded to the treatment and 60.8% main-
tained the stable disease; this is a relatively low percentage compared to the success rates seen in other cancer types.
The contributing factors to the low success rates could include a lack of combination therapy, which would reduce the
chance of successfully targeting the antibodies, or prior treatment history, which could’ve allowed patients to develop
resistance to the ICIs during treatments taken prior to the study.

In the United States, the usage of immunotherapy to treat lung cancer has rapidly grown. Though many
NSCLC patients have experienced long term benefits through ICI treatment, numerous patients tend to have disease
progression during or after treatment ends, due to development of either primary or adaptive resistance to the therapy.
Many studies are being conducted to address this issue. Recent research has shed light to many new immune check-
points, including TIGIT, VISTA, B7-H6, NKG2A, TIM-3, Galectin 3, LAG-3, and more. These targets have been
studied intensely in various studies and have shown promising outcomes (Patwekar et al., 2024).

One of the most prominent medical institutions in the United States, Johns Hopkins Medicine, conducted a
trial comparing (anti PD-L1 immunotherapy agent) and the combination of durvalumab with one of three other forms
of immunotherapy as treatment for early-stage NSCLC. The response rate was much higher in patients receiving a
combination treatment. According to the researchers, the results from the trial indicate that simultaneously targeting
multiple cancer pathways may be preferred to utilizing a monotherapy (Cascone et al., 2023).

Even within the U.S, the world’s leading country in cancer research and treatment, a patient dies of lung
cancer every four minutes (Lung Cancer Key Findings, 2023). By understanding resistance mechanisms in immuno-
therapy and developing new therapies to mitigate it, researchers can improve treatment outcomes and ultimately in-
crease the chances of survival for lung cancer patients around the world. The goal of this literature review is to establish
the current understanding of ICI treatment for NSCLC, understand resistance mechanisms in this treatment, and ex-
plore potential methods being investigated to overcome this resistance.

Methodology

This paper’s primary goal is to examine the immunotherapy’s current status for NSCLC and analyze upcoming strat-
egies to better improve treatment and overcome resistance mechanisms. This research was conducted through a com-
prehensive secondary literature review based on numerous informational articles, studies, and trials. The research
process began with an analysis of various articles which provided a brief overview of the current status of traditional
immunotherapy, particularly immune checkpoint inhibitors (ICIs) for NSCLC. Though this treatment showed many
highly successful results, a recurring concern being presented was the resistance to these ICIs, found in the immune
systems of many NSCLC patients. Further exploration indicated that the source of the issue was the tumor’s adapta-
tions to treatments over time, allowing it to eventually resist the ICIs targeting of typical checkpoints to a certain
extent. Analysis of various clinical trials indicated that NSCLC patients receiving treatment through combination ICI
therapies incorporating other immunotherapy agents or other kinds of therapies, were less likely to develop treatment
resistance, as opposed to patients receiving the traditional ICI treatment as a monotherapy. It is crucial to expand the
concept of immunotherapy by developing more effective and successful cancer treatments that can successfully treat
a broader range of patients. This secondary literature review was conducted completely through the usage of online
resources from researchers across the globe, in order to mitigate any potential biases and receive a complete under-
standing of the concept. No physical materials or resources were used to conduct the research.

An Overview of Non-Small Cell Lung Cancer

As of now, the likelihood that an adult in the USA will develop lung cancer is 1 in 16 (Key Statistics for Lung Cancer,
2024). Despite its prevalence, there is still no completely effective treatment for this cancer. The most common ther-
apies for lung cancer include chemotherapy, surgery, immunotherapy, and radiation therapy. More recent treatments,
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including stereotactic radiation therapy, targeted therapy, and newer forms of immunotherapy, are also being studied
and developed.

Process of Lung Cancer Development

All cells in the human body contain DNA, which provide them with a set of instructions that they need to multiply,
grow, and self-destruct at a set rate. However, in cancerous cells, this DNA can instruct the cells to multiply more
quickly and indefinitely, without undergoing apoptosis, a form of self-destruction or programmed cell death. This can
cause the cancer cells in the body to rapidly grow in a certain body part. These cancer cells might eventually form a
tumor, a mass which can grow and invade healthy organs and tissue. Over time, cancer can become metastatic, or
spread to other areas in the body. The two types of lung cancer are non-small cell (NSCLC) and small cell (SCLC),
which are primarily distinguished based on how the tumorous cells look when viewed underneath a microscope.
NSCLC is a broad category that contains various subtypes of lung cancers, the most common of which are adenocar-
cinoma, large cell carcinoma, and squamous cell carcinoma. Though smoking is said to be the greatest cause of lung
cancer, non-smokers also have the ability to develop NSCLC through risk factors including secondhand smoke, having
lung cancer in family history, and long-term exposure to radon. Alternatively, SCLC only represents less than 20% of
lung cancer diagnoses and typically only occurs in people who are or have been long-term smokers (Ciupka, 2020).

Current Treatment Options

Though NSCLC makes up almost 9 out of every 10 lung cancer diagnoses, it can be much more difficult to treat than
SCLC; a non-small cell tumor spreads at a fairly slower rate, reducing the chances of being able to diagnose the cancer
at an early point (Key Statistics for Lung Cancer, 2024). Though early-stage detection and diagnosis has been improv-
ing, less than 25% of NSCLC patients are diagnosed before stage 111, leading to lower survival rates. Researchers
across the globe are working to advance our current understanding of lung cancer, specifically NSCLC, and its treat-
ments. Early-stage NSCLC, stages 0 and I, can be treated with a surgical removal, which can involve a segmentectomy,
wedge resection, or lobotomy. Following surgery, adjuvant treatments, including Osimertinib (a targeted therapy used
to treat patients with an abnormal EGFR, epidermal growth factor receptor, that can allow the cancer to metastasize),
atezolizumab and pembrolizumab (immunotherapy drugs), and chemotherapy drugs, can be used in order to prevent
recurrence of the cancer. Stage II NSCLC may involve neoadjuvant (prior to surgery) chemotherapy while stage IIIA
will typically involve chemotherapy, radiation therapy, and/or surgery. Stage IIIB NSCLC indicates that the tumor
may have spread to lymph nodes close to the neck, other lobe of the lung, or in the chest. These cancers can be treated
through radiation, chemoradiation, or possibly immunotherapy. At the IVA or IVB stage, treatments vary depending
on the cancer’s gene or protein changes and the individual’s overall health (Treatment Choices for Non-Small Cell
Lung Cancer, by Stage, 2024). Researchers are working on developing more effective treatments to better combat the
advanced stages of NSCLC, including more recent forms of immunotherapy and targeted therapy.

Immunotherapy as a Cancer Treatment

The most common therapies utilized to treat NSCLC are chemotherapy and radiation therapy. These therapies are not
completely successful and come with many side effects. Chemotherapy involves the use of drugs that contain powerful
chemicals which kill rapidly growing cells in the body. However, while destroying malignant cells, these drugs often
kill many healthy cells as well. Radiation therapy applies intense radioactive energy in order to destroy cancer cells.
Similar to chemotherapy, this treatment can damage healthy cells located near cancer cells in the body. Many re-
searchers have turned to immunotherapy and other forms of treatment, like targeted therapy, to prevent healthy cells
from being damaged, while still effectively eradicating tumorous cells.
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Fighting Cancer Cells Within the Immune System

T-lymphocytes (T cells) are a crucial type of white blood cell that have a major role in the immune response. There
are two main types of T cells: CD4+ T cells (T-helper cells) and CD8+ T cells (cytotoxic-T cells). While CD4+ T
cells activate other immune cells, CD8+ T cells have the ability to directly destroy cancerous cells. When a cancer
cell dies, it releases proteins which are then taken in by antigen-presenting cells (APCs). APCs work to split up these
proteins into peptide fragments (antigens) and bind them to major histocompatibility complex (MHC) molecules found
on their surface, in order to present them to T cells. Through interactions between the T cell receptor (TCR) and the
MHC-peptide complex, the T cells are ‘trained’ to effectively recognize the peptides on malignant cells and destroy
them. There are three common MHC molecules, class I, class II, and class III proteins, which can be differentiated
based on their genetic variability; only class I and class II are involved with antigen presentation to T cells. CD4+ T
cells can identify peptides bonded with MHC class II molecules and CD8+ T cells can identify peptides bonded with
MHC class I molecules. Once the foreign cancer antigens are identified, CD4+ T cells work to coordinate the immune
system and activate other immune cells including macrophages, B cells, and CD8+ cells. On the other hand, once
CD8+ cells have been activated, they can directly produce and release cytokines and enzymes called perforins, in
order to kill the malignant cells that display the same peptides on their surface (Sauls et al., 2023).

Advancements in the Field

Over time, tumorous cells have developed numerous escape mechanisms against the immune response. One method
is checkpoint molecule expression, such as PD-L1, which can prevent T cells from attacking malignant cells. Malig-
nant cells can also form an immunosuppressive tumor microenvironment (TME) by producing cytokines, including
TGF-B (transforming growth factor beta) and IL-10, in order to weaken T cell function. Additionally, cancer cells can
develop resistance to apoptosis. Other mechanisms that aren’t present as often in lung cancer cells include MHC class
I downregulation and antigen masking.

Immunotherapy is a groundbreaking treatment in the cancer field which activates the immune system’s nat-
ural defense methods in order to resist these immune-evading mechanisms presented by tumorous cells. Currently,
there are four types of immunotherapy treatments being used or tested for lung cancer: immune checkpoint inhibitors,
monoclonal antibodies targeting growth factor (tyrosine kinase) or angiogenic receptors, cancer vaccines, and adoptive
cell therapy (Table 1). As of now, the FDA has approved several checkpoint inhibitors and monoclonal antibodies to
treat lung cancer, while other treatment types are still being tested and further developed in clinical trials. In some
cases, using immunotherapy as a combination therapy has also been FDA approved. Immunotherapy works to boost
the immune response against malignant cells. It does this by blocking specific proteins which aid cancer cells from
evading immune cells that are trying to identify and attack them. Depending on the form of immunotherapy being
used, it may be given orally, through a vein, or through the bladder (Boyce, 2024).

Primary Types of Immunotherapy Treatment and their Functions

Treatment type Functions Examples (in various types of

cancer)

Immune Checkpoint Inhibitors
(ICIs)

ICIs block checkpoints, which are
exploited by tumorous cells, in
order to allow T cells to effectively
recognize and attack tumors.

atezolizumab (Tecentriq)
pembrolizumab (Keytruda)
ipilimumab (Yervoy)
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Monoclonal Antibodies (mAbs) mAbs work to directly target rituximab (Mabthera)
malignant cells by binding to trastuzumab (Herceptin)
specific antigens and attempting to cetuximab (Erbitux)
destroy them through various
mechanisms.
Cancer Vaccines Vaccines are composed of tumor Bacillus Calmette-Guerin (BCG)
antigens/cells or modified products Vaccine
in order to stimulate the immune Sipuleucel-T Vaccine

system and keep it prepared for a
real attack.

Adoptive Cell Therapy (ACT) ACT works to modify and enhance Tumor-Infiltrating Lymphocytes
an individual’s immune cells in CAR T Cell Therapy
order to improve immune response (TIL) Therapy
to malignant cells.

Source: Thatikonda, 2024

Researchers worldwide view immunotherapy as a pioneering breakthrough in lung cancer treatment, with numerous
clinical trials and reviews being conducted to evaluate and improve its efficacy. A systematic review of seven different
randomized clinical trials investigated the combination of erlotinib (a tyrosine kinase inhibitor that prevents cancer
cell growth) and multiple mAbs compared to erlotinib alone, as treatment for patients diagnosed with advanced non-
small cell lung carcinoma. The data showed a 40% decrease in the hazard ratio (HR) or risk of death, as well as a
major improvement in the progression-free survival (PFS) rate for the combination therapy. Compared to the mono-
therapy, the combination showed very little improvement in the overall survival (OS) rate, and the researchers con-
cluded that the value was not high enough to be considered a statistically significant finding. Additionally, there was
a relatively lower amount of severe treatment-related adverse events (AEs) in the erlotinib monotherapy group (Liu
et al., 2023). Though the study shows the many potential benefits of the combination therapy over the monotherapy,
it also highlights the drawbacks, including the minimal improvement in OS and the considerable increase in side
effects; this indicates that further research is needed before the combination of the mAbs and erlotinib can be seriously
considered as a possible treatment.

Usage of Immune Checkpoint Inhibitors (ICIs)

Often, immune checkpoint proteins can use their ligands to bind to partner proteins found on malignant cells, causing
them to transmit false signals that tell immune cells to deactivate their immune response. Shutting off the immune
response inhibits T cells from effectively identifying and attacking cancerous cells. Immune checkpoint inhibitors
(ICIs) are used to block the binding that takes place between immune and tumorous cells (Figure 1). ICIs are one of
the most common forms of immunotherapy, due to their ability to treat a broad variety of tumors while maintaining
consistent responses. As of now, there are six FDA-approved ICI agents for NSCLC targeting PD-1, PD-L1, or CTLA-
4 (Olivares-Hernandez et al., 2023), as shown in Table 2 below.

Current Proteins Targeted by FDA-Approved ICI Agents for Lung Cancer

Targeted Protein Current ICI Agents Cells Expressing Mechanisms of Immune
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Target Response Evasion
Programmed Cell Death Pembrolizumab B cells Tumors can express PD-L1,
Protein 1 Cemiplimab CD4+ T Cells which binds to PD-1 on T
Nivolumab Natural Killer (NK) cells, preventing cytokine
(PD-1) Cells production and inhibiting T
CD8+ T Cells cell activation that allows

tumors to be effectively
identified and attacked.

Programmed Cell Death Durvalumab Malignant Cells Blocking PD-L1 can prevent
Ligand 1 Atezolizumab Antigen-Presenting | tumors from interacting with T
Cells (APCs) cells that express PD-1,
(PD-L1) Some Immune Cells | allowing these T cells to more

effectively function and
destroy tumorous cells.

Cytotoxic T-lymphocyte- Ipilimumab CD4+ T cells CTLA-4 competes with CD28,
associated Protein 4 T regulatory cells a costimulatory receptor, to
(Tregs) bind to B7 on APCs. Blocking
(CTLA-4) CD8+ T cells CTLA-4 can reduce

competitive inhibition of T cell
activation.

Source: Thatikonda, 2024

In an international study conducted across 13 countries, scientists compared the effectiveness of atezolizumab (ICI)
and docetaxel (chemotherapy), as treatment for previously treated NSCLC patients (Fehrenbacher et al., 2016). The
data from the randomized trials indicated that the median OS was significantly higher by 2.9 months for the atezoli-
zumab patients. Additionally, results showed that the docetaxel group had a 27% increase in death risk and a 28%
increase in the percentage of patients who were experiencing drug-related AEs. In a similar study comparing the
efficacy of docetaxel to a different ICI, nivolumab, patients with advanced non-squamous-cell lung carcinoma were
thoroughly studied (Paz-Ares, 2015). Similar to the previous study, the results indicated that the patients receiving the
docetaxel had a 27% increase in death risk and a 43.2% increase in grade III or higher AEs. The nivolumab group
demonstrated a superior OS by 2.8 months. In both cases, the ICIs significantly improved survival rates while still
resulting in a lower amount of treatment-related side effects. The atezolizumab and the nivolumab both showed to be
tolerable and effective treatments than the docetaxel for NSCLC patients.
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Figure 1. How ICI treatments (Anti PD-1 and Anti PD-L1) work to block checkpoint proteins from binding T cells
and tumor cells and inhibiting T cell function. Source: Thatikonda (created using BioRender.com), 2024

Mechanisms of Resistance to Treatment

Despite its promising aspects, immunotherapy can come with various complications, especially in lung cancer. The
complexity of NSCLC often makes patients more likely to develop resistance to immunotherapies. Resistance can be
categorized into two broad categories, primary and acquired resistance. Primary resistance refers to when a patient’s
tumor doesn’t respond to a treatment at all throughout the treatment duration. Contrariwise, acquired resistance refers
to when a patient has an initial response to the treatment, but eventually develops disease progression over time. There
are numerous mechanisms which assist tumors in resisting immunotherapy treatment and these tend to vary depending
on an individual’s conditions. In NSCLC, the most common resistance mechanisms include weak immunogenicity,
defective antigen presentation, and abnormal signaling pathways.

Immunogenicity is the ability of a foreign substance or cancer to provoke an immune response. PD-L1 ex-
pression and tumor mutation burden (the amount of mutations that are present in a tumor’s DNA) are the most com-
monly used biomarkers that predict NSCLC response to immunotherapy. For instance, anti PD-1/PD-L1 inhibitors
tend to be more beneficial for individuals with high PD-L1 levels; likewise, higher tumor mutation burden (TMB) is
correlated to a higher presence of neoantigens, tumor-specific antigens produced by malignant cells, which further
allows for ICIs to work more effectively. However, low PD-L1 expression or low TMB can reduce response to im-
munotherapy by making it much more challenging for the immune system to distinguish tumors. Various genetic
mutations can allow tumors to escape the immune response; however, they can also function as biomarkers which
help T cells and B cells effectively identify tumors. Mutations in essential genes, such as RET and HER2, can assist
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tumors in resisting treatment, despite expressing PD-L1. Some genes, including ROS, MET, and ALK, can simulta-
neously downregulate TMB while upregulating PD-L1 expression (Zhou et al., 2023).

EGFR, a common NSCLC mutation, was also found to elevate PD-L1 expression through signaling pathways
in the TME (Zhang et al., 2016). PD-L1 upregulation is often found to weaken the immune response of T cells. In-
versely, some mutations, such as KRAS, can cause different reactions in the immune system depending on an indi-
vidual’s PD-L1 and TMB levels. For example, STK11 is a KRAS mutation which was found to have a strong corre-
lation to primary resistance of PD-1 and PD-L1 ICIs in NSCLC (Judd et al., 2021). Neoantigens are unique antigens
that are formed through DNA mutations that happen in malignant cells. These antigens often serve as biomarkers
which help immune cells identify tumorous cells and mark them as targets. However, through acquired resistance,
neoantigen expression is often lost over time; without neoantigens, it can be much more difficult for immune cells to
recognize the difference between healthy and cancerous cells.

APCs play an essential role in the immune system; they regulate antigen presentation that is needed for T
cells to accurately identify whether or not a cell is cancerous. As previously mentioned, some tumor mutations lead
to neoantigens, which help immune cells identify malignant cells. These neoantigens must be presented to T cells
through human leukocyte antigens (HLAs), a specific form of MHC proteins. Loss of HLA can lead to poor antigen
presentation, and as a result, immunosuppression. Recent research has shown that there’s a strong association between
some types of inherited HLA and the responsiveness of metastatic NSCLC cells to ICIs. Additionally, it was found
that 40% of NSCLC has allele-specific HLA loss over time; this can cause upregulation of PD-L1, which leads to
further resistance of ICIs (McGranahan et al., 2017). Besides HLA, there are also many other genes and proteins that
are needed for proper antigen presentation. For instance, f2M , a biomarker protein, assists HLA in antigen presenta-
tion, while IFN-y, a cytokine known as interferon gamma, helps boost HLA levels, making tumors more identifiable
and enhancing immune response. Loss of either of these can create further challenges during antigen recognition.

As indicated earlier, EGFR and KRAS are two common mutations in NSCLC that upregulate PD-L1 expres-
sion and inhibit immune response; both of these mutations tend to be found in signaling pathways. Signaling pathways
are in charge of the regulation of cell functions, such as growth, apoptosis, and cell cycle progression. Pathways
including mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase (P13K) are crucial for immune
cells to properly function. However, tumors tend to develop multiple mutations in these pathways, allowing them to
avoid apoptosis and undergo metastasis and unregulated proliferation (Zhou et al., 2023). Targeting abnormal signal-
ing pathways can prevent tumors from resisting treatment through specific mutations. Overall, genetic mutations that
have an effect on neoantigen, PD-L1, and TMB expression in an individual can play a major role in a tumor’s respon-
siveness to immunotherapy treatment, especially for a complex disease like NSCLC.

Methods to Combat ICI Resistance

Novel Immune Checkpoint Molecules

An investigational trial studied patients with advanced squamous-cell lung carcinoma and compared nivolumab and
docetaxel to determine which treatment was safer and more effective. The median rate of survival was 3.2 months
longer for the nivolumab therapy and the HR was 0.59, indicating a 41% reduction in risk of death compared to the
docetaxel. To add on, it was found that the PD-L.1 didn’t have a predictive effect on the ICI. This indicates that PD-
L1 levels in an individual had no correlation to the effectiveness of the nivolumab treatment (Brahmer et al., 2015).
In immunotherapy, researchers often associate PD-L1 levels with how well patients may respond to treatments. Ele-
vated PD-L1 expression may indicate better responses to PD-1 and PD-L1 inhibitors, depending on other factors in
the individual. However, in this case, the PD-L1 did not predict how well each individual responded to the treatment.
This lack of correlation suggests that the nivolumab may be effective across a broader range of patients, including
those showing low PD-L1 expression. It also indicates that PD-L1 is not the only factor for determining the
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effectiveness of ICIs, and opens up a possibility for other immune checkpoint molecules to be targeted through ICI
therapy as well.

Currently, all of the FDA-approved ICI treatments only target the molecules PD-1, PD-L1, or CTLA-4. How-
ever, apart from these, there are other inhibitory immune checkpoints which also work to regulate T cell response.
Blocking these additional molecules, either as a monotherapy or as a combination therapy with PD-1/PD-L1 ICIs, can
further prevent tumors from resisting treatment. There are several new checkpoint molecules that are currently being
studied as potential targets for ICIs, including VISTA, LAG-3, TIGIT, TIM-3, NKG2A, Galectin-3, B7-H6, HHLAZ2,
and more (Figure 2). So far, VISTA, LAG-3, TIGIT, and TIM-3, have shown favorable results in numerous clinical
and preclinical trials.

Figure 2. Diagram of immune checkpoint molecules and their signaling pathways to T cells. Source: Barrueto et al.,
2020

TIGIT, or T cell immunoreceptor with immunoglobulin and ITIM domain, is an inhibitory receptor expressed
on natural killer cells (NKs), T cells, B cells, and dendritic cells, which helps them recognize and attack cancer cells.
TIGIT shares approximately 20% of the CD226 protein’s amino acid sequence, allowing it to easily bind to its ligands,
CD155 and CD112. This can lead to TIGIT overexpression, a prominent observation in NSCLC and many other
cancers, inhibiting T cells from properly functioning. Inhibiting TIGIT can prevent inhibition of CD8+ cell responses
in order to enhance the anti-tumor immune response (Harjunpad et al., 2019). Research indicates that combining
blockades of TIGIT with existing therapies, such as anti-PD-L1/PD-1 ICIs, can be much more effective than inhibiting
it as only a monotherapy. Currently, many researchers are working to produce anti-TIGIT mAbs. A recent clinical
trial studied the safety of efficacy of tiragolumab, a TIGIT ICI agent, combined with atezolizumab (anti PD-L1 ICI)
as treatment for metastatic NSCLC patients (Rodriguez-Abreu et al., 2020). The results proved that the combination
was tolerated fairly well by patients and had a HR of 0.57, which indicated a 43% decrease in death risk compared to
the atezolizumab as a monotherapy.

LAG-3, or lymphocyte-activation gene 3, is a checkpoint receptor protein that is found on B cells, T cells,
dendritic cells, and NK cells. When LAG-3 levels are increased, it can cause the immune response to weaken. By
inhibiting LAG-3, T cell exhaustion can be prevented, allowing cytokine production to be boosted as well. LAG-3
shares almost 20% of the CD4 protein’s amino acid sequence, allowing it to bind strongly to MHC class II molecules
and block TCR signaling, which is necessary for activation of CD4 cells by an APC. Additionally, its interactions
with other ligands in the tumor microenvironment (TME), the complex tumor ecosystem within the body, further
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contributes to T cell exhaustion (Chocarro et al., 2021). Researchers believe that targeting LAG-3 during treatments
is crucial in order to enhance immune responses within individuals. So far, two LAG-3 agents, relatlimab and eftila
gmod alpha, have been FDA-approved to be used in combination with PD-1 inhibitors and many more are still being
explored (Ibrahim et al., 2023).

TIM-3, or T cell immunoglobulin and mucin-domain 3, is another emerging immune checkpoint which is
expressed on T cells, regulatory T cells (Tregs), dendritic cells, NK cells, and B cells, and it also works to maintain
proper immune responses. TIM-3 shares about 25% of the CD4 protein’s amino acid sequence, which allows it to
effectively interact with its ligand Galectin-3. In some cases, this can cause TIM-3 upregulation, which can promote
T cell exhaustion in the TME and limit immune cell ability to produce cytokines that are necessary for an effective
immune response (Zhu et al., 2010). A recent study involving two adenocarcinoma patients expressing PD-1 resistance
showed that both patients were expressing elevated levels of TIM-3. Additionally, the scientists also studied the TME
of mice and found that the cells which were previously treated with ICIs were found to have higher TIM-3 expression
than the cells which weren’t treated (Koyama et al., 2016). The data indicated that high expression of checkpoints,
such as TIM-3, may have a strong correlation to acquired resistance to PD-1 inhibitors in adenocarcinoma. Inhibition
of these molecules may potentially reduce PD-1 resistance in NSCLC.

VISTA, or V-domain immunoglobulin suppressor of T cell activation, is a checkpoint that is usually found
on T cells, Tregs, and dendritic cells. Upregulation of VISTA can cause the immune system to become less responsive
to foreign antigens; this is known as immune tolerance. In addition, VISTA and PD-L1 share many functions and have
approximately 22% of the same amino acid sequence, indicating that VISTA may also be a potential target for ICIs
(Tagliamento et al., 2021). A recent study found that high levels of VISTA have high association to low levels of
TMB and loss of EGFR mutations in adenocarcinoma. VISTA was also found to be expressed in 99% of NSCLC cells
that had a predominant cytoplasmic or membranous staining pattern. (Villarroel-Espindola et al., 2018). Because it is
so commonly expressed in NSCLC and shares many similarities with PD-L1, researchers believe that targeting VISTA
may have multiple benefits for a wide variety of patients.

Combination Therapies

Combination therapies refer to treatment strategies which incorporate the use of two or more forms of treatment in
order to reduce the likelihood of treatment resistance by targeting. the cancer from multiple aspects. Lung cancer is
considered to be a complex disease due to several interrelated factors which contribute to the disease’s progression
and development. Often, genetic mutations and alterations can influence the interactions that occur in the TME, re-
sulting in the activation and infiltration of effector immune cells. Additionally, lung cancer can be extremely hetero-
geneous, with different cells expressing different reactions to treatments. Combination therapies involving ICIs and
other modalities such as chemotherapy, radiation therapy, or targeted therapies, can work to better combat resistance
in NSCLC. In 2021, a phase 1II trial evaluated the effectiveness of combining durvalumab, an anti-PD-L1 ICI, with
stereotactic body radiotherapy for individuals with early-stage NSCLC. The trial randomly assigned 60 patients to
receive one of the two treatment methods for over three weeks. Results indicated that the major pathological response,
the percentage of the tumor which is no longer viable, was significantly higher in the combination patients (53.3%)
compared to the monotherapy patients (6.7%). 50% of the patients in the combination therapy group achieved a
complete response from the treatment and patients in both groups experienced AEs (Altorki et al., 2021). Another
study compared the efficacy of ICIs alone and combined with chemotherapy for individuals with advanced NSCLC
and high PD-L1 expression. The results showed that the combination therapy had a 28.3% increase in objective re-
sponse rate (ORR) and a 28.4% increase in the disease control rate (DCR), as well as an increase in PFS and decrease
in risk of death. It was also observed that the patients in both the combination and the monotherapy had similar scores
of tumor burden, indicating that the addition of the chemotherapy did not have any major negative effects on the
treatment’s tolerability (Wang et al., 2021).
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Results

The goal of this literature review was to explore potential methods involving immune checkpoint inhibitors to over-
come treatment resistance in NSCLC tumors. Research found that common resistance mechanisms for NSCLC cells
include genetic mutations, interactions between cells in the TME, and specific molecule levels that are unique to
individuals. As of now, the primary methods being studied to improve treatment includes combination therapies, in-
volving immunotherapy combined with one or more forms of treatment, as well as the usage of ICISs, to target newer
checkpoint molecules. Numerous clinical trials have shown promising results for these newer treatments, especially
because they build on existing immunotherapies in order to further strengthen their effectiveness. Further research and
development of these strategies can truly have a major impact on NSCLC patients worldwide.

Conclusion

In conclusion, overcoming barriers in ICI treatment for lung cancer can substantially increase survival rate in patients
around the world and also open up future exploration areas for breakthroughs in cancer research. Being one of the
deadliest cancers, lung cancer is a crucial issue that researchers around the globe are working to mitigate. Immuno-
therapy, particularly with ICIs, appears to be a promising treatment that can significantly change the outlook for pa-
tients suffering with various types of cancer.

ICIs work by removing checkpoints which inhibit T cell function and can prevent T cells from attacking
cancerous cells. Rather than directly destroying malignant cells, ICIs have the ability to enhance the immune response
and allow the immune system to target tumors using its natural processes. Malignant cells have the ability to evolve
and resist treatments and therapies through many mechanisms. Many methods are being studied to overcome ICI
resistance in NSCLC patients. By developing new checkpoint molecules for ICIs to target, researchers can prevent
tumor resistance to inhibitors that attack PD-L1/PD-1 or CTLA-4 checkpoints. Checkpoint targets such as VISTA,
TIGIT, LAG-3, TIM-3, and more are currently being investigated as possibilities for the future. Furthermore, by uti-
lizing combination therapies that involve ICIs and another form of treatment, tumors can be more effectively recog-
nized and attacked from multiple points, simultaneously. Combining ICIs with radiation, chemo, targeted therapies,
or even other forms of immunotherapy, will allow multiple actions against the tumor to take place at the same time,
making it more difficult for the tumor to resist the treatment.

Limitations

Though there are many new strategies being presented to combat ICI resistance in NSCLC, there are still many factors
that have to be considered before these can actually be implemented on real patients. Particularly with combination
therapies or the development of novel checkpoint targets, it is important to note that many of these therapies can lead
to higher rates of severe AEs and immune-related toxicities. Since each individual has different genetics, mutations,
and immune responses, it can be difficult to understand how different patients will react to newer treatments. Though
these concerns may be minor, they are still worth mentioning, as they may lead to serious considerations for future
patients and treatment outcomes. Furthermore, this review was developed entirely through the use of online research.
Despite having access to a substantial amount of data from previous trials and articles online, the research lacked
physical evidence and data. This created challenges, especially when trying to retrieve up-to-date information on a
specific concept.

ISSN: 2167-1907 www.JSR.org/hs 11



HIGHECHOOLEPITION Volume 13 Issue 4 (2024)

@ Journal of Student Rescarch

Acknowledgments

I’d like to thank Dr. Prahlad Parajuli and Prof. Virgel Torremocha for their guidance and advice throughout the process
of researching and developing this paper, as well as Coach Jo and the Gifted Gabber team for making this experience

possible and providing me with support.

References
Advances in Lung Cancer Research. (n.d.). National Cancer Institute. https://www.cancer.gov/types/lung/research

Aigner, C., Du Pont, B., Hartemink, K., Wiesweg, M., Vanbockrijck, M., Darwiche, K., Hegedus, B., Schramm, A.,
Hautzel, H., Maes, B., Theegarten, D., Schildhaus, H.-U., Baas, P., Cuppens, K., Schuler, M. H., & Plones,
T. (2023). Surgical outcomes of patients with resectable non-small-cell lung cancer receiving neoadjuvant
immunotherapy with nivolumab plus relatlimab or nivolumab: Findings from the prospective, randomized,
multicentric phase II study NEOpredict-lung. Journal of Clinical Oncology, 41(16_suppl), 8500.
https://doi.org/10.1200/jc0.2023.41.16_suppl.8500

Altorki, N. K., McGraw, T. E., Borczuk, A. C., Saxena, A., Port, J. L., Stiles, B. M., Lee, B. E., Sanfilippo, N. J.,
Scheff, R. J., Pua, B. B., Gruden, J. F., Christos, P. J., Spinelli, C., Gakuria, J., Uppal, M., Binder, B., Ele-
mento, O., Ballman, K. V., & Formenti, S. C. (2021). 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, 22(6), 824-835. https://doi.org/10.1016/s1470-2045(21)00149-2

Anichini, A., Perotti, V. E., Sgambelluri, F., & Mortarini, R. (2020). Immune escape mechanisms in non small cell
lung cancer. Cancers, 12(12), 3605. https://doi.org/10.3390/cancers12123605

Barrueto, L., Caminero, F., Cash, L., Makris, C., Lamichhane, P., & Deshmukh, R. R. (2020). Resistance to check-
point inhibition in cancer immunotherapy. Translational Oncology, 13(3), 100738.
https://doi.org/10.1016/j.tranon.2019.12.010

Boyce, P. (Ed.). (2024). Is Immunotherapy Right for Me? WebMD. https://www.webmd.com/lung-cancer/lung-can-
cer-immunotherapy-overview

Brahmer, J., Reckamp, K. L., Baas, P., Crino, L., Eberhardt, W. E., Poddubskaya, E., Antonia, S., Pluzanski, A.,
Vokes, E. E., Holgado, E., Waterhouse, D., Ready, N., Gainor, J., Arén Frontera, O., Havel, L., Steins, M.,
Garassino, M. C., Aerts, J. G., Domine, M., . . . Spigel, D. R. (2015). Nivolumab versus docetaxel in ad-
vanced squamous-cell non—small-cell lung cancer. New England Journal of Medicine, 373(2), 123-135.
https://doi.org/10.1056/nejmoal504627

Cascone, T., Kar, G., Spicer, J. D., Garcia-Campelo, R., Weder, W., Daniel, D. B., Spigel, D. R., Hussein, M., Mazi-
eres, J., Oliveira, J., Yau, E. H., Spira, A. I., Anagnostou, V., Mager, R., Hamid, O., Cheng, L.-Y., Zheng,
Y., Blando, J., Tan, T. H.,, . . . Forde, P. M. (2023). Neoadjuvant durvalumab alone or combined with novel
immuno-oncology agents in resectable lung cancer: The phase Il neocoast platform trial. Cancer Discovery,
13(11), 2394-2411. https://doi.org/10.1158/2159-8290.cd-23-0436

ISSN: 2167-1907 www.JSR.org/hs 12


https://www.cancer.gov/types/lung/research
https://doi.org/10.1200/jco.2023.41.16_suppl.8500
https://doi.org/10.1016/s1470-2045(21)00149-2
https://doi.org/10.3390/cancers12123605
https://doi.org/10.1016/j.tranon.2019.12.010
https://www.webmd.com/lung-cancer/lung-cancer-immunotherapy-overview
https://www.webmd.com/lung-cancer/lung-cancer-immunotherapy-overview
https://doi.org/10.1158/2159-8290.cd-23-0436

HIGH SCHOOL EDITION

Vol 131 4 (2024)
‘%' Journal of Student Research olume 13 Issue

Checkpoint Inhibitors. (2021). Cancer Research UK. https://www.cancerresearchuk.org/about-cancer/treatment/im-
munotherapy/types/checkpoint-inhibitors#:~:text=T%20cells%20have%20pro-
teins%200n%20them%?20that%?20turn%?20the%20immune,turn-
ing%?20the%20T%20cells%200{f%20%E2%80%A6.

Chen, M, Li, Q., Xu, Y., Zhao, J., Zhang, L., Wei, L., Zhong, W., & Wang, M. (2020). Immunotherapy as second-
line treatment and beyond for non-small cell lung cancer in a single center of china: Outcomes, toxicities,
and clinical predictive factors from a real-world retrospective analysis. Thoracic Cancer, 11(7), 1955-1962.
https://doi.org/10.1111/1759-7714.13488

Chocarro, L., Blanco, E., Zuazo, M., Arasanz, H., Bocanegra, A., Fernandez-Rubio, L., Morente, P., Fernandez-Hi-
nojal, G., Echaide, M., Garnica, M., Ramos, P., Vera, R., Kochan, G., & Escors, D. (2021). Understanding
lag-3 signaling. International Journal of Molecular Sciences, 22(10), 5282.
https://doi.org/10.3390/ijms22105282

Ciupka, B. (2020). Small Cell Lung Cancer vs. Non-small Cell Lung Cancer: What's the Difference? National Foun-
dation for Cancer Research. https://www.nfcr.org/blog/small-cell-lung-cancer-vs-non-small-cell-lung-can-
cer-whats-the-difference/

Fehrenbacher, L., Spira, A., Ballinger, M., Kowanetz, M., Vansteenkiste, J., Mazieres, J., Park, K., Smith, D., Artal-
Cortes, A., Lewanski, C., Braiteh, F., Waterkamp, D., He, P., Zou, W., Chen, D. S., Yi, J., Sandler, A., &
Rittmeyer, A. (2016). Atezolizumab versus docetaxel for patients with previously treated non-small-cell
lung cancer (POPLAR): A multicentre, open-label, phase 2 randomised controlled trial. The Lancet,
387(10030), 1837-1846. https://doi.org/10.1016/s0140-6736(16)00587-0

Harjunpid, H., & Guillerey, C. (2019). TIGIT as an emerging immune checkpoint. Clinical and Experimental Immu-
nology, 200(2), 108-119. https://doi.org/10.1111/cei.13407

Ibrahim, R., Saleh, K., Chahine, C., Khoury, R., Khalife, N., & Cesne, A. L. (2023). LAG-3 inhibitors: Novel im-
mune checkpoint inhibitors changing the landscape of immunotherapy. Biomedicines, 11(7), 1878.
https://doi.org/10.3390/biomedicines1 1071878

Immune Checkpoint Inhibitors. (n.d.). National Cancer Institute. https://www.cancer.gov/about-cancer/treat-
ment/types/immunotherapy/checkpoint-inhibitors

Immunotherapy to Treat Cancer. (2019). National Cancer Institute. https://www.cancer.gov/about-cancer/treat-
ment/types/immunotherapy#how-does-immunotherapy-work-against-cancer

Judd, J., Abdel Karim, N., Khan, H., Naqash, A. R., Baca, Y., Xiu, J., VanderWalde, A. M., Mamdani, H., Raez, L.
E., Nagasaka, M., Pai, S. G., Socinski, M. A., Nieva, J. J., Kim, C., Wozniak, A. J., Ikpeazu, C., de Lima
Lopes, G., Spira, A. L., Korn, W. M., . . . Borghaei, H. (2021). Characterization of KRAS mutation subtypes
in non—small cell lung cancer. Molecular Cancer Therapeutics, 20(12), 2577-2584.
https://doi.org/10.1158/1535-7163.mct-21-0201

Key Statistics for Lung Cancer. (2024). American Cancer Society. https://www.cancer.org/cancer/types/lung-can-
cer/about/key-statistics.html

ISSN: 2167-1907 www.JSR.org/hs 13


https://www.cancerresearchuk.org/about-cancer/treatment/immunotherapy/types/checkpoint-inhibitors#:%7E:text=T%20cells%20have%20proteins%20on%20them%20that%20turn%20the%20immune,turning%20the%20T%20cells%20off%20%E2%80%A6
https://www.cancerresearchuk.org/about-cancer/treatment/immunotherapy/types/checkpoint-inhibitors#:%7E:text=T%20cells%20have%20proteins%20on%20them%20that%20turn%20the%20immune,turning%20the%20T%20cells%20off%20%E2%80%A6
https://www.cancerresearchuk.org/about-cancer/treatment/immunotherapy/types/checkpoint-inhibitors#:%7E:text=T%20cells%20have%20proteins%20on%20them%20that%20turn%20the%20immune,turning%20the%20T%20cells%20off%20%E2%80%A6
https://www.cancerresearchuk.org/about-cancer/treatment/immunotherapy/types/checkpoint-inhibitors#:%7E:text=T%20cells%20have%20proteins%20on%20them%20that%20turn%20the%20immune,turning%20the%20T%20cells%20off%20%E2%80%A6
https://doi.org/10.1111/1759-7714.13488
https://doi.org/10.3390/ijms22105282
https://www.nfcr.org/blog/small-cell-lung-cancer-vs-non-small-cell-lung-cancer-whats-the-difference/
https://www.nfcr.org/blog/small-cell-lung-cancer-vs-non-small-cell-lung-cancer-whats-the-difference/
https://doi.org/10.1016/s0140-6736(16)00587-0
https://doi.org/10.3390/biomedicines11071878
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/checkpoint-inhibitors
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/checkpoint-inhibitors
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy#how-does-immunotherapy-work-against-cancer
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy#how-does-immunotherapy-work-against-cancer
https://doi.org/10.1158/1535-7163.mct-21-0201
https://www.cancer.org/cancer/types/lung-cancer/about/key-statistics.html
https://www.cancer.org/cancer/types/lung-cancer/about/key-statistics.html

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 13 Issue 4 (2024)

Koyama, S., Akbay, E. A., Li, Y. Y., Herter-Sprie, G. S., Buczkowski, K. A., Richards, W. G., Gandhi, L., Redig, A.
J., Rodig, S. J., Asahina, H., Jones, R. E., Kulkarni, M. M., Kuraguchi, M., Palakurthi, S., Fecci, P. E.,
Johnson, B. E., Janne, P. A, Engelman, J. A., Gangadharan, S. P., . . . Hammerman, P. S. (2016). Adaptive
resistance to therapeutic pd-1 blockade is associated with upregulation of alternative immune checkpoints.
Nature Communications, 7(1). https://doi.org/10.1038/ncomms10501

Kumar, A. R, Devan, A. R., Nair, B., Vinod, B. S., & Nath, L. R. (2021). Harnessing the immune system against
cancer: Current immunotherapy approaches and therapeutic targets. Molecular Biology Reports, 48(12),
8075-8095. https://doi.org/10.1007/s11033-021-06752-9

Langer, C. J., Gadgeel, S. M., Borghaei, H., Papadimitrakopoulou, V. A., Patnaik, A., Powell, S. F., Gentzler, R. D.,
Martins, R. G., Stevenson, J. P., Jalal, S. I., Panwalkar, A., Yang, J. C.-H., Gubens, M., Sequist, L. V.,
Awad, M. M., Fiore, J., Ge, Y., Raftopoulos, H., & Gandhi, L. (2016). Carboplatin and pemetrexed with or
without pembrolizumab for advanced, non-squamous non-small-cell lung cancer: A randomised, phase 2
cohort of the open-label keynote-021 study. The Lancet Oncology, 17(11), 1497-1508.
https://doi.org/10.1016/s1470-2045(16)30498-3

Lee, J. B, Ha, S.-J., & Kim, H. R. (2021). Clinical insights into novel immune checkpoint inhibitors. Frontiers in
Pharmacology, 12. https://doi.org/10.3389/fphar.2021.681320

Liu, M., Xiao, K., & Yang, L. (2023). EGFR inhibitor erlotinib plus monoclonal antibody versus erlotinib alone for
first-line treatment of advanced non-small cell lung carcinoma: A systematic review and meta-analysis. In-
ternational Immunopharmacology, 119, 110001. https://doi.org/10.1016/j.intimp.2023.110001

Lung Cancer Key Findings. (2023). American Lung Association. https://www.lung.org/research/state-of-lung-can-
cer/key-findings

McGranahan, N., Rosenthal, R., Hiley, C. T., Rowan, A. J., Watkins, T. B., Wilson, G. A., Birkbak, N. J., Veeriah,
S., Van Loo, P., Herrero, J., Swanton, C., Swanton, C., Jamal-Hanjani, M., Veeriah, S., Shafi, S.,
Czyzewska-Khan, J., Johnson, D., Laycock, J., Bosshard-Carter, L., . . . Escudero, M. (2017). Allele-Spe-
cific HLA loss and immune escape in lung cancer evolution. Cell, 171(6), 1259-1271.el1.
https://doi.org/10.1016/j.cell.2017.10.001

Messenheimer, D. J., Jensen, S. M., Afentoulis, M. E., Wegmann, K. W., Feng, Z., Friedman, D. J., Gough, M. J.,
Urba, W. J., & Fox, B. A. (2017). Timing of pd-1 blockade is critical to effective combination immunother-
apy with anti-ox40. Clinical Cancer Research, 23(20), 6165-6177. https://doi.org/10.1158/1078-0432.ccr-
16-2677

Olivares-Hernandez, A., Gonzélez del Portillo, E., Tamayo-Velasco, A., Figuero-Pérez, L., Zhilina-Zhilina, S.,
Fonseca-Sanchez, E., & Miramontes-Gonzalez, J. P. (2023). Immune checkpoint inhibitors in non-small
cell lung cancer: From current perspectives to future treatments—a systematic review. Annals of Transla-
tional Medicine, 11(10), 354. https://doi.org/10.21037/atm-22-4218

Oncology (Cancer) / Hematologic Malignancies Approval Notifications. (2024). U.S. Food & Drug Administration.

https://www.fda.gov/drugs/resources-information-approved-drugs/oncology-cancer-hematologic-malignan-
cies-approval-notifications

ISSN: 2167-1907 www.JSR.org/hs 14


https://doi.org/10.1038/ncomms10501
https://doi.org/10.1007/s11033-021-06752-9
https://doi.org/10.1016/s1470-2045(16)30498-3
https://doi.org/10.3389/fphar.2021.681320
https://doi.org/10.1016/j.intimp.2023.110001
https://doi.org/10.1016/j.cell.2017.10.001
https://doi.org/10.1158/1078-0432.ccr-16-2677
https://doi.org/10.1158/1078-0432.ccr-16-2677
https://doi.org/10.21037/atm-22-4218
https://www.fda.gov/drugs/resources-information-approved-drugs/oncology-cancer-hematologic-malignancies-approval-notifications
https://www.fda.gov/drugs/resources-information-approved-drugs/oncology-cancer-hematologic-malignancies-approval-notifications

HIGHECHOOLEPITION Volume 13 Issue 4 (2024)

@ Journal of Student Rescarch

Passaro, A., Brahmer, J., Antonia, S., Mok, T., & Peters, S. (2022). Managing resistance to immune checkpoint in-
hibitors in lung cancer: Treatment and novel strategies. Journal of Clinical Oncology, 40(6), 598-610.
https://doi.org/10.1200/jco.21.01845

Patwekar, M., Sehar, N., Patwekar, F., Medikeri, A., Ali, S., Aldossri, R. M., & Rehman, M. U. (2024). Novel im-
mune checkpoint targets: A promising therapy for cancer treatments. International Immunopharmacology,
126, 111186. https://doi.org/10.1016/j.intimp.2023.111186

Paz-Ares, L., Horn, L., Borghaei, H., Spigel, D. R., Steins, M., Ready, N., Chow, L. Q. M., Vokes, E. E., Felip, E.,
Holgado, E., Barlesi, F., Kohlhaeufl, M., Rodriguez, O., Burgio, M. A., Fayette, J., Gettinger, S. N., Harbi-
son, C., Dorange, C., Finckenstein, F. G., & Brahmer, J. R. (2015). Phase iii, randomized trial (CheckMate
057) of nivolumab (NIVO) versus docetaxel (DOC) in advanced non-squamous cell (non-SQ) non-small
cell lung cancer (NSCLC). Journal of Clinical Oncology, 33(18_suppl), LBA109.
https://doi.org/10.1200/jc0.2015.33.18_suppl.lbal09

Pérez-Ruiz, E., Melero, ., Kopecka, J., Sarmento-Ribeiro, A. B., Garcia-Aranda, M., & De Las Rivas, J. (2020).
Cancer immunotherapy resistance based on immune checkpoints inhibitors: Targets, biomarkers, and reme-
dies. Drug Resistance Updates, 53, 100718. https://doi.org/10.1016/j.drup.2020.100718

Rodriguez-Abreu, D., Johnson, M. L., Hussein, M. A., Cobo, M., Patel, A. J., Secen, N. M., Lee, K. H., Massuti, B.,
Hiret, S., Yang, J. C.-H., Barlesi, F., Lee, D. H., Paz-Ares, L. G., Hsieh, R. W., Miller, K., Patil, N.,
Twomey, P., Kapp, A. V., Meng, R., & Cho, B. C. (2020). Primary analysis of a randomized, double-blind,
phase II study of the anti-TIGIT antibody tiragolumab (tira) plus atezolizumab (atezo) versus placebo plus
atezo as first-line (1L) treatment in patients with pd-11-selected NSCLC (CITYSCAPE). Journal of Clini-
cal Oncology, 38(15_suppl), 9503. https://doi.org/10.1200/jc0.2020.38.15_suppl.9503

Sauls, R. S., McCausland, C., & Taylor, B. N. (2023). Histology, T-Cell Lymphocyte. National Library of Medicine.
https://www.ncbi.nlm.nih.gov/books/NBK535433/

Tagliamento, M., Agostinetto, E., Borea, R., Brandao, M., Poggio, F., Addeo, A., & Lambertini, M. (2021). VISTA:
A promising target for cancer immunotherapy? ImmunoTargets and Therapy, Volume 10, 185-200.
https://doi.org/10.2147/itt.s260429

Toor, S. M., Sasidharan Nair, V., Decock, J., & Elkord, E. (2020). Immune checkpoints in the tumor microenviron-
ment. Seminars in Cancer Biology, 65, 1-12. https://doi.org/10.1016/j.semcancer.2019.06.021

Treatment Choices for Non-Small Cell Lung Cancer, by Stage. (2024). American Cancer Society. https://www.can-
cer.org/cancer/types/lung-cancer/treating-non-small-cell/by-stage.html

Villarroel-Espindola, F., Yu, X., Datar, 1., Mani, N., Sanmamed, M., Velcheti, V., Syrigos, K., Toki, M., Zhao, H.,
Chen, L., Herbst, R. S., & Schalper, K. A. (2018). Spatially resolved and quantitative analysis of vista/pd-
1h as a novel immunotherapy target in human non—small cell lung cancer. Clinical Cancer Research, 24(7),
1562-1573. https://doi.org/10.1158/1078-0432.ccr-17-2542

Vugmeyster, Y., Wilkins, J., Koenig, A., El Bawab, S., Dussault, L., Ojalvo, L. S., De Banerjee, S., Klopp-Schulze,
L., & Khandelwal, A. (2020). Selection of the recommended phase 2 dose for bintrafusp alfa, a bifunctional

ISSN: 2167-1907 www.JSR.org/hs 15


https://doi.org/10.1200/jco.21.01845
https://doi.org/10.1016/j.intimp.2023.111186
https://doi.org/10.1016/j.drup.2020.100718
https://www.ncbi.nlm.nih.gov/books/NBK535433/
https://doi.org/10.2147/itt.s260429
https://doi.org/10.1016/j.semcancer.2019.06.021
https://www.cancer.org/cancer/types/lung-cancer/treating-non-small-cell/by-stage.html
https://www.cancer.org/cancer/types/lung-cancer/treating-non-small-cell/by-stage.html
https://doi.org/10.1158/1078-0432.ccr-17-2542

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 13 Issue 4 (2024)

fusion protein targeting tgf-f and pd-11. Clinical Pharmacology & Therapeutics, 108(3), 566-574.
https://doi.org/10.1002/ cpt.1776

Wang, X., Niu, X., An, N., Sun, Y., & Chen, Z. (2021). Comparative efficacy and safety of immunotherapy alone
and in combination with chemotherapy for advanced non-small cell lung cancer. Frontiers in Oncology, 11.
https://doi.org/10.3389/fonc.2021.611012

Zhang, N., Zeng, Y., Du, W., Zhu, J.,, Shen, D., Liu, Z., & Huang, J.-A. (2016). The EGFR pathway is involved in
the regulation of pd-11 expression via the il-6/jak/stat3 signaling pathway in egfr-mutated non-small cell

lung cancer. International Journal of Oncology, 49(4), 1360-1368. https://doi.org/10.3892/ij0.2016.3632

Zhou, S., & Yang, H. (2023). Immunotherapy resistance in non-small-cell lung cancer: From mechanism to clinical
strategies. Frontiers in Immunology, 14. https://doi.org/10.3389/fimmu.2023.1129465

Zhu, C., Anderson, A. C., & Kuchroo, V. K. (2010). TIM-3 and its regulatory role in immune responses. Current
Topics in Microbiology and Immunology, 1-15. https://doi.org/10.1007/82_2010_84

ISSN: 2167-1907 www.JSR.org/hs 16


https://doi.org/10.3389/fonc.2021.611012
https://doi.org/10.3892/ijo.2016.3632
https://doi.org/10.3389/fimmu.2023.1129465
https://doi.org/10.1007/82_2010_84



