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The interaction of the host immune systemwith tumor cells in the tissuemicroenvironment is essential in understand-
ing tumor immunity and development of successful cancer immunotherapy. The presence of lymphocytes in tumors is
highly correlated with an improved outcome. T cells have a set of cell surface receptors termed immune checkpoints
that when activated suppress T cell function. Upregulation of immune checkpoint receptors such as programmed cell
death 1 (PD-1) and cytotoxic T lymphocyte associated protein 4 (CTLA-4) occurs during T cell activation in an effort to
prevent damage from an excessive immune response. Immune checkpoint inhibitors allow the adaptive immune sys-
tem to respond to tumorsmore effectively. There has been clinical success in different types of cancer blocking immune
checkpoint receptors such as PD-1 and CTLA. However, relapse has occurred. The innate and acquired/therapy in-
duced resistance to treatment has been encountered. Aberrant cellular signal transduction is a major contributing fac-
tor to resistance to immunotherapy. Combination therapieswith other co-inhibitory immune checkpoints such as TIM-
3, LAG3 and VISTA are currently being tested to overcome resistance to cancer immunotherapy. Expression of TIM-3
has been associatedwith resistance to PD-1 blockade and combined blockade of TIM-3 and PD-1 has demonstrated im-
proved responses in preclinical models. LAG3 blockade has the potential to increase the responsiveness of cytotoxic T-
cells to tumors. Furthermore, tumors that were found to express VISTA had an increased rate of growth due to the T cell
suppression. The growing understanding of the inhibitory immune checkpoints’ ligand biology, signalingmechanisms,
and T-cell suppression in the tumor microenvironment continues to fuel preclinical and clinical advancements in de-
sign, testing, and approval of agents that block checkpoint molecules. Our review seeks to bridge fundamental regula-
tory mechanisms across inhibitory immune checkpoint receptors that are of great importance in resistance to cancer
immunotherapy. We will summarize the biology of different checkpoint molecules, highlight the effect of individual
checkpoint inhibition as anti-tumor therapies, and outline the literatures that explore mechanisms of resistance to in-
dividual checkpoint inhibition pathways.
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Introduction

Cancer immunotherapy is an emerging and exciting field of cancer
treatments whose main goal is to harness one’s own immune system to rec-
ognize and destroy tumor cells. Various forms of immunotherapy are being
developed and are in variable stages of preclinical and clinical develop-
ment. Forms of immunotherapy include, but are not limited to, monoclonal
antibodies, cytokines, vaccines, and adoptive T cell transfer [1–4]. Decades
of scientific works, aimed at understanding the biology and regulation of T
cell functions, have led to discovery of a set of cell surface receptors that,
when activated, suppress the T cell functions. These receptors are collec-
tively referred to as immune checkpoint molecules [5]. Comprehension of
the inhibitory immune checkpoints’ ligand biology, signaling mechanisms,
and the ensuing T-cell suppression in the tumor microenvironment (TME)
fueled the preclinical and clinical advancements in design, testing, and ap-
proval of agents such as pembrolizumab, nivolumab, and ipilimumab that
block checkpoint molecules. Ipilimumab is approved for the treatment of
melanoma. Nivolumab and pembrolizumab were originally approved to
treat melanoma, and have now also gained approval for the treatment of
renal cell carcinoma, non-small cell lung cancer and more [6]. Durvalumab
and avelumab have recently been developed as monoclonal antibody for
the PD-L1 checkpoint receptor. Durvalumab that has shown great potential
as for the treatment of urothelial carcinoma and avelumab has shown
promising results in the treatment of both urothelial carcinoma andMeckel
cell carcinoma, both of which currently have limited first-line chemothera-
peutic treatment options [7, 8].

Checkpoint inhibition is a novel approach to cancer immunotherapy
and is rapidly showing progress in both clinical and preclinical studies as
an adjuvant and alternative to traditional cancer therapies. The efficacy
of checkpoint inhibition results from releasing T cells from the inhibitory ef-
fects of checkpoint molecules. T cells in the TME, in response to various
TME derived factors, upregulate expression of checkpoint molecules such
as programmed cell death 1 (PD-1), programmed cell death 1 ligand 1
(PD-L1), and cytotoxic T lymphocyte associated protein 4 (CTLA-4). T
cells may also be epigenetically reprogrammed to be poised for expression
of the checkpoint molecules [9]. This upregulation, and subsequent ligand-
interaction mediated downstream signaling leads to suppression of effec-
tive T cell signal transduction, proliferation, cytokine production, and effec-
tor functions such as cytotoxicity [10]. This results in T cells existing in a
state of anergy where they are unable to perform their antitumor effector
functions. Checkpoint inhibitors block these checkpointmolecules allowing
the adaptive immune system to respond to tumors. Therefore, the presence
of existing tumor specific T cells or employment of modalities that generate
tumor specific T cells are required for efficacy of checkpoint inhibition [11,
12]. Checkpoint inhibition has shown tremendous potential to change the
way clinicians treat cancer but not without limitations. One important
2

limitation is innate and therapy induced resistances to checkpoint inhibitor
therapy [13]. Mechanisms of innate and adaptive resistance to checkpoint
blockade immunotherapy are under intense investigation. In this review,
wewill summarize the biology of different checkpoint molecules, highlight
the effect of individual checkpoint inhibition as anti-tumor therapies, and
outline the literatures that explore mechanisms of resistance to individual
checkpoint inhibition pathways. Figure 1 and Table 1 summarize the sig-
naling pathways of various checkpoint molecules discussed in this review,
including PD-1, CTLA-4, LAG3, TIM-3 and VISTA.
Programmed Cell Death 1 (PD-1)

Biology

T cell mediated cellular immunity is tightly controlled bymultiple stim-
ulatory and inhibitory immune checkpoints. One of the major inhibitory
checkpoint molecules, that regulate the T cell functions, is programmed
cell death 1 (PD-1 or CD279), which belongs to the CD28/CTLA-4 family
of the immunoglobulin superfamily. PD-1 is expressed in low levels on rest-
ing cells of the immune system, however, upon activation, PD-1 is induced
on T cells, B cells, NK cells, NKT cells, DCs, and macrophages [21]. The two
main ligands for PD-1 are PD-L1(B7-H1) and PD-L2 (B7-DC) [22]. PD-L1 is
expressed on tumor cells, antigen presenting cells, T lymphocytes, endothe-
lial cells, and fibroblasts, while PD-L2 is primarily induced on DCs, B-cells,
macrophages, and monocytes [23]. PD-L1 binds to PD-1 or CD80 receptors
on activated immune cells, which leads to T cell dysfunction, neutraliza-
tion, and anergy [24]. Overexpression of PD-L1 by tumor cells help them
evade cytotoxic T cell mediated cell death [25]. Ligation of PD-1 on T
cells with ligands PD-L1 or PD-L2, leads to tyrosine phosphorylation of
the cytoplasmic domain of PD-1 referred to as immunoreceptor tyrosine-
based switch motifs (ITSM). This leads to recruitment of src-homology do-
main containing phosphatase 2 (SHP-2) to the cytoplasmic tail of PD-1. Ac-
tivation of SHP-2 leads to dephosphorylation of TCR proximal kinases
leading to inhibition of downstream signaling, cytokine release, prolifera-
tion, and cytotoxic activity while also promoting their apoptosis [14]. PD-
1 signaling on other immune cells such as B cells, dendritic cells, macro-
phages, and NK cells has also been shown to inhibit their functions [26,
27].

Themajor evolutionary role of PD-1may be to regulate T cell activation
and its effector functions during an immune response in order to protect by-
stander tissue from damage, as well as to sustain self-tolerance [28]. Tran-
sient induction of PD-1 expression is a result of T cell activation; but
sustained expression may result in response to chronic antigen stimulation
[29]. T cell signal transduction and various cytokines lead to nuclear factor
of activated T-cells cytoplasmic 1 (NFATC1), signal transducer and



Figure 1. Schematic representationof immune checkpoints and their signaling inT cells A. PD-1:PD-1 ligation leads to tyrosine phosphorylation of the cytoplasmic tail
of PD-1. This recruits SHP-2 to the cytoplasmic tail of PD-1. Activation of SHP-2 leads to dephosphorylation of TCR proximal kinases, causing inhibition of downstream
signaling pathways [14, 15]. B. CTLA4: CTLA4 binds to B7 with a higher affinity than CD28, it then interacts with the tyrosine phosphatase SHP-2 and the serine/
threonine phosphatase PP2A to inhibit T cells [16, 17]. C. LAG3: LAG3 binds MHC class II with greater affinity than does CD4. The signaling pathway for LAG3 has not
been identified but the KIEELE motif has been shown to be essential for its inhibitory effects on CD4 T cells. Neither its effect on Tregs nor the intracellular proteins that
bind it have yet to be identified [18]. D. VISTA: Research has shown that VISTA can function as both a receptor and a ligand, but another ligand, VSIG-3 has also been
discovered. Once bound to VSIG-3, VISTA is able to inhibit T cell proliferation and cytokine production [19]. E. TIM-3: The binding of TIM-3 to its ligand Galectin-9 from
tumor cells leads to phosphorylation of TIM 3 and the release of Bat-3. The release of Bat-3 allows for the interaction of TIM-3 with Fyn thereby mediating Th1 cell
anergy [20]. Abbreviations: Bat3 = HLA (Human Leukocyte Antigen) B-associated transcript 3; CD = cluster of differentiation; CTLA-4 = cytotoxic T-lymphocyte-
associated protein 4; ITIM = immunoreceptor tyrosine-based inhibitory motif; ITSM = immunoreceptor tyrosine-based switch motif; LAG3 = lymphocyte-activation
gene 3; MHC = major histocompatibility class; PI3K = phosphoinositide 3-kinase; P = phosphate; PD-1 = programmed cell death ligand-1; PP2A = protein
phosphatase 2; SHP2 = Src homology phosphatase 2; TCR = T cell receptor; Th1 = Type 1 helper T cell; TIM-3= T cell immunoglobulin and mucin domain-3; Tregs =
regulatory T cells; VISTA = V domain-containing immunoglobulin suppressor of T-cell activation; VSIG-3 = V-set and immunoglobulin domain containing 3.
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activator of transcription 3 (STAT-3), signal transducer and activator of
transcription 4 (STAT-4), activator protein 1 (AP-1), and IFN-responsive
factor 9 (IRF9) mediated PD-1 expression [30, 31]. PD-1 and PD-L1
engagement also leads to suppression of T-cell responses through inhibition
of GATA3 and T-bet. T-bet is responsible for repression of inhibitory
receptors and also for differentiation and function of CD8+ T cells and
Th1 cells [32].
Table 1
Function and qualities of checkpoint inhibition molecules

Checkpoint
Inhibitor

Location Intracellular
motif

Proposed l

PD-1 T cells, B cells, NK cells SHP-2 PD-L1 (B7
PD-L2 (B7

CTLA-4 Tregs PP2A, SHP-2 CD80 (B7-

LAG3 Dendritic cells, CD8 T cells,
CD4 T cells, NK cells, Tregs

KIEELE MHC class

TIM-3 Dendritic cells, Monocytes,
CD8 T cells, T helper 1 cells

FYN Galectin -9
and phosp

VISTA T cells, Neutrophils, Macrophages unknown VSIG-3, VI

Abbreviations: CD = cluster of differentiation; CEACAM1 = carcinoembryonic antige
HMGB1 = high mobility group box 1 protein; LAG3= lymphocyte activation gene-3; L
complex; NK cells = Natural killer cells; PD-1 = programmed cell death ligand-1; PP2A
immunoglobulin and mucin domain 3; Tregs = Regulatory T cells; VISTA= V domain-
munoglobulin domain containing 3

3

Resistance

Pharmacological blockade of PD-1 or PD-L1 has been at the forefront of
immunotherapy for various cancers, as it facilitates efficacious anti-tumor
immune responses by reinvigorating previously exhausted T cells. How-
ever, up to 50% of patients with PD-L1 positive tumors show resistance or
relapse after PD-1/PD-L1 blockade [33]. After an initial response to PD-
igands Effect on T-cell References

-H1)
-DC)

Inhibition Boussiotis et al., 2014

1), CD86 (B7-2) Inhibition Walter et al., 2002;
Parry et al., 2005

II, LSECtin, Galectin-3 Inhibition/T cell exhaustion Anderson et al., 2016

, CEACAM1, HMGB1,
hatidyl serine

Inhibition Das et al., 2017

STA Inhibition Wang et al., 2019

n-related cell adhesion molecule 1; CTLA-4 = cytotoxic T-lymphocyte antigen-4;
SECtin = liver sinusoidal endothelial cell lectin; MHC = major histocompatibility
= protein phosphatase 2; SHP-2 = Src homology phosphatase 2; Tim-3 = T cell

containing immunoglobulin suppressor of T-cell activation; VSIG-3 = V-set and im-
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1/PD-L1 blockade, acquired resistance occurs in most patients [34]. Both
innate and adaptive resistance mechanisms are involved in the heteroge-
neous response to immune checkpoint blockade. Effective immunotherapy
is almost entirely reliant on T cell function [35]. This means that T cell gen-
eration must be intact, the T cells must be able to physically contact tumor
cells, and theymust be able to recognize and respond to their target cells ef-
fectively. Major factors contributing to PD-1/PD-L1 blockade resistance in-
clude constitutive PD-L1 expression in cancer cells, lack of tumor antigens,
ineffective antigen presentation, activation of oncogenic pathways, muta-
tions in IFN-γ signaling, and factors within the tumormicroenvironment in-
cluding exhausted T cells, Tregs, myeloid-derived suppressor cells
(MDSCs), and tumor-associated macrophages (TAMs) [34]. Successes of
PD-1/PD-L1 checkpoint inhibition and mechanisms of immune responses
are reviewed elsewhere [36].

Lack of Neoantigens and Loss of Antigen Presentation
The efficacy of anti-PD1 therapy relies upon tumor antigen-specific T-

cells within tumor tissue, therefore, tumors must express antigens, which
distinguish themselves from non-transformed tissue. Absence of tumor
neoantigens means that T cells recognition of tumor cannot occur, and
this may contribute to failure of PD-1/PD-L1 blockade therapy. Human
melanoma, renal cell carcinoma (RCC), and NSCLC are most sensitive to
PD-1/PD-L1 therapy, and this finding is attributed to the fact that these
are associated with highly immunogenic mutations harbored by these tu-
mors [37]. Poorly immunogenic tumors show a lack of response to PD-1/
PD-L1 blockade [38]. In pancreatic ductal adenocarcinoma (PDAC), check-
point inhibitors are usually ineffective as monotherapy except in a small
subset of patients with a mismatch repair (MMR) deficiency [39]. This
may reflect the fact that microsatellite instability results in increased num-
ber of somatic mutations, which may be translated into neoantigens that
can be recognized by the immune system, increasing responsiveness to
checkpoint inhibitor monotherapies [40]. In fact, anti-PD-1 therapy has
been approved for use in a subset of PDAC patients whose tumors harbor
high microsatellite instability [41]. Loss of antigen-presenting machinery
components such as beta-2-microglobulin (β2M) and HLA is anothermech-
anism to avoid antigen processing and presentation by tumors [42]. β2M is
essential for assembly of all HLA class I complexes, and for MHC presenta-
tion of tumor peptides to T cells [43]. In five cell lines derived from meta-
static melanomas with functional loss of β2M expression, replacement of
β2M was shown to restore antigen processing capabilities of the cells, as
well as recognition of tumor by T cells [44]. In another study of β2Mmuta-
tions in colorectal carcinoma (CRC), it was found that β2Mmutations occur
in approximately 24% of microsatellite instability-high CRCs, and were as-
sociated with β2M loss in 93% of cases. 85% of β2M-mutant CRCs demon-
strated some clinical response to immune checkpoint inhibition [45].

Signaling
Aberrant cellular signal transduction is amajor contributing factor to re-

sistance to immunotherapy. Pathways involved include the PI3K/AKT
pathway, WNT/ β-catenin pathway, JAK/STAT/IFN-γ pathway, and
MAPK pathway [46–49]. PTEN is a tumor suppressor that suppresses the
activity of PI3K [50]. Loss of PTEN is correlated with increased tumor ex-
pression of immunosuppressive cytokines and decreased T cell infiltration
of tumor [46]. PTEN loss leads to increased activation of the PI3K-AKT
pathway, which is correlated with resistance to ICB [46, 51]. Constitutive
WNT signaling pathway activity by stabilization of β-catenin is associated
with increased T cell exclusion from the tumor microenvironment. Defects
in this pathway causing activation of theWNT/β-catenin signaling pathway
are correlated with acquired resistance to PD-1 blockade in patients with
melanoma [47].

The IFN-γ pathway is another major player in resistance to ICB. Upon
recognition of tumor antigens, T cells produce IFN-γ. IFN-γ acts on JAK1
and JAK2 receptors and the signal transducers and activators of transcrip-
tion (STAT), which leads to upregulation of genes involved in antitumor re-
sponses, antigen presentation, and chemokine production to attract T cells
to the site of tumor cells [52]. Because the IFN-γ pathway downstream of
4

JAK1 and JAK2 controls expression of chemokines such as CXCL9,
CXCL10, and CXCL11, which attract T cells, loss of function mutations in
JAK1/2 may result in a lack of T-cell infiltrates, loss of interferon gamma
signaling [53]. Because preexisting T cells in the tumor microenvironment
are essential for anti-PD-1 therapy, a JAK1/2mutationmay result in lack of
response [54].

Tumor Microenvironment
Tumor microenvironment is the cellular environment surrounding the

tumor, including immune cells and inflammatory cells, fibroblasts, neuro-
endocrine cells, extracellular matrix and stromal cells. The interaction of
the host immune system with tumor cells in the TME is essential for under-
standing tumor immunity and development of successful cancer immuno-
therapy. Some components within the TME which may be associated
with primary and acquired resistance to immune checkpoint blockade in-
clude, but are not limited to, immunosuppressive cytokines, myeloid-
derived suppressor cells (MDSCs), regulatory T cells (Tregs), and exhausted
T cells [34].

One example of TME control of T cell migration to the tumor involves
epigenetic silencing of T-helper cells (Th1) cytokines, Cxcl9 and Cxcl10
which are involved in chemotactic recruitment of tumor infiltrating lym-
phocytes (TILs) [55]. Increased intratumoral concentration of Cxcl9 and
Cxcl10 is associatedwith better survival inmultiplemalignancies [56]. Epi-
genetic silencing of Th1 cell-type chemokines can enhance clinical effect of
PD-L1 checkpoint blockade by increasing tumor-infiltrating lymphocytes.
Two mechanisms used by cancer for epigenetic silencing of Th1 cytokines
include EZH2-mediated histone modification and DNMT mediated-DNA
methylation. One preclinical study of ovarian cancer showed that agents
used to reprogram epigenetic pathways such as DZNep (an EZH2 inhibitor)
and DNMT inhibitors alters the tumormicroenvironment so that T cell infil-
tration is increased [57].

Chemokine receptor type 4 (CXCR4) and its ligand, CXCL12 are found
to be widely expressed in tumors, and are involved in cell proliferation, mi-
gration, survival, and tumor metastasis [58]. CXCR4 stimulates tumor me-
tastasis to sites where its ligand, CXCL12 is expressed in large quantities
[59]. In an autochthonous model of pancreatic ductal adenocarcinoma,
CXCL12 was shown to confer resistance to checkpoint inhibitors through
exclusion of T cells, preventing T cells from exerting anti-tumor activity
[60]. Blockade of the CXCL12/CXCR4 axis allowed T cell infiltration of
tumor and improved efficacy of anti-PD-L1 therapy [61].

The presence of Myeloid-derived suppressor cells (MDSC) in the TME
has also been shown to decrease efficacy of ICB [62]. MDSCs arise frommy-
eloid progenitor cells that have not differentiated into dendritic cells,
granulocytes, or macrophages. They have the ability to suppress T cell
and natural killer cell functions [63]. Activated MDSC produce nitric
oxide and upregulate expression of arginase-1, both leading to depletion
of L-arginine from the TME and induction of cell cycle arrest of T cells
[64]. Nitric oxide and reactive oxygen species produced by MDSCs can in-
duce T cell apoptosis [65]. MDSC activation, arginase-1 expression, and
subsequent L-arginine depletion also leads to downregulation of the T cell
receptor ζ-chain through post-transcriptional mechanisms that decrease
the half-life of the CD3ζ mRNA [66]. Interaction of PD-L1 on MDSC with
PD-1 on the T cell leads to T cell exhaustion [67]. MDSC can also induce ex-
pansion of regulatory T cells, impairing the anti-tumor activity of effector T
cells [68]. There is strong evidence highlightingMDSCs as amajor driver of
an immunosuppressive microenvironment [69]. Therefore, MDSCs may be
a promising target in cancer immunotherapy, especially in combination
with ICB. Inhibition ofMDSC using PI3K inhibitors in combinationwith im-
mune checkpoint inhibitors in mouse models was shown to promote tumor
regression [70]. Theremay be a direct role for ICB inmodulation ofMDSCs.
While checkpoint molecules were initially associated with T cell function,
recent evidence shows that PD-L1 is also expressed on human granulocytic
MDSCs, and therefore, targeting PD-L1 partially impairs MDSC-mediated T
cell suppression [71].

Regulatory T cells (Tregs) play a role in suppression of effector T cell re-
sponse by secretion of IL-10, IL-35, and TGF-β. PD-1 expression upregulates
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conversion of naïve CD4+T cells to immunosuppressive Treg cells through
inhibition of the mTOR-Akt signaling cascade [72]. Because Tregs upregu-
late expression of various immune checkpoint molecules, they are promis-
ing targets for ICB. In vitro studies show inhibition of Treg suppressive
function using nivolumab; however, it is not clear whether PD-1 blockade
acts directly on Tregs or via activation of effector T cells [73]. Increase in
the Effector T cell (Teff) to Regulatory T cell (Treg) ratio is associated
with greater clinical response to PD-1/PD-L1 blockade [74]. Clinical studies
investigating the role of PD-1 blockade in suppression of Tregs is limited,
but PD-1 blockade was shown to increase generation of melanoma
antigen-specific CTLs by alleviating suppression of Treg [73].

Cytotoxic T Lymphocyte Associated Antigen 4 (CTLA-4)

Biology

Cytotoxic T Lymphocyte Associated Antigen-4 (CTLA-4) is a protein
that is found on the surface of cells and functions as a receptor. CTLA-4 ul-
timately functions as a way of inhibiting immune signaling by T cells [16].
An effective T cell response is extremely important in the setting of adaptive
immunity against any invading pathogen that the host needs to eliminate.
For the T cell response to begin, T cells must first be activated. For T cell ac-
tivation, two events must occur: antigens must be presented to a T cell and
there must also be co-stimulation of a receptor on the T cell, the CD28 re-
ceptor, with proteins, usually the B7 proteins which include CD80 and
CD86. The invading pathogens stimulate the expression of these proteins
and their subsequent presentation on an antigen presenting cell (APC)
[16]. Since it was found that CD80 and CD86 are expressed on antigen pre-
senting cells (APCs), it is thought that CTLA-4 functions mainly within sec-
ondary lymphoid organs, which is where APCs present antigen to T cells for
T cell activation [75]. (CTLA-4) is expressed on the surface of T cells follow-
ing T cell activation in response to antigen recognition. CTLA-4, often
expressed on the antigen specific T cells in the TME, is a negative regulator
of T cell activation. It inhibits T cell activation by outcompeting CD28 li-
gand binding and by recruiting phosphatases in its cytoplasmic tail which
leads to attenuation of T cell signaling, subsequently decreasing the im-
mune response. Therefore, by blocking CTLA-4, amore effective and robust
T cell response can occur which could confer protection against some can-
cers. However, since CTLA-4 also functions in the maintenance of self-
tolerance, the inhibition of CTLA-4 enhances the possibility of autoimmune
reactions [76].

Ipilimumab, a CTLA-4 blocking monoclonal antibody was approved by
the FDAas an immune checkpoint inhibitor for use inmelanoma. Normally,
when the amount of CTLA-4 is upregulated in melanoma, T cell exhaustion
results which leads to a decreased overall immune response and subsequent
proliferation of the tumor cells [77]. When used in patients with advanced
melanoma, Ipilimumab was shown to be effective both in patients that had
received prior treatment and in treatment naïve patients [78]. When used
in combination therapywith DTIC (Dacarbazine, a chemotherapy drug), re-
sults showed a 24% reduction in the progression of melanoma in compari-
son to using DTIC alone (the use of ipilimumab alone was not measured in
this study). In addition to this, the use of Ipilimumab has also shown bene-
ficial responses in patients that havemetastases to the brain and in patients
that have melanoma associated with BRAF kinase mutations. A trial done
on 20 patientswithmetastases to the brain secondary tomelanoma resulted
in a one-year survival rate of 54.2% when Ipilimumab was used in combi-
nation with Fotemustine, an alkylating agent used in the treatment of met-
astatic melanoma [78]. Normally, BRAF mutations are associated with
unrestrained cell proliferation and are found in 50% to 60% of melanomas.
Ipilimumab was found to be effective in tumors both with and without
BRAF mutations with similar response rates [78].

Studies performed in breast cancer patients show that the malignant
cells in breast cancers have a higher expression of CTLA-4, suggesting
that they upregulate CTLA-4. The study that was conducted was evaluating
the expression of CTLA-4 in tumor cells in relation to expression in tumor
infiltrating lymphocytes, or TILs (correlation between CTLA-4 and tumor
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type, stage, or grade was not analyzed). It was shown that the best progno-
sis was associated with a higher CTLA-4 expression in the TILs when com-
pared to the tumor cells, suggesting the usage of CTLA-4 in tumor cells
for avoidance of the immune response [79]. Clinical trials currently under-
way are looking into the use of anti CTLA-4 antibodies for the treatment of
triple negative breast cancer as part of a combination therapy with either
blockade of other immune checkpoint molecules, like PD-1, or with adju-
vant chemotherapy [80].

Many clinical trials have been conducted in order to better understand
the impact of immune checkpoint inhibition on patients with lung cancer.
While immune checkpoint blockade represents a novel treatment option,
outcomes are not always favorable. In a double-blind study performed on
patients with non-small cell lung cancer (NSCLC), the combination of
Ipilimumab and Paclitaxel/Carboplatin, which is the standard treatment,
was compared to the combination of a placebowith Paclitaxel/Carboplatin.
Results showed no difference with the addition of Ipilimumab to treatment
[81]. Other trials have results which show definite benefit to the use of
combination therapy which includes an immune checkpoint inhibitor;
however, it is unknown which patients would receive benefit from the
use of this combination. It was also found that combination with an im-
mune checkpoint inhibitor for NSCLC causes more unfavorable side effects
including fatigue and increased liver transaminases [82].
Resistance

While Ipilimumab has proven to be effective in the treatment of certain
tumors, such as melanoma, the time necessary to achieve an effective anti-
tumor response is prolonged compared to other agents currently in use.
This delay in effectiveness allows for disease progression which could
cause more negative consequences when compared to the use of an agent
with immediate effectiveness [78]. Another drawback to the use of CTLA-
4 blockade is that it could lead to side effects that occur as a result of in-
duced autoimmunity, especially in the skin and gastrointestinal tract. The
appearance of these side effects in the patient, however, ultimately leads
to response to therapy and indicates a favorable outcome [83]. While anti
CTLA-4 antibodies have been successful in the fight against some tumors,
some tumors have been shown to have resistance. CTLA-4 blockade
works to enhance T cell function and the immune response against tumors,
T cells do this through interferon gamma (IFN-γ). It was found that some tu-
mors have a lack of the genes for response to IFN-γ and those that do are
more resistant to therapy with anti CTLA-4 antibodies [84]. Another mech-
anism of resistance found on tumor cells is the upregulation of other check-
point inhibitors when therapy with one antibody is used. For example,
when studying melanoma or prostate cancer, it was found that tumors
that initially upregulated CTLA-4 and were subsequently treated with anti
CTLA-4 antibodies upregulated VISTA instead, leading to a separate path-
way for inhibition of T cells [36].

The CTLA-4 immune checkpoint depends on the costimulatory mole-
cule B7 to induce its response. A separate study found that the response
to anti CTLA-4 antibodies correlates to the presence of B7 on tumor cells.
This signifies that tumors that have decreased immunogenicity will not re-
spond to anti CTLA-4 therapy, such as melanoma B16-BL6 which is a mel-
anoma that is very tumorigenic but not very immunogenic [85]. An
experiment performed on mice showed that anti CTLA-4 antibodies are de-
pendent on the Fcγ receptor which is important for the mediation of re-
sponse to antibodies [86].

In order to combat many of these mechanisms to resistance the use of
combinations of checkpoint blocking antibodies could be used. It was
found that the combination of anti CTLA-4 and anti PD-1 antibodies had
a much greater response rate compared to the use of either antibody
alone, even though it also resulted in a greater amount of side effects for
the patient and the possibility of relapse. Rate of side effects for anti
CTLA-4 alone were 27.3%, and for anti PD-1 alone were 16.3% while the
rate for combined blockade rose to 55% [36]. A trial performed on patients
with melanoma showed increased survival benefits with combination
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therapy (58% response rate) as compared to single therapy with either anti
CTLA-4 (19% response rate) or anti PD-1 (44% response rate) [87].

Combining the antibodies with other molecules that further enhance
the immune response has also proven beneficial, such as the concomitant
use of anti CTLA-4 antibodies and cytokines [36].

Lymphocyte Activation Gene 3 (LAG 3)

Biology

Lymphocyte Activation Gene 3 (LAG3) is an immune checkpoint recep-
tor that suppresses T-cell activity when upregulated. LAG3 (CD223) is a
transmembrane protein receptor that has been identified on activated T
-cells, regulatory T-cells, B-cells, NK cells, and plasmacytoid dendritic
cells [88, 89]. It is structurally similar to the CD4 protein and binds the
antigen-MHC class II complex on antigen presenting cells with an even
higher affinity than does CD4 [90]. Due to its ability to suppress NK cells
and CD8 T-cell activities, it is proposed that LAG3 also binds other ligands,
such as Galectin-3 and liver sinusoidal endothelial cell lectin (LSECtin).
Galectin-3 has been suggested as an alternative ligand for LAG3 [91, 92].
Galectin-3 has been shown to moderate effector T-cell responses and
LAG3 has been shown to be essential in CD8 T-cell suppression in vitro
[91]. LSECtin, a receptor expressed on liver cells and many tumor cells,
has been postulated to be an additional ligand for LAG3 [92]. LAG3 upreg-
ulation is required to prevent over-activation and autoimmune reaction to
self by inhibiting effector T cells and promoting regulatory T-cell responses.
However, persistent antigen exposure, such as in the TME, leads to persis-
tent T-cell activation, eventually causing T-cell exhaustion [93]. Presently,
it is known that LAG3 is activated when it crosslinks with CD3 [94]. The
downstream effects of this association have not yet been well defined, but
its cytoplasmic tail region contains a unique KIEELE motif which is respon-
sible for its inhibitory actions in effector T-cells. It is not yet known if this is
the case in regulatory T-cells [18]. Aswith self-antigen, continued exposure
to tumor antigens causes upregulation of LAG3 and its inhibitory actions
lead to T-cell exhaustion, thus rendering these cells ineffective at directing
attacks towards tumors cells.

Blockade Response

LAG3 blockade has the potential to increase the responsiveness of cyto-
toxic T-cells to tumors. Presently, four LAG3 moderating pharmacological
agents are in clinical trials as cancer treatment adjuvants [93]. The first is
IMP321 (Immutep, Eftilagimod alpha), a recombinant fusion protein for
the LAG3 receptor (PL1). IMP321 (PL2) consists of four immunoglobulin
domains for LAG3, fused to the Fc portion of one IgGmolecule [90]. Its po-
tential as an anti-tumor agent stems from the fact that it blocks inhibitory
signals in effector T-cells and stimulates dendritic cells as well as improves
antigen presentation leading to T-cell activation [95]. The other three LAG3
moderating agents are monoclonal antibodies (mab) for the LAG3 receptor,
and include BMS-986016 (Bristol-Myers Squibb, fully human IgG4),
LAG525 (Novartis, humanized IgG4) and MK-4280 (Merck). There are ad-
ditional LAG3moderating cancer therapies being tested in preclinical trials,
as well as LAG3mabs in clinical trials for the treatment of autoimmune dis-
eases [93]. IMP321 is currently being assessed in clinical trials as an adju-
vant to the treatment of breast cancer, renal cell cancer and melanoma.
30 patients with metastatic breast carcinoma were treated with a combina-
tion of Paclitaxel chemotherapy and IMP321. Clinical benefits were seen in
90% of patients at 6months as seen by an increased percentage of activated
APCs and an increase in the percentage of NK cells and CD8+ T-cells when
compared the control group who only received Paclitaxel, of which 50%
saw clinical benefits [96]. 21 patients with advanced stage renal cell carci-
noma were treated with IMP321 bi-weekly for six injections, with doses
ranging from 0.05 mg-30 mg per subcutaneous injection. Of these patients,
those treated with high dose (>6mg per injection) experienced increased
activation of CD8 T-cells and were more likely to experience stable disease
at 3 months than those treated with lower doses of IMP321. At the end of
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the trial, less tumor growth was seen in the high dose group than in the
low dose group [97]. In both clinical trials described above, IMP321 was
judged to be safe. Initially, ELISA detected anti-IMP321 antibodies more
than 15% over baseline levels in patients receiving IMP321. Further testing
by a very sensitive immunogenicity assay (MSD) analyzer for the detection
of therapeutic antibodies gave a signal below the detection range, thus
confirming that no anti-IMP321 antibodies were present in either of the
two trials [96, 97]. LAG3 blockade is currently being assessed in murine
models in combination with PD1 blockade for the treatment of Chronic
Lymphocytic Leukemia (CLL). This preclinical trial demonstrated that in
the treatment of CLL, blockade of both LAG3 and PD1was superior to either
anti-PD1 or anti-LAG3 antibody-based therapy alone. Mass cytometry dem-
onstrated by a significant reduction in both the percentage and number of
CCL cells in both the spleen and in the blood of mice treated with the
dual therapy [98]. Separate preclinical trials have revealed that dual block-
ade of both LAG-3 and PD-1 with monoclonal antibodies, spartalizumab
and LAG525 respectively, has increased efficacy in the treatment of neuro-
endocrine tumors, small cell lung cancer and diffuse large B-cell lymphoma
when compared to either treatment alone [99]. Further preclinical trials
with these agents are ongoing for the treatment of mesothelioma and
triple-negative breast cancer [100].

Resistance

For LAG3 blocking agents to be effective at inhibiting the actions of
LAG3, expression of LAG3 on various T cells, as well as other immune
cells, should be assessed within the tumor microenvironment. Patients
with greater expression of LAG3 may require increased doses of blocking
agents, such as IMP321,whereas patientswith greatly decreased expression
of LAG3 may respond better to a different immunotherapy agent. Patients
with greater than 1% expression of LAG3 are more likely to derive clinical
benefit from receptor blockade [101]. In addition, the concentration of nat-
ural sLAG3 levels within the blood should be assessed. sLAG3 is a soluble
LAG3 receptor that is not bound to any cell type. It serves a different pur-
pose from membrane bound LAG3. sLAG3 is also capable of binding MHC
class II molecules on dendritic APCs and has been shown to promote their
maturation and tumor cell attack [102]. Although sLAG3 and LAG3 are
functionally distinct, there may be potential for interactions between
sLAG3 and IMP321, thus making IMP321 inefficient at LAG3 blockade
[90]. Results from additional clinical and preclinical trialsmay be necessary
to elucidate the mechanism of resistance to anti-LAG3 therapies. LAG3
blockade has also been shown to work synergistically with PD-1 blockade
in preclinical trials, and thus is being utilized as a means to overcoming re-
sistance to anti-PD-1 therapy [98]. This could be due to an amplifying effect
of PD1 that is necessary for LAG3 blockade to be clinically effective. Pres-
ently, the first LAG3 antibody, BMS-986016, is being evaluated in twelve
preclinical and clinical trials for the treatment of various malignancies. Of
note, the combination of both BMS-986016 and nivolumab, an anti-PD-1
agent, has shown efficacy in the treatment of melanoma in patients who
were previously refractory to anti-PD-1 therapy alone [103]. Themolecular
mechanism of the proposed synergy of co-blockade has not yet been fully
investigated [104].

T-Cell Immunoglobulin and Mucin Domain 3 (TIM-3)

Biology

T-cell immunoglobulin and mucin-domain containing-3 (TIM-3) is a
member of the TIM gene family that dampens the immune response. The
family includes TIM-1, TIM-3, TIM-4 in humans and Tim 1-8 in mice.
TIM-3 is a transmembrane protein expressed on Th1, Th17, CD8+ T
cells-cells of myeloid lineages in mice [105–107]. TIM-3 binds to
Galectin-9, carcinoembryonic antigen-related cell adhesion molecule 1
(Ceacam1), high-mobility group box 1 (HMGB1) and phosphatidylserine
(PtdSer) [20]. TIM-3 has been shown to mediate immune tolerance in
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mouse models of infectious diseases, alloimmunity, autoimmunity, and
tumor immunity.

In the absence of TIM-3 ligand binding, human leukocyte antigen B
(HLA-B)-associated transcript 3 (Bat3) is bound to the cytoplasmic tail of
TIM-3 and prevents inhibition of T cell signaling via recruitment of Lck
[108]. Binding of TIM-3 to its ligands leads to phosphorylation of its cyto-
plasmic tail, release of Bat3 and possible recruitment of the protein tyrosine
kinase Fynwhich induces T cell anergy [109]. Some Tim-3 ligands: galectin-
9 and HMBG1 are induced in inflammatory conditions [110, 111]. In mac-
rophages binding of TIM-3 to galectin-9 induces intracellular calcium flux,
aggregation and death of Th1 cells resulting in selective loss of interferon-
y producing cells and suppression of Th1 autoimmunity [112]. The molec-
ular mechanisms by which TIM-3 regulates the development of T cell ex-
haustion are not yet fully understood across the myeloid lineage.

Blockade Response

Increased TIM-3 and/or increased regulatory T cells (Tregs) within the
tumor allow inactivation of immune system killer T cells halting tumor
cells death. TIM-3 can regulate cytokine production, cell activation, and
the capture of apoptotic bodies. Preclinical investigation on the effects of
combined immunotherapy checkpoint inhibitors PD-1 and TIM-3 along
with focal radiation onmurine gliomas resulted in improved survival versus
anti-TIM-3 immunotherapy alone. In the study, the median survival using
anti-PD1 alone in the tumor-bearing mouse models was 33 days. When
anti-TIM 3 was added to anti-PD1 the median survival days improved
from 33 days to 100 days. Overall the anti-PD1 and anti-TIM3 combination
improve the overall survival from 27.8% to 57.9% a p-value of 0.103. Even
though the p value was not clinically significant, when triple therapy was
performed which consisted of an initial single dose of sterostatic surgery
along with anti-PD1 and anti-TIM 3, the overall survival rate resulted in
100% a p-value of 0.004 [113]. This long-term survival demonstrated in
this study paves the way in the development of a novel treatment of glio-
blastoma multiforme because positive staining for TIM-3 was detected in
human glioblastoma multiforme samples. Anti-TIM-3 treated mice showed
that the anti-tumor immune response was enhanced due to a reduction in
CD4+, CD25+ and Foxp3+ regulatory T cells [114]. Despite a large
amount of experimental data showing an immune suppressive function of
TIM-3 in vivo, the exact mechanisms are not well understood.

Resistance

Expression of the co-inhibitory immune checkpoints TIM-3 have been
associated with resistance to PD-1 blockade and combined TIM-3 and PD-
1 blockade has demonstrated improved responses in preclinical models
[115, 116]. A recent study in an immunocompetent mouse model of lung
adenocarcinoma demonstrated that recurrent tumors after anti-PD-1 treat-
ment were due to increased expression of TIM-3 on T cells. Notably, anti-
PD-1 plus anti-TIM-3 led to improved responses in the tumor bearing
mice. Similarly, two lung cancer patients who developed recurrent disease
after anti-PD-1 treatment were found to have increased TIM-3 expression
on T cells [117].

Clinical Trials

According to the National Cancer Institute, immuno-oncology two clin-
ical trials using anti-TIM- 3 monoclonal antibodies are underway. TSR-022,
monoclonal antibody against TIM-3, treatment is currently in phase 1. TRS-
022 is being tested as monotherapy and in combination with an anti-PD1
antibody in patients with advanced solid tumors (Clinical Trial ID:
NCT02817633). Another clinical trial underway, also in phase 1, is the test-
ing of Sym023. Sym023 is a recombinant and fully human anti-TIM-3
monoclonal antibody. The primary purpose of the Sym023 study is to see
if it is safe and tolerable in patients with locally advanced, unresectable
or metastatic solid tumor malignancies or lymphomas that are refractory
to available therapy or for which no standard therapy is available (Clinical
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Trial ID: NCT03489343). These studies will provide insight for the rational
design of novel combination therapy with other checkpoint blockers like
PD1 whose resistance is linked to the upregulation of TIM-3.
V domain Ig Suppressor of T Cell Activation (VISTA)

Biology and Potential

V domain immunoglobulin suppressor of T cell Activation (VISTA) sup-
presses the activity of T cells andworks as an immune checkpoint regulator.
VISTA is related to CTLA-4 and PD-L1 in that it is part of the B7 family of
coreceptors used for T cell activation. VISTAhas been found to be expressed
on hematopoietic cells (e.g., neutrophils, macrophages, T-cells) and works
as a negative regulator of immunity [75]. In murine models, tumors that
were found to express VISTA had an increased rate of growth due to the T
cell suppression [75]. Its newly proposed ligand, VSIG-3, has been found
to be inhibitory towards T cells when combinedwithVISTA in the lab. Stud-
ies examining VISTA/VSIG-3 in vivo, however, were not performed [19]. In
studies performed on mice, it was found that VISTA elicits a response that
works against tumors and mice that were deficient in VISTA had a worse
and faster progression and disease coursewhen exposed to certain diseases,
such as Systemic Lupus Erythematosus or Psoriasis [118]. In another study,
it was found that VISTA is normally present in normal joint synovium as
well as in the joint synovium of patients with rheumatoid arthritis. Studies
show that VISTA is thus important in mounting an inflammatory response,
which shows a potential use for anti-VISTA antibodies for treatment [119].

Initially, VISTA expression on tumor cells was thought to be a mecha-
nism to evade anti PD-1 and anti CTLA-4 treatments. Tumor cells that ex-
press PD-1 or CTLA-4 and treated with anti PD-1/CTLA-4 antibodies
were found to upregulate VISTA instead of the former immune checkpoint
inhibitors. However, VISTA was found in 99% of non-small cell lung
cancers and may be used as a new target of therapy in the treatment of
this cancer [120].

Potential drawbacks with the use of VISTA and anti-VISTA antibodies
stem from the fact that different diseases react to VISTA in different ways.
While VISTA seems to be useful in slowing the disease progression of
Lupus or Psoriasis, antibodies against VISTA were shown to prevent graft
vs. host disease [119].
Clinical Trial

The clinical trial currently underway involving VISTA is an evaluation
of CA-170, which is a VISTA/PD-L1 antagonist. In this trial, CA-170 is
given to patients with a solid tumor or lymphoma with disease progression
or disease unresponsiveness to other therapies. CA-170 is an anti PDL1/L2
and anti-VISTA molecule (Clinical Trial ID: NCT02812875).
Immunotherapy Adverse Effects

Resistance to checkpoint inhibition is not the only limitation that cancer
immunotherapy faces. Immunemediated toxicities following the use of im-
mune checkpoint inhibitors have been observed involving nearly every
organ system, including the colon, liver, lungs, pituitary, kidney, heart
and nervous system. The side effects associated with checkpoint inhibition
are termed immune-related adverse effects (irAEs). IrAEs are graded by se-
verity on a scale of 1-4, grade 4 referring to life threatening symptoms. Gen-
eral guidelines regarding irEA grading and treatment are provided by
Common Terminology Criteria for Adverse Events (CTCAE), however in cases
of severe adverse events expert advice should be solicited [121]. The devel-
opment of these irAEs is attributed to the activation of autoreactive T cells
which damage host tissues [122]. Ameta-analysis of fatal toxic effects asso-
ciated with checkpoint inhibitors estimates approximately 613 patients
have died as a result of therapy, and that fatalities tend to occur very
early in therapy [122].
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Monotherapy Adverse Effects

The immune-related adverse effects resulting from checkpoint inhibi-
tion therapy varies between regimens. In general, patients receiving PD-
1/PD-L1 blockade therapy are at decreased risk of immune-related adverse
effects than those treated with CTLA-4 blocking agents [123]. Patients
treated with ipilimumab monotherapy are at increased risk of fatal colitis
(70% of deaths resulting from ipilimumab were a result of colitis) [122].
PD-1/PD-L1 blocking agents that caused irAEs resulting in fatalities were
commonly caused by pneumonitis, hepatitis and colitis [122]. Although fa-
talities as a result of irAEs do occur, they are only in approximately 1% of
patients treated with checkpoint inhibition [122]. Most irAEs resolve fol-
lowing the administration of glucocorticoids, and at times other immuno-
suppressive agents such as infliximab [123].

Combination Immunotherapy

There is limited data regarding adverse effects related to dual check-
point inhibitor therapy as it is an emerging field of clinical medicine. The
combination of immune checkpoint inhibitors is largely focused on the
combination of CTLA-4 inhibitors and PD-1/PD-L1 inhibitors for the treat-
ment of metastatic melanoma and lung cancer [122]. However, there have
been a variety of case reports describing these findings. One such report de-
scribes the case of a 60 year old male with metastatic melanoma being
treated with a combination of ipilimumab (a CTLA-4 inhibitor) and
nivolumab (a PD-1 inhibitor), in addition to palliative excision ofmetastatic
masses [124].The combination of ipilimumab with a PD-1 inhibitor (either
nivolumab or pembrolizumab) has become accepted in recent literature as
superior to ipilimumab alone in cases where melanoma progression con-
tinues despite monotherapy [125, 126]. The patient in the case described
began developing symptoms of nausea, constipation, weight loss, fatigue,
and hypotension (seated systolic BP as low as 70 mmHg systolic) and was
diagnosed with seronegative autoimmune autonomic ganglionopathy
[124]. The patient was then successfully treatedwith high dose Solumedrol
and intravenous immune globulin (IVIG). At this time, the choicewasmade
to reintroduce the dual checkpoint inhibition therapy, resulting in a mild
flare of dysautonomia for which the patient was started on a prednisone
taper [124]. This instance describes a rare but ultimately mild irAE associ-
ated with ipilimumab/nivolumab. On the opposite end of the spectrum, the
combination of ipilimumab and nivolumab has been shown to result in fatal
myositis [127]. This paper reports the cases of two separate patients being
treated with ipilimumab/nivolumab for metastatic melanoma who devel-
opedmyositis with rhabdomyolysis. Despite aggressive glucocorticoid ther-
apy, both patients ultimately suffered death. As the utilization of combined
methods for checkpoint blockade becomemore established, the adverse ef-
fect profile of the dual regimen will become more defined. Currently, it is
believed that dual therapy is associated with an increased risk of some im-
mune related adverse events, including colitis, hepatitis, pneumonitis and
thyroid disease, resulting in both hyper- and hypothyroidism [123,128].
Additionally, irAEs that resulted in fatalities from treatment with
ipilimumab/nivolumab were most commonly a result of colitis, myocardi-
tis, hepatitis, pneumonitis and myositis, respectively [122].

Discussion and Clinical Implication

The immune checkpoints we have highlighted in our review: PD-1,
CTLA-4, LAG3, TIM-3, and VISTA are naturally switched on to prevent
the damaging effects of an excessive immune response. The number of lym-
phocytes present at the time of tumor biopsy has a positive correlationwith
disease control. As such, PD-L1 and PD-1 pathway blockade is heavily de-
pendent on T cell infiltration of the tumor and T cell function in the
tumor microenvironment. Therefore, the goal of cancer immunotherapy
is to block these immune checkpoints in order to stop the downregulation
of our adaptive immune response to tumor cells. The growing number of
preclinical and clinical studies involving the use of ICB in the treatment of
multiple cancers supports the immense potential of ICB in cancer therapy.
8

The aim of this review was to research the root cause of resistance to im-
mune checkpoint inhibition in immuno-oncology from available literature.

The introduction of PD-1 and CTLA-4 blockade as a tool against cancer
has demonstrated an initial success; however, innate and acquired/therapy-
induced resistance continue to be reported. Based on our literature review,
amajor determinant of the effectiveness of individual checkpoint inhibitors
is whether the specific receptor (PD-1, LAG3, etc.) is expressed at high
enough levels within the tumor microenvironment. Therefore, it is critical
to screen for the levels of immune checkpoint expression when deciding
which immune checkpoint inhibitors to utilize in patient-specific treatment
protocols.

Another roadblock in ICB has been upregulation of a different check-
point inhibitor upon single checkpoint blockade. The upregulation of
TIM-3 in PD-1 blockade as well as upregulation of VISTA in both PD-1
and CTLA-4 single immune checkpoint inhibition blockade has been docu-
mented. Consequently, a different pathway is activated to downregulate T
cell cytotoxicity against tumor cells. Combination immunotherapy with
Anti-TIM 3 monoclonal antibodies treatment and PD-1 are currently in
phase 1 clinical trials. Much research on VISTA is lacking. The possibility
of anti-VISTA antibodies presents a novel mechanism by which to treat tu-
mors what have grown resistant to anti CTLA-4 or anti PD-L1 antibodies.
Furthermore, clinical trials have demonstrated that the recombinant fusion
protein andmonoclonal antibodies engineered to inhibit the LAG3 receptor
have shown moderate clinical benefit when used in combination with che-
motherapeutic agents or other immune checkpoint inhibitors, such as PD-1,
in the treatment of various cancers. A clearer understanding of the tumor
microenvironment, along with genetics and epigenetics, are essential as
tumor immunotherapy research continues to evolve.

Combination immuno-therapy is an active area of research. Even
though clinical trials have demonstrated improved survival, it is crucial to
recognize immune-related adverse effects. Adverse effects, as mentioned,
range in severity and organ involvement. They can occur at any time during
treatment. Due to the paucity of immune related adverse events, general
recommendations for management are updated as the use of immune-
checkpoint inhibitors expands and is currently based on expert consensus.

Conclusion

The presence of lymphocytes in tumors is highly correlated with an im-
proved outcome. Our review of different immune checkpoints provides a
comprehensive and evidence-based information on where we currently
stand in the treatment of cancer with immunotherapy. Published results
have addressed the outcome of PD-1 and CTLA4 inhibition with initial suc-
cess followed by relapse due to resistance. This necessitates illumination of
cellular, genomic, and epigenomic features involved in tumor response.
This initial attempt to target cancer via immunotherapy in clinical trials has
opened the door to a new era in cancer treatment research. In this review,
we have highlighted known and targeted mechanisms of anti-PD-1, anti-
CTLA4, anti-LAG3, anti-VISTA, and anti-Tim3 antibodies that has the poten-
tial to halt resistance development. Combination immunotherapy has been
associatedwith improved response against tumor cells and prolonged disease
control in preclinical trials. Thismakes it likely thatmoving forward, the stan-
dard of care will include a more personalized and combinatory regimen. In
order to continue to progress and translate these findings to a wider range
of tumor types, we must continue to elucidate the biological mechanisms of
resistance to these immune checkpoint inhibitors.
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