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Abstract

Aim: Cancer as a complex disease poses significant challenges for both diagnosis and treatment. Researchers have
been exploring various avenues to find effective therapeutic strategies, with a particular emphasis on cellular
signaling pathways and immunotherapy. One such pathway that has recently been suggested is the PD-1/PD-L1
pathway, which is an immune checkpoint signaling system that plays an important role in regulating the immune
system and maintaining tissue homeostasis. Cancer cells exploit this pathway by producing PD-L1, which attaches
to PD-1on T cells, thus inhibiting immune responses and enabling the cancer cells to escape detection by the
immune system. This study aimed to evaluate the role of the PD-1/PD-L1 pathway in cancer pathogenesis and
treatment. Method: This study was performed based on the principles of Preferred Reporting Items for Systematic
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Reviews and Meta-Analysis (PRISMA). All in vitro, in vivo, and clinical studies that were published in English have
been considered during a thorough search of the Scopus, Web of Science, and PubMed databases without date
restriction until March 2024. Results: According to the studies reviewed, the PD-1/PD-L1 signaling axis suggests
promising therapeutic effects on various types of cancers such as non-small cell lung cancer, melanoma, breast
cancer, hepatocellular carcinoma, squamous cell carcinoma, and colorectal cancer, among others. Additionally,
research suggests that immune checkpoint inhibitors that block PD1/PD-L1, such as pembrolizumab, atezolizumab,
nivolumab, durvalumab, cemiplimab, avelumab, etc., can effectively prevent tumor cells from escaping the immune
system. Moreover, there might be a possible interaction between microbiome, obesity, etc. on immune
mechanisms and on the immune checkpoint inhibitors (ICls). Conclusion: Although we have gained considerable
knowledge about ICls, we are still facing challenges in effectively prescribing the appropriate ICls for individual
patients. This is largely due to the complex interactions between different intracellular pathways, which need to be
thoroughly studied. To resolve this issue, it is necessary to conduct more reliable clinical trials that can produce a
scientific consensus.

Keywords: PD-1/PD-L1 pathway, cancer, immunotherapy, immune checkpoint inhibitors

INTRODUCTION

Cancer, one of the leading health issues worldwide, continues to pose significant challenges in terms of its
treatment and management. Over the years, the search for effective therapeutic strategies has led researchers
to explore the intricate world of cellular signaling pathways and immunotherapy"*. However, the idea of
using cellular signaling pathways to treat cancer was called the “Achilles heel of cancer” back in 2008. The
characteristics of these signaling pathways and their considerable overlaps in different cancers leave no
doubts about their therapeutic benefits””. Novel therapies such as cancer vaccine therapies are beneficial
considering relative side effects, malignant cell cytotoxicity, and overall survival (OS)"". On the other hand,
the PD-1/PD-L1 (programmed death Receptor/Ligand) pathway has been taken into investigation, offering
novel possibilities for cancer treatment”.

The PD-1/PD-L1 pathway, an immune checkpoint signaling system, plays a crucial role in regulating
immune responses and maintaining tissue homeostasis'”. Cancer cells capitalize on this defensive
mechanism by producing PD-L1, which attaches to PD-1 on T cells (specifically T cells), effectively
suppressing immune reactions and evading the immune system's surveillance"". Thus, the usage of the
PD-1/PD-L1 pathway has prompted researchers to understand its mechanisms and potential therapeutic
implications. Researchers have discovered that blocking the PD-1/PD-L1 axis holds tremendous promise as
a groundbreaking therapeutic option. By inhibiting the binding between PD-1 on immune cells and PD-L1

[9,12,13]

on cancer cells, the suppressive effect on immune responses can be reversed .

The potential of PD-1/PD-L1 inhibitors to revolutionize cancer treatment approaches is a turning point in
the field of oncology. However, it is crucial to continue exploring and expanding our knowledge of this
pathway and its undiscovered intricacies. This comprehensive review aims to shed light on the role of the
PD-1/PD-L1 pathway in cancer pathogenesis and treatment. By evaluating its impact on immune evasion,
tumor progression, and therapeutic targeting, complex signaling systems can uncover new approaches for
precision medicine. Moreover, we seek to bridge existing knowledge gaps by analyzing current
immunotherapeutic approaches and identifying areas where further research is warranted. By combining a
deep understanding of the intricate PD-1/PD-L1 pathway with the vast potential of immunotherapy, we
hope that this will lead to personalized, effective, and targeted cancer treatments.
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METHOD

This systematic review was performed to investigate any pathological and pharmacological relationship
between the PD-1/PD-L1 pathway and cancer, based on the preferred reporting items for systematic review
and meta-analysis (PRISMA) checklist as a guideline of the review process (Supplementary Material -
PRISMA ChecKlist). Details are presented in Figure 1.

Information source and search strategy

All English publications investigating the pathological and pharmacological relationship between
PD-1/PD-L1 pathway and cancer were searched using online databases such as PubMed, Scopus, and Web
of Science without date restriction until the end of March 2024 by two independent authors (A.S and S.S).
The following search terms were used for systematic search in the title and abstract:

First: (“Pd-L1 Pathway” OR “PDCD1” OR “CD274” OR “programmed cell death 1 ligand 17 OR
“programmed death ligand 1”) AND (“Breast Cancer” OR “Hepatocellular” OR “Melanoma” OR “Non-
small Cell Lung Cancer” OR “Squamous Cell Carcinoma” OR “Colon Cancer”).

Second: (“Pd-11 Pathway” OR “PDCD1” OR “CD274” OR “programmed cell death 1” OR “programmed
death 17 OR “programmed cell death 1 ligand 1”7 OR “programmed death ligand 1” OR “PDCD1 protein,
human” OR “Programmed Cell Death 1 Receptor” OR “Immune Checkpoint Inhibitors”) AND (“Smoking”
OR “Alcohols” OR “Obesity” OR “Air Pollution” OR “Life Style” OR “Diet” OR “Microbiota” OR
“Nutritional Status”) AND (“drug effects” OR “Drug-Related Side Effects and Adverse Reactions” OR
“Immunotherapy” OR “pembrolizumab” OR “Nivolumab” OR “durvalumab” OR “cemiplimab” OR
“avelumab”).

To prevent any missing articles and select all appropriate publications, Google Scholar, related review
articles, the reference list of all included articles, and conference articles were hand-searched. Finally, a total
of 237 articles were included and categorized into the following seven main headings: PD-L1 Pathway,
Tumorigenesis, Non-small Cell Lung Cancer, Melanoma, Breast Cancer, Hepatocellular cancer, Squamous
Cell Carcinoma, Colorectal Cancer, and Other Cancers. Endnote X9 was used to remove duplications.

Eligibility criteria
Original articles with these criteria were included: (a) published in English; (b) evaluating the mechanism of
PD-1/PD-L1 in cancers.

Exclusion criteria were: (a) studies with a lack of information including unconvertible or non-extractable
data; (b) not being original articles or reviews (news, letters, editorials, conference abstracts, unpublished
manuscripts, and book chapters); (c) low-quality publication; and (d) epidemiological and ecological
studies.

Data extraction

All duplications were removed, and the remaining articles were reviewed by two authors independently.
The screening process was performed in a three-phase process: firstly, the title/abstract of all publications
was reviewed, and then, the full text of all studies was evaluated. Finally, we emailed the corresponding
authors 3 times to get the full-text PDF of the articles that we could not find their full texts. The following
data were extracted based on a pre-defined list by two independent authors: last name of the first author,
publication year, the cellular mechanism of PD-1/PD-L1 in cancer, and any medication used in cancer
treatment related to PD-1/PD-L1 pathway. The retrieved studies were reviewed by the two primary authors
(A.S and S.S) and any disagreements were resolved by the final author (S.M).


https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202405/jcmt4015-SupplementaryMaterials.pdf
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Figure 1. Identification of studies.
RESULTS

PD-1/PD-L1 pathway

Immune checkpoints (ICs) are key factors for many cell functions and immunity. As a result, they play an
important role in many processes such as self-tolerance, reducing peripheral tissue damage, and preventing
autoimmunity"*"?. Unfortunately, troubles can be brought up by misusing these checkpoints, as happens in
cancer. It can be vividly observed that analyzing these checkpoints’ maps and pathways can be of great
importance in controlling cancer”"”, considering the increasing predicted deaths due to cancer in the
future". Over almost 20 years, the discovery of a new molecule proclaimed hopeful prospects. In 1992,
PD-1, a transmembrane protein in T cells involved in cell apoptosis, was discovered at Kyoto University by
Ishida et al.””. Seven years later, in 1999, another molecule that caused inhibition of T cell immune
responses against tissue cells was discovered”'. A year later, the correlation of the newly found molecule
with programmed death-1 protein (PD-1) was observed. This molecule served as a ligand for PD-1,
therefore named programmed death ligand-1 (PD-L1), and could activate a pathway in T cells to inhibit
their responses”. Another molecule called programmed death ligand-2 (PD-L2) was observed in 2001. PD-
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L2 serves the same function as PD-L1 except that it is mainly expressed in antigen-presenting cells (APCs),
but PD-L1 is expressed in various cells including T cells, B cells, natural killer (NK) cells, and epithelial cells,
as well as APCs [Figure 2],

Function and structure of PD-1/PD-L1 pathway

PD-1 is composed of 288 amino acids encoded by Pdcd1, and is present on the surface of T cells, B cells,
and NK cells. It is a transmembrane protein and composed of three parts: an IgV domain serves as the
extracellular part, a transmembrane region, and an intracellular part®”*!. PD-L1 and PD-L2 are two
transmembrane glycoproteins with IgV and IgC domains consisting of 40% amino acid identity”**".

Ligation of PD-L1 and its receptor on T cells inhibits their proliferation and induces their apoptosis. First, it
causes CD4+ T cells to transform into foxp3+ cells. Second, it prevents T cells from going into the S phase of
the cell cycle™. Together, the mentioned activities suppress the immune response. Expectedly, knocking
out PD-1 in mice causes autoimmune-like symptoms as what happens in lupus-like arthritis and
glomerulonephritis; consequently, the importance of the PD-1 pathway in immune suppression and self-
tolerance is magnified”>*”. The complex correlation between different pathways linked to PD-L1 regulation
is shown in Figure 312,

Tumorigenesis

Since the incidence of cancer in immune-compromised individuals is higher, one can readily see that
appropriate immune responses are of great importance in cancer prevention. Regarding the great impact of
the PD-1/PD-L1 pathway as an IC and its role in mitigating immune responses mediated by T cells, it is not

34,35]

far from expectation that the occurrence of cancer can be promoted by the activation of this pathway™***.

Upregulation of PD-L1 is found to be effective in the occurrence of most cancers. However, this
upregulation and its mechanism are not well understood yet, but it is assumed that they are related to pro-
survival factors in cancer cells. Knowing that PD-L1 can be expressed in almost any nucleated cell of the
body, and also due to expression via the presence of IFN-y in the aforementioned cells, it should be
reminded that the more this pathway is observed and understood, the more progress in cancer therapy can

36-43]

be made!

The activation of T cells needs two responses from APCs. First, an interaction between antigenic major
histocompatibility complex (MHC) and T cell receptor (TCR) conveys specificity from antigen recognition.
Second, an antigen-independent signal that is mediated via interaction between molecules on the surface of
T cells and APCs is responsible for the activation of T cells. Without this mechanism, immune responses
will go in vain, and energy will be produced. Therefore, we can call the second mechanism co-
stimulation"***”. Now, it is observable that the upregulation of PD-L1 in tumor cells is not unexpected. This

upregulation is assumed to be related to oncogenic pathways; meanwhile, ongoing studies are indicating
it[46—49].

NON-SMALL CELL LUNG CANCER

Despite the complicated effects of the PD-1/PD-L1 axis in tumorigenesis, many studies have observed
various connections between cancer and this axis'™’. The first cancer to be analyzed in this paper is non-
small cell lung cancer (NSCLC), which is known as the first cause of death globally*". Studying PD-L1
expression in NSCLC has two benefits. First, high expression of PD-L1 can be a prognostic factor for the
development of cancer into more advanced stages, despite different findings. Additionally, silencing PD-L1
reduces the development of advanced stages and increases the survival rate™>*!. Furthermore, patients
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Figure 2. Regulation pathway and molecules of PD-L1/PD-1 axis. Different molecules and pathways such as PI3K/AKT, JAK/STAT, and
MAPK may affect NK cell therapy and lead to failure.

T Cell

PD-1

Upregulation

PD-1\ ?\ PI3K <
. _,@ &g |

0 v PIP2
STAT3. v

PD-L1 D 0 1 PIP3) —

a4 L
—- NFK8 GRS

PD-L1

Upregulation

Tumor Cell

PTEN Inhibits ——
Activation ——>

PARP Activates ——=>
ALK Activates —> %

Figure 3. PD-1/PD-L1 pathway concerning other signaling mechanisms. JAK/STAT3 may upregulate PD-1expression in T cells, while on
the other hand, PI3K/AKT, JAK/STAT3, MAPK, and NFKB pathways may lead to PD-L1 upregulation.

with more tumor-infiltrating lymphocytes (TILs) have a higher chance of survival. Considering the role of
PD-L1 in decreasing the number of TILs, it is very important to know about its characteristics to the
fullest"®**¥. Moreover, PD-L1 expression is significantly affected by the activation of other cellular pathways
such as EGFR. It has been proven that EGFR activation induces PD-L1 expression, preventing the
encounter of immunosuppressive agents with the host’s antitumor immune response. As a result, the usage
of EGFR tyrosine kinase inhibitors together with PD1 blockers can predominantly decrease the risk of

resistance and lengthen the treatment duration [Figure 4],

Immunotherapy has been suggested as a potential treatment, considering the essence of the PD-1/PD-L1
axis. Immune checkpoint inhibitors (ICIs) have been used in the treatment of NSCLC for many years, and
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Figure 4. The EGF binds with its receptor and, through a cascade of reactions via activation of 3 pathways, consequently induces
transcription of the PD-L1 gene; (1) c-Cbl activates NCK and then activates JNKs, and finally, transcription of PD-L1 gene is induced via
activation of c-Jun. (2) JAK2/STAT1 pathway induces transcription of PD-L1 gene. (3) Ras-BRAF-MEK-ERK induces PDLT transcription.

this has continued to be the case because of their good safety, low toxicity, and well-tolerated nature. The
first drug is nivolumab, a U.S. Food and Drug Administration (FDA)-approved monoclonal antibody
against PD-1, which was used as the second-line therapy for patients with advanced squamous NSCLC in
2015, Pembrolizumab is another well-known member of anti-PD-1 antibodies, which was approved by
the FDA in 2015 as a second-line treatment, the same as nivolumab®. However, the use of pembrolizumab
was further expanded. In the case of metastatic tumors with greater than 50% PD-L1 expression,
pembrolizumab can be used as the first-line treatment, while nivolumab is the drug of choice for second-
line treatment, regardless of PD-L1 expression"™. It is noteworthy that higher PD-L1 expression is generally
linked to better results of ICI therapy'*”, yet burdens always lie ahead. Low RR and survival of patients going
through ICI therapy, specifically those with metastatic and advanced NSCLC, created new urges for
medicine'’. Although RR in many clinical trials revolves around 20% to 30%'*”, it may be surprising to
mention that the underlying reason for this low RR is not necessarily the weakness of these drugs. There are
so many complications in the interaction of the PD-1/PD-L1 axis with the internal cellular mechanisms,
many of which are still unknown. Therefore, it can be concluded that the reason for this low RR may be the
physician’s inability to identify the right cases for therapy with ICIs"***.

One solution for this is to look at this axis from a new point of view and target PD-L1 with monoclonal
antibodies (mAbs). Atezolizumab, durvalumab, and avelumab are some examples; fortunately, they have
shown promising results up to now. On the other hand, it is proven through studies that analysis of the
proliferation of CD8+ cells and expression of PD-L1+ mRNA/protein, together as a signature, tends to be a
better prediction tool for evaluating the patient’s response to durvalumab, in comparison with manual PD-
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L1 ITHC scoring"*!. Combinational therapy is the next solution. Chemotherapy, the very basic and well-
known treatment strategy for cancer, has shown improved results in combination with pembrolizumab'™!. A
study conducted recently reported meaningful improvement in objective RR and progression-free survival
(PES) after using tiragolumab in combination with atezolizumab compared to atezolizumab alone'*”. Some
studies have tried to target other surface molecules besides PD-1. One successful example of this is the
positive results received from combining ramucirumab, a VEGFR2 inhibitor, with pembrolizumab'*!. ALT-
803 is a pharmacological grade IL-15/IL-15Ra complex fused to an IgG1 Fc that can be combined with
nivolumab to obtain better results'*. Platycodon grandiflorum (PG), a Chinese traditional homology,
possesses immunomodulatory effects on T cells via inhibiting PD-1 expression, leading to NSCLC
suppression. A combination of platycodin D and platycodin D3, molecules of the same family as PG, has
also shown antitumor effects'””. It is reported that high-dose ionizing irradiation has been effective in PD-L1
expression upregulation, and therefore, blockade of this pathway improves the effectiveness of radiotherapy
through mechanisms that are mainly carried out by cytotoxic T cells. Consequently, anti-PD1 and anti-
CTLA4 (Cytotoxic T lymphocyte antigen-4) therapy, together with radiotherapy, tends to cause an elevation
in tumor-specific T cells”®”. In the case of combinational therapy, a recent study has indicated that NSCLC
patients receiving a daily dose of Aspirin in combination with PD-L1 inhibitors (Durvalumab or
Atezolizumab) showed more likelihood of regaining complete remission and indicated less chance of PD
complications'®. Finally, considering the use of new therapies, it should be mentioned that up to now, the
use of small molecules and tumor vaccines has proven to be possible and valuable therapies for cancer, and
NSCLC is not an exception. However, their usage requires to be further investigated'*”.

Analyzing the PD-L1 axis in NSCLC has indicated that high expression of this ligand can be a prognostic
factor in evaluating the development of cancer in advanced stages and its grading. Additionally, it is proven
that silencing PD-L1 reduces the development of advanced stages and increases the survival rate.
Furthermore, patients with more tumor-infiltrating lymphocytes (TILs) have a higher chance of survival.
Considering the role of PD-L1 in decreasing the number of TILs, immune checkpoint inhibitors (ICI)
functioning as anti-PD-1 antibodies such as Nivolumab and Pembrolizumab have been suggested as drugs
of choice for the treatment of NSCLC due to safety, low toxicity, and also well-tolerated nature. On the
other hand, the low RR and survival rate of patients undergoing ICI therapy have led us to learn more about
the complications and interaction of the PD-1/PD-L1 axis with the internal cellular pathways. As a result, a
solution is to target PD-L1 with monoclonal antibodies such as Atezolizumab, Durvalumab, and avelumab.
In addition, it would be more effective if these mAbs were combined with chemotherapy, mirroring what
has been observed in the combination of tiragolumab with atezolizumab, resulting in increased effectiveness
compared to atezolizumab alone. On the other hand, some studies have targeted other surface molecules in
addition to PD-1, for instance; ramucirumab, which is a VEGFR2 inhibitor, has presented positive results in
combination with pembrolizumab. Other examples are Platycodon grandiflorum, a Chinese traditional
homology, and ALT-803, a pharmacological complex fused to an IgG1 Fc. Finally, it should be mentioned
that the usage of vaccines and other small molecules for the treatment of NSCLC should be further
investigated.

MELANOMA

The complexity of regulation persists, and many signaling pathways are involved in the regulation of PD-L1
expression. BRAF mutations are present in 66% of melanomas and are the most abundant mutations in it.
Their occurrence is so high that some types of melanomas are categorized based on the type of BRAF
mutation causing them. Other signaling pathways like MAPK and PI3K can cause upregulation of PD-L1
through the activation of different molecular mechanisms as well. One of the most common ways for the
oncogenic activation of the PI3K pathway, especially in malignant melanoma patients, is the loss of PTEN
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protein™. It has also been proved that PTEN loss is usually followed by BRAF mutations, so MAPK and
AKT pathways are activated in parallel and lead to melanoma”"”?. Based on these correlations, combination
therapies may yield better results than mono-target therapies [Figure 5]. Making this complexity more
complex, the presence of TILs in the tumor microenvironment (TME) appears to be a good sign, but in a
study conducted in 2012, the production of inflammatory cytokines such as IFN-Y by TILs could enhance
the expression of PD-L1, thus having counter effects on immune response™ . NK cells from innate
immunity have initial responses against tumors. Tumors can suppress NK cells by creating an immune
suppressive microenvironment, upregulating ligands for inhibitory receptors, recruiting
immunosuppressive cells such as Treg cells, and secreting IDO, PGE2, and anti-inflammatory
cytokines*”. Tumor-associated fibroblasts play a pivotal role in the inhibition of NK cells. PGE2 produced
by these cells prevents IL-2-driven upregulation of triggering receptors, thus NK cell inhibition". It was
shown by Alavi et al. that interferon signaling was also inhibited in cases of melanoma'”. Regulating
mechanisms affecting PD-L1 resemble an iceberg and we need to dig deeper to take the upper hand against

cancer”.

Back in 2011, the first drugs affecting the PD-1/PD-L1 axis received FDA approval. Before this time, most
drugs used for different types of melanomas focused on molecules produced by immune cells, such as
interleukin-2 and IFN-Y. Nivolumab, vemurafenib, ipilimumab, and pembrolizumab were among the first
FDA-approved drugs to inhibit ICs, therefore earning the classification as ICIs. These drugs are currently
the first line of treatment for both types of melanomas, melanoma of unknown primary (MUP) and
melanoma of known primary (MKP). MUP patients exhibit comparable survival rates to MKP stage IV
patients. This is attributed to the shared immunological mechanisms that contribute to the regression of the
primary tumor, ultimately leading to a more favorable prognosis for MUP patients compared to MKP
patients.” Nivolumab and pembrolizumab have 30%-33% RRs, while Vemurafenib shows a 48% RR™*.
Approximately low responses point out the importance of finding other therapeutic ways or improving the
previous strategies in some way.

However, the whole medication is not limited to ICIs. In 2020, S-adenosylmethionine (SAM), a methylating
agent, was proven to not only show anti-melanoma effects but also boost the action of anti-PD-1 drugs"™.
Cytokines are still being investigated for optimal usage!®’. Next, some researchers have gone beyond PD-1
molecules and focused on other agents with the ability to affect other molecules of cancer cells. CD155 is a
ligand on the surface of melanoma cells that suppresses T cells. The combination of CD155 and PD-1
blockade is more effective in improving the ability of the immune system to take part'*. PCC0208025 is a
molecule that prevents the binding between PD-1 and PD-L1 and bears its antitumor role in this way™.
PD-L1 should not be forgotten among all the attention given to PD-1. Alongside antibodies, other
molecules can also affect PD-L1. Aptamers, which are single-stranded nucleic acids with the ability to bind
to proteins and cells, can bind to PD-L1 and stop tumor growth®. Some other chemicals such as celastrol
(CEL) are also claimed to be effective. CEL can do two important things: First, it causes cell death; second, it
will downregulate PD-L1, which is helpful®”. Nanomedicine can also be used for transferring drugs such as
docetaxel with two primary benefits: First, lesser systemic toxicity, and second, more accumulation of the
drug in the tumor site!*.

Yet, the capacity of PD-L1 for treatment is way more than what was discussed earlier. A combination of
PD-L1 immunotherapy with other drugs can bring in better results. For instance, a combination of GK-1, a
peptide derived from helminth Taenia Crassiceps, with an anti-PD-L1 therapy can increase survival time
and enhance T cell function in mice models**”. PV-10, a 10% solution of rose bengal disodium, is another
chemical that has synergistic effects when used with an anti-PD-L1 antibody. Therapy with these two drugs
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Figure 5. Basic oncogenic pathways in melanoma. BRAF mutations are mostly common and, in the end, lead to the expression of PD-L1.
The PI3K pathway is usually activated simultaneously and is inhibited by PTEN.

can delay tumor growth in mice models”. Transferring the drugs to the site of the tumor is also another
topic of debate. Different ways of transferring enable the usage of specific drugs or access to new points of
lesion or tumor for treatment. Gels loaded with anti-PD-L1 antibodies and may be some contributing
medicine can be a revolutionary idea. They can be injected or physically applied to the site of the tumor and
bear preventative advantages parallel to therapeutic ones'”>*".

Due to a better understanding of intracellular pathways, there is a greater temptation every day that
boosting or blocking some pathways may result in control of the PD-1/PD-L1 axis. This article focuses on
PD-L1 rather than PD-1 because it is expressed and regulated by the tumor cells. As previously mentioned,
BRAF mutations are important oncogenes in melanoma. Vemurafenib and dabrafenib, two BRAF
inhibitors, have shown great efficacy in clinical studies. Dabrafenib is a drug with the unique ability to
inhibit only mutant BRAF. MAPK and PI3K pathways are two other important signaling pathways that
control the expression of PD-L1 and are being studied intensively””. A recent study has drawn attention to
a novel regulating molecule, c-jun. c-jun is a proto-oncogene protein that contributes to the formation of
AP-1, a transcription factor. It is notable to say that c-jun was the first oncogenic transcription factor
discovered”, but remained in shadows. Activation of c-jun can lead to PD-L1 expression and its
consequences. Alianthone, a traditional Chinese medicine, is found to be effective in ceasing c-jun-
dependent PD-L1 expression. New technologies, as a big trend in medicine, have led some studies to
follow the hypothesis of combining cancer vaccines and anti-PD-1 antibodies and have improved

results®”*,

While PD-L1 expression level is thought to be a good predictive marker for RR or treatment"*”, Taube ef al.
have introduced the idea that although PD-L1 expression can be a good predictive marker, it can be a sign
of immunogenic tumor and probably more aggressive ones”'*". Only one side effect of therapy using anit-
PD-1/PD-L1 antibodies has been mentioned so far, but it is righteous to hint at numerous clinical studies

102]

that work on the side effects of these drugs and have reported different cases, from colitis to myocarditis"*.
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Melanoma, as the deadliest cutaneous cancer, has a high profile of PD-L1 expression. One primary reason is
the overactivity of other signaling pathways such as BRAF, PI3K, and MAPK. PD-L1 blockade has long
been considered the first-line treatment. However, not very gratifying results of these drugs are forcing
pharmaceutics to find alternatives. These alternatives can be immunomodulators, drugs to use alongside
ICIs, chemicals affecting PD-1, or nanoparticles to carry compounds to the wanted site. Many of these
innovatory modalities are still being probed in clinical trials, but up to now, they have been shown to be
righteous substitutes or companions for ICIs.

Investigating several articles, we highlighted the complexity of regulating PD-L1 expression in melanoma,
regarding the involvement of various signaling pathways and the impact of TILs in the tumor
microenvironment. Drugs targeting the PD-1/PD-L1 axis, such as Nivolumab, vemurafenib, ipilimumab,
and pembrolizumab, are used as first-line treatments for some types of melanoma. Additionally, other
therapeutic approaches, including the use of S-adenosylmethionine (SAM), CD155 blockade, and molecules
like PCC0208025 and celastrol, are mentioned. Furthermore, the potential of combining PD-L1
immunotherapy with other drugs for better outcomes is also discussed, along with the use of nanomedicine
for drug delivery to tumor sites.

BREAST CANCER

Breast cancer is the most common cancer in women worldwide. It is also one of the most burdensome
cancers, especially in developing countries"*. More invasion and higher resistance are observed in tumors
with a more active PD-L1 profile"". Further, the expression of PD-L1 is an advocate for creating an
inhibitory TME"”. However, there are also unexpected roles for PD-L1. For instance, higher PD-L1
expression can result in blockage of nociceptor neurons, therefore reducing the pain in BC patients"*.
Besides the comfort it brings for the patient, one can look at this feature as an obstacle in the treatment
process mainly because most people seek care after the onset of symptoms.

Talking about signaling, the PTEN pathway has an inhibitory effect on PD-L1 expression, but its role in
breast cancer is emphasized since 30% to 40% of primary breast tumors are accompanied by PTEN
mutations"””. Other pathways are also involved in breast cancer tumor progression that are described in
Pigure 6[26,108,109].

Once again, ICIs are a common option for treatment. The well-known drug pembrolizumab has a 20%
response rate, yet it is not that much. Combinational therapy can be a possible solution. Administering
pembrolizumab and a PARP inhibitor (niraparib) is more effective than monotherapy with each"". ICIs
against PD-L1 are not left intact either. Atelizumab, the first anti-PD-L1 drug approved by the FDA, has a
19% RR in BC"". Its combination with nab-paclitaxel is attested by the European Medicines Agency (EMA)
to be effective in cases of BC with more than 1% of PD-L1 expression'"”.. Avelumab is another anti-PD-L1
drug with two advantages. First, it can be useful in metastatic cases of BC, and second, it can boost immune

cell activity"””..

Similar to the use of nanoparticles in melanoma treatment, the treatment of BC with nanoparticles is
gaining scientific interest. These particles are instructed to inhibit PD-L1 or decrease its expression" """, In
2019, a study introduced a nanomolecular formulation with 90% inhibition"'”. Nanoparticles can also be
used as drug delivery systems with promising results"'*. Looking at the RRs of current drugs against ICs,
this rate of inhibition is a miracle. Vaccines are another agent of modern treatment that show inhibitory
effects on tumors"'”, and a study observed more efficacy when anti-PD-L1 antibodies were combined with
dendritic cell (DC) vaccines*®. Several dispersed studies are working on different treatment options. These
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studies suggest several other choices such as olaparib with Oligo-Fucoidan"'"”, STM108, a conjugate
antibody against PD-L1"*", Triptolide, a diterpenoid epoxide'*', and miRNAs"*! as treatment strategies for
breast cancer.

Among clinical trials revolving around different types of BC, pembrolizumab has been under attention"*".
A trial conducted in 2019 scrutinized the use of niraparib in combination with pembrolizumab, a treatment
strategy that was previously suggested by another study and mentioned in this paper!*’. Although this trial
only included 5 patients with BC, it reported this combination to be tolerable in all patients of the study,
whether with BC or ovarian cancer”". A global clinical trial in 2022 reported constructive results for a
combination of PD-L1 inhibitors with nab-paclitaxel, a nanoparticle albumin-bound form of paclitaxel"**.

PI3K mutations and PD-L1 expression together in patients with metastatic breast cancer have shown poor
prognosis associated with low overall survival (OS) and relapse-free survival (RFS)"*. On the other hand, a
study done in 2017 showed a positive correlation between PD-L1 expression, OS, and disease-free survival
(DFS) rate in TNBC patients. It is also mentioned that there is a strong association between PD-L1 and the
prevalence of TILs, which is an important prognostic factor for these patients. Overall, the connection
between PD-L1 and OS is not demonstrated"”"**). There is a strong correlation between PD-L1 and MDR1
protein which results in chemotherapy resistance, especially in the TNBC subtype!*”. Inhibiting BET
proteins such as BRD 2, BRD3, and BRD4, which fundamentally regulate PD-L1 expression in TNBC, can
be profitable*. The intrinsic effect of PD-L1, independently of its binding to PD-1, is proved in TNBC cell
proliferation, colony formation, migration, and invasion in chick embryo chorioallantoic membrane (CAM)
model in vivo'*.



Sabaghian et al. J Cancer Metastasis Treat 2024;10:19 | https://dx.doi.org/10.20517/2394-4722.2024.15 Page 13 of 33

We discussed the significance of PD-L1 expression in breast cancer, highlighting its role in creating an
inhibitory tumor microenvironment but also noting unexpected benefits such as pain reduction. The
impact of other signaling pathways like PTEN on PD-L1 expression and the prevalence of PTEN mutations
in tumors are also under attention. Possible and common therapies with great outcomes include using
immune checkpoint inhibitors (ICIs) like pembrolizumab and atelizumab, as well as combination therapies
with drugs like niraparib. Additionally, the potential of nanoparticles in inhibiting PD-L1 expression and
serving as drug delivery systems is significant. The efficacy of vaccines and other treatment options such as
olaparib, STM108, Triptolide, and miRNAs in breast cancer therapy should be mentioned. Clinical trials
involving pembrolizumab, niraparib, and PD-L1 inhibitors with nab-paclitaxel have shown promising
results in the treatment of breast cancer.

HEPATOCELLULAR CANCER

The footprint of PD-L1 can be traced to hepatocellular cancer (HCC), a cancer with an estimated number of
more than 1 million incidences by 2025 globally'. Logically, there are pathways to regulate PD-L1
expression. IFN-Y, IFN-c, and osteopontin can upregulate PD-L1 expression and cause immune invasion of
tumor cells"***”.. CD8-positive T cells that are recruited from the tumor microenvironment play an
important role in inducing a partial tumoricidal immune response. These cells also promote upregulation of
PD-L1 by secreting IFN-Y"*. On the contrary, some molecules like WSX1, an IL-27 receptor, can
downregulate PD-L1 expression and be of help in HCC treatment"*”. The role of DHA combined with EPA
treatment on renal IR injury has been previously evaluated and showed that pre-ischemic exposure to a
combination of DHA and EPA inhibits IR-induced oxidative stress and apoptosis"*”. This combination has

141,142]

shown many other benefits such as hippocampal neuron survival after ischemia! .

Internal factors are not the only reason for the development of HCC viral agents, especially hepatitis; the
virus can cause HCC with complications. However, the expression of PD-L1 and characteristics of the TME
are not different in virus or non-virus-associated types. Once more, ICIs are a strategy that shows a 14% to
20% RR and have the same effects on different types of HCC, since different types of HCC have almost no
difference in PD-L1 expression and TME. However, pembrolizumab and nivolumab exhibit positive results
in patients who primarily received VEGF-targeted therapy in virus-associated HCC"* and can be used as a
treatment for patients with advanced HCC"*. Similar to BC, the use of PARP inhibitors in combination
with anti-PD-1 drugs can be more effective than monotherapy with each. Olaparib is a PARP inhibitor that
is confirmed to be effective in ovarian cancer and its use in other cancer forms is being investigated"*’, but
it shows positive results in HCC when used in combination with anti-PD-1 drugs"*!. Dihydroartemisinin
(DHA), an antimalarial medicine, enhances the effect of anti-PD-1 therapy by inhibiting YAP1 and
reducing lipid droplets (LD)"*. A new therapeutic approach for HCC patients with upregulated Gasdermin
D (GSDMD) involves combining a GSDMD inhibitor with anti-PD-1 treatment. GSDMD facilitates the
STAT1-induced transactivation of PD-L1 by modulating calcium (Ca*) influx, promoting PD-L1
expression through histone deacetylases/signal transducer pathways, and influencing potassium (K*) efflux
(similar to the effect of diazoxide), which leads to increased autophagy"*”'**.. Adenosine 5'-triphosphate
(ATP)-dependent potassium channels [K(ATP)] have been currently targeted for the treatment of different
diseases using Diazoxide such as acute gastric ulcerations (EAGU)"*' and indomethacin-induced gastric
ulceration (IIGU)"*\. Details of the HCC signaling pathway are presented in Figure 7"*°"*.

Unfortunately, ICI therapy does not have enough RRs in many patients with HCC; therefore, finding
replacements is necessary. The usage of meloxicam with anti-PD-1 therapy is observed to reflect enhanced
results"”. Androgen receptors (ARs) are shown to downregulate expression of PD-L1. Since men are more
prone to HCC and dihydrotestosterone (DHT) is a ligand with high affinity for AR, this receptor can be a
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Figure 7. Signaling pathways in HCC. Activation of WNT, VEGF, and EGFR receptors may lead to HCC tumor progression through
PI3K/AKT, B-catenin, and Raf/ERK cascade.

target against HCC specifically in men!*". In the case of advanced HCC, nivolumab and sorafenib, a multi-
kinase inhibitor, have shown promising results. Small patient cohorts have reported sunitinib, bevacizumab,
epidermal growth factor receptor (EGFR) inhibitors, and mammalian target of rapamycin (mTOR)
inhibitors to be effective, too!*>*¢!,

In summary, IFN-Y, IFN-c, and osteopontin can upregulate and some molecules like WSX1 can
downregulate PD-L1 expression. Moreover, many drugs showed positive results such as pembrolizumab
and nivolumab in virus-associated HCC, Olaparib in ovarian cancer, and a combination of Gasdermin D
(GSDMD) inhibitor and anti-PD-1 in GSDMD upregulated-HCC.

SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma (SCC) is the second most common cause of skin malignancies'™”, and it is not an
exception to other cancers reviewed in this article in case of having correlations with PD-L1. Higher
expression of PD-L1 is observed in some earlier histological changes that lead to SCC such as oral
epithelium dysplasia (OED)"*". The significance of PD-L1 expression is of great concern here, as its
expression exceeding 1% can be associated with unfavorable prognostic outcomes"”. A unique
characteristic of SCC is its multiple subtypes, which are categorized based on their anatomical site of
occurrence, such as oral squamous cell carcinoma (OSCC), head and neck squamous cell carcinoma
(HNSCCQC), and so on. As a result of this variation, different patterns of PD-L1 expression are found in each
type. One advantage of studying these patterns is to understand the differences in finding the optimum
treatment in each case!"” [Figure 8]. The following paragraphs are dedicated to unique findings about PD-
L1 expression/regulation in the most important subtypes of SCC.
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PI3K and mTOR get activated, respectively. Activation of mTOR is responsible for genetic changes in the cell. There is also a novel
regulatory pathway started by TOPK that finally triggers genetic changes by STAT3. (C) Cutaneous SCC. (D) Oral SCC. By binding the
growth factors to the receptor tyrosine kinase, GEFs get activated. Due to that, some different pathways including SRC/STAT,
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Oral squamous cell carcinoma

A fascinating finding about OSCC is the higher chance of nodal metastasis associated with high PD-L1
expression"*"'?l. Progression of dysplasia to OSCC ensures the high expression of PD-L1 and its role in pre-
malignancy immune tolerance"®. PD-L1 positive group is supposed to be more severe, as it is seen in a
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study that lymph node metastasis is more and median disease-free survival is lower than PD-L1 negative

group of patients with tongue squamous cell carcinoma. However, there is no difference in tumor size"*".

Esophageal squamous cell carcinoma

Pathology and depth of esophageal squamous cell carcinoma (ESCC) are positively related to PD-L1
expression"*”. A meta-analysis conducted in 2018 assessed data collected from almost 3,000 patients and
reported that distant metastasis of ESCC has a two-sided link to PD-L1 expression, but unlike what we said
about OSCC, nodal metastasis is not correlated with PD-L1 expression level"*

Vulvar squamous cell carcinoma

Effects of high PD-L1 expression in vulvar squamous cell carcinoma (VSCC) are more serious than other
types of SCC we have discussed up to now, as it is shown to be related to a higher risk of occurrence and
mortality"*”. Yet, there is an interesting finding about the effects of high PD-L1 expression in VSCC. It is
shown that PD-L1 expression can cause inflammation in the site of the tumor; consequently, the higher the
inflammation, the higher the PD-L1 expression and the chance of successful anti-PD-L1 therapy"*.

Cervical squamous cell carcinoma

Unlike other types of SCC we have discussed until now, there are not many clinicopathological associations
with high PD-L1 expression in cervical squamous cell carcinoma (CSCC)"*”.. However, measuring PD-L1
expression can still be valuable as it is recognized to be a prognostic factor in studying cervical lesions"™. Tt
is mentioned in a study conducted in 2017 that there is a higher rate of PD-1 expression in squamous cell
carcinoma in comparison to adenosquamous carcinoma (37.8% vs. 28.6%)""". High PD-L1 expression does
not confirm the clinical presentation; however, it is notable that there was a higher expression of PD-L1 in
young patients. As patients respond to chemotherapy clinically, it is more probable to see a decrease in
PD-L1 expression. There is no any association between the increase in PD-L1 expression and the patient’s
clinical presentation'””. There are two different possible patterns of PD-L1 expression: diffuse and marginal,
which are seen in cervical squamous cell carcinoma and cervical adenocarcinoma, respectively. There is a
correlation between the pattern and factors such as disease-free survival and disease-specific survival: a
lower disease-free survival and disease-specific survival in patients with diffuse patterns. It is noteworthy
that positive PD-L1 expression is not associated with patients’ clinical presentations. If the PD-L1-positive
tumor-associated macrophages are presented in patients with adenocarcinoma, the pieces of evidence
confirm a worse disease-specific survival rather than they are not found, but there is no difference in
survival in patients with/without PD-L1-positive tumor-associated macrophages in squamous cell
carcinoma’*”..

Head and neck squamous cell carcinoma

Several studies have reported the relevance of high PD-L1 expression and distant metastasis or lymph node
metastasis. This is the third time that we have seen such a correlation in different types of SCCs reviewed in
this paper. There is probably a positive connection between PD-L1 expression and invasion of the tumor
cells»7>7 Following the strain of metastasis, the same study"” reported a higher rate of PD-L1
expression in patients under chemotherapy and, as a result of higher PD-L1, more chance of metastasis.
Although there are many differences between the types of tumors in the HNSCC category and the patterns
of involvement are diverse, generally, it can be said that the higher level of PD-L1 expression in a tumor can
make this tumor more potent to respond to immunotherapy!”. By using immune chemotherapy, which
refers to a combinational therapy of immunotherapy and chemotherapy, there will be a great increase in
ORR in patients with HNSCC"7**”),
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Pulmonary/lung squamous cell carcinoma
In both types, high expression of PD-L1 is not shown to be correlated with clinicopathological

[159,180

characteristics"*'"*, yet PD-L1 assessment can still be valuable since some studies have suggested its link to

159]

poor prognosis in lung squamous cell carcinoma (LSCC)'

Studying all the above is useless without talking about treatment. Herein, the drugs standing first in the line
are ICIs. The use of anti-PD-1 mAb such as pembrolizumab and nivolumab was first approved by FDA in
2016 as a second-line treatment for recurrent and/or metastatic HNSCC!"*'***?], Based on the positive
outcomes, improved OS and quality of life in studies conducted with pembrolizumab, in 2019, the FDA
approved the use of pembrolizumab as a first-line treatment in patients with recurrent, metastatic, or
unresectable HNSCC with PD-L1 expression with a combined positive score (CPS) = 1", However,
objective response rates (ORRs) of pembrolizumab and nivolumab are only 15%, indicating that research
for more effective treatments is immensely in demand"’. Searching in the world of ICIs, we found
Cemiplimab, another anti-PD-1 mAb without the issue of low RR. A RR of almost 50% has been observed
for this drug with maintenance for 6 months in some patients"*
durvalumab and atezolizumab, which are being used in the treatment of HNSCC, yet their use is not as

I It is good to mention other drugs such as

much as the heads of family, pembrolizumab and nivolumab!’". PD-L1 has not been left intact either.
Durvalumab is an anti-PD-L1 mAb that has shown an 18% overall response rate (ORR) in HNSCC patients
with high PD-L1 expression and an 11% ORR in all patients"*. One may interpret that most mABs against
the PD-1/PD-L1 axis are used in HNSCC. Although this is true to some extent, these drugs are being tried
to be used in other types of SCCs as soon as they are approved"*
and atezolizumab is approved in other types of SCC such as cervical, vulvar, oesophageal, and
oral'®'71%1% T ooking at promising results of ICIs may make us overjoyed, but everything comes with a
cost, and in the case of immunotherapy, toxicity and high costs are two downsides. This should make us

I, The use of pembrolizumab, nivolumab,

more alert to choose the best cases for immunotherapy based on their PD-L1 profile, TME, or whatever is
about to come"*”*, It is worth knowing that immunotherapy is not limited to the PD-1/PD-L1 axis. Many
other molecules like EGFR and LAG-3 are targeted in immunotherapy for SCC treatment, but these studies
and ideas are inchoate and need to be thoroughly investigated"**'*". Parallel to other cancers, intracellular
pathways with regulatory effects on PD-L1 expression can be targeted for therapy. Myc-c is one of these
pathways with great potential for ICIs and has shown such positive results that some consider it a prospect
for treatment. Combinational therapy has also elicited good outcomes. For instance, paclitaxel is a strong
candidate for combination with anti-PD-1 drugs"*.

Beyond theories, it seems that the use of pembrolizumab is the most effective therapy for patients with SCC,
according to current studies and trials. However, ORRs for pembrolizumab and even nivolumab are not
satisfactory yet"*'**”>'* In the case of pembrolizumab, an additional prognostic factor is found. PD-L2,
which is mostly expressed in immune cells, can also be rarely expressed in other cells, and now the better
prognosis is observed in HNSCCs with both PD-L1 and PD-L2 expression"*. Some trials have reported
positive outcomes of anti-PD-1 antibodies in cases of negative PD-L1 tumors. Herein, the PD-L1 blocker,
durvalumab, has also been used and elicited an ORR of 12%, although both these studies reported their
results about HNSCC!"*. As we mentioned earlier, other receptors such as EGFR are being targeted for
immune therapy. Cetuximab, panitumumab, gefitinib, and dacomitinib are all anti-EGFR antibodies that
showed positive results in phase I trials but have not been proven to be clinically useful**.

SCC, as the second most common cause of skin malignancies, has correlations with PD-L1 expression. The
expression of over 1% of PD-L1 shows poor prognosis and outcomes. Due to different subtypes of SCC,
there are also many different patterns of PD-L1 expression. In most SCC subtypes, there is a correlation
between high PD-L1 expression and tumor invasion. However, this correlation is not meaningful in CSSC.
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There are two drugs (pembrolizumab and nivolumab) that were approved by the FDA in 2019 and 2016,
respectively. They are both anti-PD-1 mAb with an ORR of 15%. There are also other useful mAbs such as
Cemiplimab, durvalumab, and atezolizumab for various SCCs. The intracellular pathway can be set as a
target for therapy. There are also other targets like EGFR receptors (Cetuximab, panitumumab, gefitinib,
and dacomitinib).

COLORECTAL CANCER

The role of PD-L1-expressing tumors has been investigated in PD-1 targeting therapy, which has shown
increased antitumor activity due to more immune cell infiltration. However, anti-PD-L1 therapy has been
proven to be more effective in combination therapies for colorectal carcinomas (CRCs). The findings have
validated the involvement of STAT?3 in triggering apoptosis and have shown that inhibiting STAT3 can lead
to decreased PD-L1 expression and increased apoptosis. Inhibiting STAT3 has also led to a decrease in T-
reg populations and function, reducing IL-10 production and immune tolerance to tumor antigens"**'¥".

PD-L1 expression could serve as a novel indicator of an unfavorable outlook in CRC, since it enables tumor
cells to avoid immune detection and bolster the activity of T-regulatory cells"**. PTGS1 (cyclooxygenase-1)
and PTGS2 (cyclooxygenase-2) enzymes produce prostaglandins, including PGE2, which can lead to local
inflammation and enable tumor cells to escape detection by the immune system [Figures 9 and 10].
Experimental proof backs a synergistic impact of aspirin and immune checkpoint blockade in stimulating T
cell-mediated antitumor immune response, suggesting that the activated state of immune checkpoint in cells
within the tumor microenvironment might confer resistance to aspirin. The presence of high levels of
CD3+, CD8+, and CD45RO+ cells in CRC tissue has been linked to improved patient survival, indicating
that their densities, as determined by IHC, can serve as a gauge of the antitumor T cell-mediated immune
response to colorectal tumors. CD8+ T cells play a critical role in PD-1 inhibitors and contribute to
antitumor immunity in CRC. Thus, anti-PD-1 therapy, which relies on CD8+ cells, can impede CRC cell
metastasis to the intestines, liver, and lungs, ultimately extending the survival of CRC mice. This suggests
that inhibiting PD-1 with a focus on CD8+ cells could be a promising treatment for CRC!"**.,

PD-L1 expression could potentially indicate a poor prognosis in CRC. Additionally, higher levels of CD3+,
CDs+, and CD45RO+ cells have been linked to improved patient survival, indicating that the density of
these T cells may reflect an antitumor T cell-mediated immune response to colorectal tumors. Lastly, it is
proposed that inhibiting PD-1 with CD8+ cells could be a viable treatment for CRC.

OTHER CANCERS

Bladder cancer is a prevalent medical condition that ranks as the 10th most common neoplasm worldwide
and the 13th most fatal. In 90% of bladder cancer cases worldwide, the condition is primarily caused by
urothelial cell bladder cancer"*>**. Currently, four PD-1/PD-L1 inhibitors have been approved for treating
locally advanced or metastatic urothelial carcinoma of the bladder and the upper urinary tract. These
include Atezolizumab, Pembrolizumab (used as first-line treatments), Nivolumab, and Durvalumab.
However, there are still many unclear and unfinished aspects of the PD-L1 pathway in advanced urothelial
carcinoma that need to be refined"*>". Surprisingly, some classes of anti-PD-L1 antibodies can block the
interaction of PD-L1 and B7 proteins. This additional blockage is favorable because PD-L1/B7 interaction
can suppress T cells"”*". Anti-PD-L1 drugs have shown positive outcomes in urothelial carcinoma,
NSCLC, and Merkel cell carcinoma treatment"”*. Again, combinational therapy is an option. Axitinib, a
small molecule inhibiting tyrosine kinase, is hypothesized to be effective when used in combination with
pembrolizumab in advanced renal cell carcinoma (RCC). However, evidence in this case is not enough, and
bigger and more complete trials are required””". Therapy with ICls is not limited to malignancies caused by
endogenous mutations, but also malignancies caused by microbiological agents. In virus-associated
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derivatives of PGH2 bind to their receptors and induce their specific effects.

malignancies such as Epstein-Barr virus (EBV)-associated nasopharyngeal cancer, hepatitis B virus (HBV)-
related HCC and HNSCC, and T cell leukemia virus-1-associated T cell leukemia/lymphoma, PD-1/PD-L1
inhibitors have shown promising outcomes for treatment*”. Many clinical trials have been performed to
investigate the effects of various drugs on different cancers [Table 1], yet further research with a higher
number of patients and more follow-up period should be conducted.
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Table 1. List of clinical trials assessing some cancers. Dugs such as camrelizumab, platinum irinotecan, atezolizumab, durvalumab, carboplatin. Oxaliplatin, etc. has shown potential benefits in the
treatment of small cell lung cancer, squamous cell carcinoma, ductal carcinoma, ovarian cancer, rectal cancer, etc.

First author Cancer Drug Dose No._ Follow-up Outcome Adverse effects Type of
patients (month) study
Nietal., 20231 ES-SCLC Camrelizumab & platinum - 19 12.1 Objective response rate of Neutropenia, diarrhea Clinical
(Extensive-stage small irinotecan 89.6% trial
cell lung cancer)
Ni et al,, 2023%%% ES-SCLC Atezolizumab, durvalumab) - 34 121 Objective response rate of - Clinical
plus platinum etoposide 82.4% trial
Patil et al., 2023%%% (LAHNSCC) Radiation with concurrent - 178 255 Improved 2-year overall Mucositis, odynophagia, and Clinical
Locally advanced head docetaxel survival dysphagia trial phase
and neck squamous cell [1vall!
carcinoma
O'Sheaetal., 2023%%! Ductal carcinoma Nelipepimut-S peptide - 13 females 6 Adaptive immune response - Clinical
vaccine stimulation trial
Lietal., 2023109 Bone metastases from QL1206 (denosumab 120 mg 357 18.25 Efficacy, tolerable safety, and - Clinical
solid tumors biosimilar) pharmacokinetics equivalent to trial
denosumab
Penson et al., 20237 Recurrent ovarian Carboplatin, gemcitabine, gemcitabine 87 12 GCl tolerance Nausea, vomiting, neutropenia, Clinical
cancer iniparib (GCl combination) (1,000 mg/mz), anemia, dehydration, trial phase
iniparib (5.6 mg/kg) thrombocytopenia, hypokalemia Il
Zheng et al., 2023"% locally advanced rectal Capecitabine plus oxaliplatin, oxaliplatin 50 Every High level of immune effect - Clinical
cancer chemotherapy, tislelizumab, 130 mg/mz, 3 months trial phase
and radiotherapy tocilizumab 200 mg Il
Topalian et al., 2012"%7 Advanced melanoma, BMS-936558 0.1-10 mg/kg 296 24 Objective response rate of 36% Pulmonary toxicity Cohort

colorectal cancer,
NSCLC, prostate cancer

THE EFFECT OF EXPOSURE ON IMMUNITY AND IMMUNE CHECKPOINT INHIBITORS

The effectiveness of PD-L1/PD-1 pathway inhibitors in treating Non-Small Cell Lung Cancer (NSCLC) could be impacted by environmental factors such as
the patient's microbiota and smoking habits. Smoking status could be a promising alternative prognostic indicator for patients suffering from advanced
NSCLC, especially in combination with TMB value®. A 2019 study revealed that patients with highly diverse gut microbiota tend to exhibit more memory T
cell and natural killer cell aggregation, leading to a better prognosis when treated with nivolumab than patients with less diverse microbiota. This outcome is
attributed to the immune regulatory function of short-chain fatty acids produced in and secreted from microbiota. Bifidobacterium is a microorganism that
can positively affect the efficacy of anti-PD-L1 medications. Meanwhile, species such as Bacteroids (specifically B. fragilis and B. thetaiotaomicron) and
Faecalibactirium have a significant beneficial impact on the efficacy of PD-1 and CTLA-4 blockade® ",
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Response to immunotherapy relies on several factors. One factor to mention is gut microbiota, which is
shown to be potent in cases of melanoma and other cancers such as hepatocellular carcinoma*. It is
demonstrated that the alpha diversity of microbiota is higher in responsive patients to anti-PD-1 therapy;
moreover, specific types of bacteria may be more abundant in the gut of responsive patients”””. In non-
responsive patients, one solution that sparks is changing gut microbiota. Fecal microbiota transplant is one
modality to change the microbiota system; however, very few trials have been established for this modality
and unpromising response rates to immunotherapy after transplant have been reported”**”. Other
modalities such as using chemicals have been experimented. For instance, Diosgenin, a natural steroid
saponin has been able to improve microbiota and antitumor response in mouse models®***”.. A study done
in a cancer center in Hoston showed that the diversity of gut microbes boosts immunotherapy with
nivolumab and the number of CD8+ T cells in metastatic melanoma patients, especially when there is an
abundance of Clostridium species'*.

The relationship between the gut microbiome and the response to immune checkpoint inhibitors (ICIs) is
not fully understood, but it is believed that gut microbial metabolites play a crucial role in linking the gut
microbiome to systemic immunity. Short-chain fatty acids (SCFAs) are the primary end products of gut
microbe-mediated metabolism, generated through the anaerobic fermentation of dietary fibers in the
intestine. SCFAs exhibit immunomodulatory functions and can impact CD4+ T cells and antigen-
presenting cells. Specifically, butyric acid (BA) and other SCFAs have been found to enhance the expression
of IFNy and granzyme B in CDs8+ cytotoxic T lymphocytes and interleukin-17-secreting CD8+ T cells.
Moreover, SCFAs, particularly BA and Valeric acid (VA), can inhibit histone deacetylases, which have been

[221]

found to increase the response to immunotherapy*'.

The effectiveness of anti-CTLA-4 antibodies was observed to decrease in the absence of gut commensal
bacteria but was notably improved in the presence of two species from the Bacteroidales order
(Bacteroidetes phylum) and one species from the Burkholderiales order (Proteobacteria phylum). These two
species were also discovered to alleviate the histopathological indications of colitis, a common immune-
related adverse event linked to anti-CTLA-4 antibody therapy. By stimulating the production of IL-6, these
microorganisms initiate a series of signals that elevate the levels of suppressor Treg cells in the tumor

222]

microenvironment!

It has been proven that obesity can suppress CD8+ T cell’s antitumor activity through the leptin/PD-L1-
STAT3-FAO (fatty acid oxidation) pathway in breast cancer. This pathway inhibits T cell glycolysis and
releases IFNy and Th1 cytokines™. Thus, immunotherapy with anti-PD-L1 drugs makes a good response
in obese patients”**
that modulate the immune system is imperative. This is crucial to enhance our understanding of how to

| Identifying the molecular mechanisms that enable microbes to communicate with cells

effectively evaluate and quantify the contribution of commensal bacterial populations in promoting the
success of immunotherapy.

DISCUSSION & CONCLUSION

This paper has attempted to have an overall look at cancer and its molecular aspects to shed light on recent
advances and evaluated studies with different characteristics [Table 2]. To our knowledge, there has been no
systematic review to assess all the clinical and empirical data together and prepare it in a comprehensive and
understandable design. Despite the existing knowledge about treatments and medications, it is always
beneficial to look at the existing literature to discover gaps and opportunities to push the field forward and

find better ways to alleviate symptoms such as pain and anxiety in disorders like HNSCC"*.
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Table 2. Summary of the main characteristics of the included studies. Studies are compared based on study design, participants and sample size, intervention, disease type, and provided results

Participants & sample

Study detail Study design size Intervention Disease type Results
Topalian et al.,, 201212%% Clinical trial 296 patients 0.1-10.0 mg/kg of anti-PD-1 antibody every 2 weeks Advanced Objective response to anti-PD-1 antibody
(phase ) melanoma,
colorectal
cancer, NSCLC,
prostate cancer
Choetal., 202214 Randomized Patients with Tiragolumab (600 mg) once 3 weeks NSCLC Tiragolumab plus Atezolizumab combination
trial chemotherapy-naive, PD-L1- for the treatment of NSCLC
(phase I1) positive
Rittmeyer et al., 20172 Randomized, Patients with squamous Atezolizumab 1,200 mg or docetaxel 75 mg/m2 every 3 weeks SCC, NSCLC Improvement of overall survival with
open-label trial  carcinoma or NSCLC atezolizumab versus docetaxel
(phase 1) (18 years or older)
Nomura et al., 202027 Randomized 216 patients Atezolizumab/nivolumab/pembrolizumab monotherapy NSCLC the non-inferiority of ICl discontinuation
trial 1,200/240/200 mg/body for 2/3/3 weeks, pembrolizumab compared to continuation
(phase ) 200 mg/body, and pemetrexed 500 mg/m for 3 weeks
Khan et al,, 2017%%% Case report A 3-year-old woman Two cycles of ipilimumab and nivolumab, last administered 3 Melanoma autoimmune hemolytic anemia
weeks before her presentation
Kunimasa et al., 20181% Case report A 53-year-old man Pembrolizumab NSCLC Skin rash due to reinvigorated CD8'PD-1T
cells
Zahoor et al.,, 2022 Case report A 52-year-old woman Nivolumab 140 mg every two weeks SCC Paronychia, blackish discoloration of the
(43 cycles) nails
Cubillos-Zapata et al., 2019 Cross-sectional 476 patients (aged > 18 - Melanoma Increased serum levels of sPD-L1
years)
Huang et al., 20187 Clinical trial 13 chemotherapy patients Chemotherapy SCC Activation of immune system function in
SCC
Stenmark et al., 2023 Randomized 1,178 patients Radiotherapy Breast Cancer Identification of tumors with immunological
clinical trial biomarkers
(phase 1)
Eichhorn et al,, 20191234 Clinical trial 30 patients with NSCLC Pembrolizumab 200 mg every 3 weeks NSCLC Neoadjuvant immunotherapy, along with
(phase II) stage ll/11 lung surgery
Piersiala et al., 2021 > Observational Patients with SCC - SCC Lymph nodes flowcytometry as a method for
study PD-1level investigation
Miyoshi et al., 201617 Case report a 66-year-old woman with  Nivolumab 2 mg/kg every 3 weeks Melanoma Diabetic ketoacidosis for differential
advanced melanoma diagnosis of patients receiving nivolumab
Vienot et al., 2023237 Clinical trial Patients with HCC Atezolizumab 1,200 mg IV, bevacizumab 15 mg/kg IV HCC Anti-PD-1/PD-L1 therapy plus anti-
(phase II) telomerase vaccine in HCC therapy
Bahig et al., 2019 Clinical trial 35 patients durvalumab 1,500 mg IV every 4 weeks, tremelimumab 75 mg 1V~ SCC Local and systemic disease control by
(phase I & 1) every 4 weeks combining durvalumab and tremelimumab
Yun et al., 2020'%% Case report A 63-year-old man Pembrolizumab 2 mg/kg for 14 months NSCLC Vitiligo-like depigmentation
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Kunimasa et al., 2018

Cuietal,, 20234

Althammer et al., 2019%%

Merhi et al., 2018%*"

Ribas et al., 20167

Pazoki-Toroudi et al., 20094

Habibey et al., 200844

Shoorei et al., 201914

Case report

Case report

Clinical trial
(phase I &11)

Case report

Clinical trials
(phase 1)

Comparative
study

Comparative
study

In vitro

A 48-year-old, never-
smoking woman with left
cervical lymphadenopathy

a 64-year-old man

163 patients

A 71-year-old man

Patients (> 18 years) with
advanced or metastatic
melanoma

Wistar rats (210-150 g)

Male wistar rats (180-240
2)

50 female mice preantral
follicles (12-14-week-old)

Heparin infusion, direct oral anticoagulants
(DOAC)

Two cycles of neoadjuvant tislelizumab treatment coupled with
chemotherapy

Durvalumab

Nivolumab

Pembrolizumab
10 mg/kg every 2 weeks

Xylazine

(10 mg/ke),
Ketamine HCI
(50 mg/kg)

Morphine

(20 mg/kg)
Hesperidin

(22.5, and 50 umol/L)

NSCLC

NSCLC

NSCLC

SCC

Melanoma

I/R injury

I/R injury
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Immediate continuous heparin infusion
improved their symptoms and continuing
pembrolizumab with direct oral
anticoagulant successfully induced tumor
shrinkage

Neoadjuvant immunotherapy for PD-L1-
negative NSCLC patients before surgical
intervention

An automated CD8xPD-L1 signature to
identify NSCLC patients with durvalumab
therapy

The presence of anti-NY-ESO-1 integrated
immunity to identify PD-1 blockade response
in HNSCC patients

Overall objective response rate of 33%

Renal function improved

Protective effect of morphine on kidney

Antifertility effects of hesperidin

Among the clinical trials reviewed, there is a clear diversity of the medications used. It seems that after the early and successful exposure and FDA approval of
pembrolizumab® and nivolumab®”, a consensus for the next medication is still not achieved. Another finding, which authors believe to be a scarcity, is the

existence of few studies that include more than 200 patients. In addition, follow-up periods rarely break through a year. However, a positive current is that the
number of studies conducted in recent years is growing rapidly. Details are presented in Table 2.

Cancer is a hot topic in medicine nowadays and there are vast opportunities for growth and innovation. The first suggestion of the authors is shifting the focus
to other medications rather than pembrolizumab and nivolumab. As mentioned previously, these drugs are proven to be the most effective ones in ICI
therapy, but as we found out, a major detrimental issue is the lack of compatibility between drug and disease'***”!. The trials were mostly designed with drugs
other than pembrolizumab and nivolumab, and combinational therapy was considered well but not enough. As a result, our second applicable suggestion is to

consider new methods and therapies.
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Standing where we are now, applying statistical analysis is currently not possible. The integrity of the data is
not satisfying and the quality of studies is not high, thus preventing researchers from making more serious
attempts. Due to the reasons mentioned, no one can statistically analyze the current literature at the
moment, so one limitation of our study is the comprehensive nature of the final implications. Another
limitation is that we could not assess subtypes of cancer separately and we presented it as a whole material.
Moreover, there is not enough information about the influence of smoking, alcohol, food/drink intake,
obesity, etc. on drug effects and the immune system. Thus, more research in this field is strongly
recommended. The authors could not find any information about molecular pathological epidemiology of
those factors in relation to molecular pathologies and clinical outcomes including effects and side effects of
immunotherapies, which can be considered another limitation of this study. However, this action could not
benefit the goals of this paper and its design to cover the field wholistically. The only goal of conducting this
study was to find out these gaps, and if one wants to remember only one point after reading this paper, it is
the necessity for clinical studies on different types and subtypes of each cancer regarding ICI therapy.
Moreover, the authors visualize a very bright opportunity for analyzing, reviewing, and even proposing new
therapies or guidelines for treatment.
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