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Abstract: Evasion of immune destruction is considered one of the hallmarks of cancer.
Chronic inflammation can enable immune escape by suppressing immune surveillance and
permitting the development of tumors and creating a tumor microenvironment that sustains
cancer. This includes generating mechanisms that prevent the effectiveness of anti-tumor
treatment including immune checkpoint inhibitor therapy. In this review, we explore the
interplay of inflammation and immunosuppression, their effects on the tumor microenviron-
ment, and their implications for immune checkpoint inhibitor therapy particularly in the
context of predictive biomarkers for their use.
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Introduction

Disease may result from the failure of the body to detect noxious entities but also,
from its inability to distinguish what is “self” from what is “non self”. In the case of
cancer, the former is operative as developing tumors grow unchecked by the
immune system to the detriment of the host. Evasion of immune destruction is
considered one of the hallmarks of cancer.'

Tumors are immunogenic to varying degrees. Moreover, certain antigens are
expressed almost exclusively by tumors and these cancer antigens are distinct from
the host’s normal milieu.' Immune surveillance describes the interplay between
the host’s immune system and its response to the developing cancer. Rather than
seeing this as a process that results in a dichotomous result — success or failure,
tumor destruction or tumor growth — it is better to see that one of three outcomes
are to be expected with the interaction of immune system and tumor: elimination,
equilibrium, or escape, otherwise known as immunoediting. Host and tumor factors
determine which of these come to fruition. Highly immunogenic tumors are readily
dispatched by a competent immune system resulting in elimination of a nascent
cancer. As a corollary to this, tumors developing in immunosuppressed hosts tend
to be highly immunogenic due to failure of immunoediting.'* Less immunogenic
tumors or immunogenic tumors pitted against a less robust immune system may
only be partially eliminated resulting in an uneasy equilibrium manifesting as tumor
dormancy. If this balance is maintained throughout a lifetime, the result is akin to

elimination; however, if the immune system is somehow weakened, or the tumor
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acquires changes that allow it to circumvent the immune
system, then immune escape occurs and cancer takes
hold.>?

Immunotherapy inhibits tumor cell growth by stoking
the immune response against tumor cells, which stands in
contrast to cytotoxic chemotherapy and driver gene tar-
geted therapies that directly affect malignant cells
themselves.* Much progress has been made over the last
century since William Coley first used a cocktail of live
and inactivated bacteria in the hope of inducing an
immune response against bone sarcomas.” Greater under-
standing of the molecular biology and immunology of
cancer has allowed the development of therapies that
induce more reliable and effective immune reactions to
tumors.

At the forefront of immuno-oncology are the immune
checkpoint inhibitors. These monoclonal antibodies target
programmed cell death protein ligand 1 (PD-L1), pro-
grammed cell death protein (PD-1), and cytotoxic
T-lymphocyte antigen 4 (CTLA-4). PD-L1 ligand is
found on tumor cells, while PD-1 receptors are selectively
expressed on CD4+ and CD8+ T cells, natural killer (NK)
T cells, B cells, monocytes, and dendritic cells. PD-1 is
a member of the co-stimulatory receptor family CD28:7.
Meanwhile, CTLA-4 is an inhibitor of T-cell function that
interacts with its ligands CD80 and CD86. Tumors subvert
these regulatory ligand—receptor interactions to facilitate
immune escape. Blockade of these immune checkpoints
reverses their negative regulatory effects and results in
immune reactivation.’®

This review will cover the interplay of inflammation,
immunosuppression, and tumorigenesis. It will also dis-
cuss the implications of these on the development and
performance of predictive biomarkers of immune check-
point inhibitor therapy.

Inflammation and Cancer

Inflammation is distinguished temporally as being either
acute or chronic. In the former, physical, or chemical
injury or exposure to an infectious agent is the antecedent
event. Acute inflammation is intended to be a beneficial
process that eliminates pathogens and necrotic cells. It
subsequently initiates the healing process at the site of
tissue injury. This inflammatory process is self-limiting
and resolves after completion of tissue repair or elimina-
tion of pathogens.”® In the event that the body cannot
abrogate the acute inflammatory response, the result is
chronic inflammation. This persistent inflammation can

serve as a trigger for the development of tumors.’
Epidemiological studies have demonstrated the association
between solid tumors and inflammation.” A quarter of all
cancers are estimated to be attributable to chronic
inflammation. '

Chronic inflammation can arise from intrinsic host
factors as with the case of inflammatory bowel disease.
In turn, extrinsic factors include viral infections such as
with Hepatitis or EBV, certain parasitic infection, and
environmental toxins. Tumor formation occurs through
induction of free radicals such as reactive oxygen (ROS)
and nitrogen species (RNS). ROS and RNS produced by
inflammatory cells are associated with mutations in tumor
suppressor and DNA repair genes that result in genomic
instability. In addition, epigenetic events such as changes
in DNA methylation as in the case of smoking may also
alter gene expression resulting in tumorigenesis.® Long-
standing inflammation is generally thought to result in
tumor initiation, progression, and metastasis by providing
a tumor-promoting microenvironment.®’

An important driver of this change is the generation of
pro-inflammatory cytokines that in turn recruit immune
cells characteristic of the chronic inflammatory state.
These immune cells depending on their functional pheno-
type may prevent or enable the subsequent development of
tumors. Macrophages are of the monocytic lineage and are
attributed to persistent inflammation. These phagocytes
functionally exist within a spectrum. On one end, there is
the classically activated M1 (CAM) endotype while on the
activated M2 (AAM)
endotype.'>'* Neutrophils, another component of the

other is the alternatively
innate immune system, functionally mirrors the polarized
macrophages with N1 and N2 analogues.'* The M1 and
N1 phenotypes have an anti-tumor function while the M2
and N2 phenotypes have the opposite.'>'* Myeloid-
derived suppressor cells (MDSCs) are important inhibitory
cells in the tumor microenvironment that play a role in
suppressing tumor-directed immune response. Monocytic
MDSC (M-MDSC) are akin to monocytes, while polymor-
phonuclear MDSC (PMN-MDSC) are morphologically
Dendritic

cells are a central component of the microenvironment

and phenotypically similar to neutrophils.'”

which plays a crucial role in immune activation and the
induction of tolerance.'"'®

Cytokines play a vital role in the control of inflamma-
tion and the immune system. These signaling molecules
are synthesized in response to changes in the environment

and take part in a myriad of cellular functions. Cytokines
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are usually classified as either being pro- and anti-
inflammatory.”!" Proinflammatory cytokines implicated
in carcinogenesis include IL-1, IL-6, IL-15, TNF-a, colony
stimulating factors (CSF), and the macrophage migration
inhibitory factor (MIF). Biological processes ascribed to
MIF function include the regulation of the p53 tumor
suppressor gene, angiogenesis, cell cycle, and senescence.
Due to its role in these events, it is a strong candidate
linking inflammation and cancer. Specifically, MIF initi-
ates the phosphorylation of ERK1/ERK?2 pathways leading
to the increase in COX2 and NOS2. MIF also facilitates
the inhibition of apoptosis, both p53-dependent and inde-
pendent, and growth arrest and the activation of NF-KB.
Another cytokine, IL-8, can have angiogenic activity in
some cancers, for example non-small cell lung cancer
(NSCLC), and can function as a positive autocrine growth
factor.'*!”

Several molecular signaling pathways have been iden-
tified in inflammation-mediated cancer and immune acti-
vation. Epithelial to mesenchymal transition (EMT), which
is vital in the metastatic process is governed by various
cytokines such as transforming growth factor-p (TGF-p),
IL-1PB, and TNF-a, which consequently stimulate NF-xB
as well as the signal transduction and activation of tran-
scription (STAT3) inflammatory cascades. NF-kB activa-
tion is central to both inflammation and oncogenesis, this
transcription factor influences the expression of various
genes related to malignancy and inflammation.”'® In the
setting of continuous inflammation, NF-xB is activated
and results in the transcription of target inflammatory
genes such as the tumor necrosis factor o, which is a pro-
inflammatory cytokine with pleiotropic functions.'” In
addition, activation of NF-kB can enhance Wnt signaling
leading to the dedifferentiation of non-stem tumor epithe-
lial cells into tumor-initiating cells in mouse intestine.®'®
Mitogen-activated protein kinase (MAPK) activation influ-
ences cell growth, cell differentiation, and cell survival. It
also plays a role in managing immune and stress
responses. Three MAPK-mediated pathways have been
well studied — ERK1/2, P38 MAPK, and JNK - and
these govern cell proliferation, apoptosis, and
tumorigenesis.” Other signaling pathways associated with
JAK/STAT,

and the

inflammation-mediated cancer include:
Phosphoinositide-3-Kinase (PI3K) pathway,
CREB signaling pathway.”'?

IFN-y-secreting effector T cells play a central role in
tumor immune surveillance. Tumors escape immune sur-

veillance and maintain an immunosuppressive TME via

the earlier described mechanisms specifically the recruit-
ment of regulatory cells that include M2, N2, and MDSCs.
Regulatory T cells (Tys) are also associated with suppres-
sion of immune surveillance and the maintenance of the
exhausted T cell phenotype.?*' Tumors likewise produce
suppressor molecules against anti-tumor T cell responses
such as IL-10 and TGF-f. Tumor growth is also associated
with immunomodulation of T cell response through
enhancement of co-inhibitory molecules or immune check-
points, such as cytotoxic T-lymphocyte-associated antigen-
4 (CTLA-4) or programmed cell death-1 (PD-1), on
T cells.*? Following successful checkpoint blockade,
there is restoration of the ability of CD8+ T cells within
the tumor to generate IL-2 and to proliferate when ana-
lyzed ex vivo. Current evidence shows that clinical
response with active ICI therapy is mediated through
restored function of pre-existing TIL more than recruit-
ment of new effector CD8+ T cells into the TME.**

Chronic Inflammation and

Immunosuppression

Early studies done on melanoma show that T cells harvested
from tumors exhibit tumor-specificity, but have functional
deficiency. This dysfunction of tumor antigen-specific T cells
has been described prior in in vitro studies.”* These results
suggest that tumor progression in the face of specific adaptive
immunity likely arises from immune suppressive mechan-
isms acting at the level of the tumor microenvironment
(TME).?® The TME is dominated by the tumor but its survi-
val is dependent on an interplay of other cellular players
including marrow-derived immune cells, lymphocytes,
blood vessels, fibroblasts, and extracellular matrix.2021-23
The composition of the TME places the tumor into one of
inflamed,

three possible immune-phenotypes: immune

immune-excluded, or immune desert. These latter two can
both be considered non-inflamed tumors (Table 1).23-¢

In immune inflamed tumors, immune cells are found
in proximity to tumor cells.” These are characterized by
the presence of CD4+ and CD8+ T cells accompanied by
myeloid and monocytic cells in the tumor parenchyma.
The T cell-inflamed subset of tumors are characterized
by expression of T cell markers and chemokines that
mediate recruitment of effector lymphocytes into the
TME. These include CCL-2, CCL-3, CCL-4, and CCL-
5. In vitro studies have demonstrated that expression of
these chemokines can recruit CD8+ effector T cells to

the TME.?> The CXCR3-CXCL9/CXCL10 axis is
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Table | Summary of TME Phenotypes

Profile Immune Inflamed Non-Inflamed

Immune Excluded

Immune Desert

CD4+ and CD8+ T cells

accompanied by myeloid and

Key Feature

monocytic cells in the tumor

Cancer associated fibroblasts (CAF) and
myeloid-derived suppressor cells (MDSCs) in
stroma plays a critical role in regulating effector

Paucity of T cells in the parenchyma and

stroma of tumor

parenchyma T cell trafficking
Inflammatory | Pre-existing anti-tumor immune
Contexture response was initially mounted

but was abrogated within the
TME

effector cells

It is possible that a pre-existing immune
response against tumor may have been present
but has been rendered ineffective by retention of
immune cells in the stroma or by prevention of
tumor penetration through the stroma by

Absent pre-existent antitumor immunity,
suggesting that the generation of tumor-
specific T cells may be the rate-limiting
step

a requirement for CD8+ T-cell trafficking into the TME.
Thus, CXCL9 and CXCL10 in tumor tissues are asso-
ciated with elevated intratumoral T-cell infiltration.?’
Fragments taken from these tumors may stain positive
for PD-L1 on infiltrating immune cells or even in tumor
cells themselves. It is possible that in this phenotype,
a pre-existing anti-tumor immune response was initially
mounted but was abrogated within the TME. Reversal of
immune suppression and consequently clinical response
results from anti-PD-L1/PD-1 therapy in patients with
inflamed tumors. However, this may not be the case in
every instance.”**°

In immune-excluded tumors, the stroma plays a critical
role in regulating effector T cell trafficking into the tumor.
(CAFs) act

through extracellular matrix (ECM)-mediated T cell trapping

Specifically, cancer-associated fibroblasts
and CXCL12-regulated T cell exclusion. Another important
component of the TME, myeloid-derived suppressor cells
(MDSCs), also play a role in restricting accumulation of
T cells into the vicinity of the cancer cells.”® It is possible
that a pre-existing immune response against tumor may have
been present but has been rendered ineffective by retention of
immune cells in the stroma or by prevention of tumor pene-
tration through the stroma by effector cells. T cell migration
through the tumor stroma functions as the rate-limiting step
in the operative immune response in this phenotype. After
treatment with anti-PD-L1/PD-1 agents, stroma-associated
T cells can show evidence of activation and proliferation
but not

uncommon.

infiltration, and clinical

20,26

responses arc

In the parenchyma and stroma of immune-desert
tumors there exists a paucity of T cells.”® Although cells
of the myeloid lineage may be present, the predominant

feature of this profile is the presence of a non-inflamed
TME with little to no CD8+ T cells. It comes as little
surprise that these tumors rarely respond to anti-PD-L1
/PD-1 therapy.”® In contrast to the previous two pheno-
types, “immune-deserts” reflect an absent pre-existent
antitumor immunity, which suggests that the generation
of tumor-specific T cells may be the rate-limiting step.?

Challenges in Immune Checkpoint
Inhibition

As promising as immunotherapy can be, not all patients
exhibit a dramatic response. Frequency of rapid tumor
shrinkage from single-agent anti-PD-L1/PD-1 or CTLA4
is <40%
indication.**® In addition to this, the immunologic and

antibodies depending on the individual’s
financial toxicity associated with ICI therapy warrants
the identification of biomarkers that will reliably predict
which patients will benefit from this type of therapy.>*?’
Predictive biomarkers (Table 2 and Figure 1) are measur-
able biological quantities or identifiable phenotypes that
presage response to a specific therapy.?’

As discussed earlier, tumor-induced immunosuppres-
sion operates in two main ways. The first involves expres-
sion of immunosuppressive molecules or their receptors,
including programmed death-ligand 1/programmed death-
1 (PD-L1/PD-1), galectin-9/TIM-3, IDOI1, LAG-3, and
CTLA4 — immune checkpoints that inhibit the activation
of effector T cells, ultimately leading to immune escape by
the tumor. The second occurs by inducing immunosup-
pressive cells to accumulate around the tumor and secrete
immunosuppressive factors, which inactivate cytolytic

T lymphocytes (CTL).>**!
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Table 2 Summary of Included Predictive Biomarkers in ICI Therapy

Biomarker Validated | Platform Tumor Sample | Comments References
Type Source
PD-LI Yes IHC Multiple Tumor Subject to intratumor and temporal heterogeneity; [20, 34-50]
Expression Cancer tissue Trials use varied cut-offs and determination methods
Types (ie, TPS, CPS)
MSI/MMR Yes PCR-based or | Multiple Tumor Approved for use as a tumor-agnostic biomarker [49, 50,
Status IHC Cancer tissue 72-74]
Types
Tumor Yes (see NGS-based Multiple Blood or | Two platforms — Foundation One CDx and MSK- [58-61]
Mutational comments) | (WES or Cancer Tumor IMPACT have received FDA approval; Available
Burden targeted gene | Types tissue platforms use different cut-offs for defining “high
panel) TMB”
JAK 2 No NGS-based Melanoma Blood or | Rare and subject to validation [62]
Mutation (WES or Tumor
targeted gene tissue
panel)
Ba- No NGS-based Melanoma Blood or | Rare and subject to validation [63]
microglobulin (WES or Tumor
targeted gene tissue
panel)
HLA Class No NGS-based Melanoma Blood Subject to validation [56]
| Diversity (WES or and
targeted gene | NSCLC
panel)
HLA Class No NGS-based NSCLC Tumor Subject to validation [57]
I LOH tissue
TME Contexture
Immunoscore | Yes (see IHC Colorectal | Tumor Validated in early-stage colorectal cancer only [64,76,78]
comments) Cancer tissue
Consensus No Gene Colorectal | Tumor Subject to validation [64,82]
Molecular Expression Cancer tissue
Profile Profiling
Systemic No Varied Multiple Blood Blood biomarkers (eg, NLR, PLR, LDH) serve as [83-88]
Biomarkers surrogates for determining systemic inflammation; cut-
offs are varied and subject to validation
Gut No PCR or NGS | Multiple Gut Subject to validation [89,93]
Microbiome

Abbreviations: IHC, immunohistochemistry; NGS, next generation sequencing; WES, whole exome sequencing; PCR, polymerase chain reaction; NSCLC, non small cell
lung cancer; TPS, tumor proportion score; CPS, combined positive score; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ration; LDH, lactate

dehydrogenase.

PD-1 receptor downregulates T cells, reducing the

activity of T lymphocytes when binding to PD-L1 ligand.

PD-L1 is a receptor found on the cell membranes of

malignant cells. Expression of PD-L1 can favor tumor

cell survival by activating the PI3K/AKT pathway,

facilitating the Warburg effect to favor metabolism via
anaerobic glycolysis.** In addition, binding of PD-1 to its
ligand will inhibit kinase signaling pathways, leading to
inactivation of the T cell. This mechanism of inhibiting
T lymphocytes allows tumor cells to escape the immune

OncoTargets and Therapy 2021:14

submit your manuscript

2057

Dove


http://www.dovepress.com
http://www.dovepress.com

Sacdalan and Lucero

Dove

Tumor Associated Factors

@ PD-L1 Expression

@ Tumor Mutational Burden

@ MSI/MMR status

@ TIL (Immunoscore)

@ Consensus Molecular Subtype
@ Neoantigen burden

@ Specific mutations (e.g. JAK, B2M)

Created with BioRender.com

f Host Associated Factors

@ HLA diversity
@ Gut microbiome

Circulating blood
based biomarkers

%?U“’é
ey

Figure | Predictive biomarkers that affect the tumor microenvironment and immune checkpoint inhibitor therapy

system and thus survive and develop further.*** In rela-
tion to this, PD-L1 expression serves as a predictive bio-
marker for response to anti-PD-L1 or anti-PD1 therapy.
For this purpose, immunohistochemistry assays for PD-L1
protein expression have been developed for clinical use as
companion diagnostics.?’***> Currently, the FDA has
approved PD-L1 IHC as a companion diagnostic for anti-
PDI1 therapy for several solid tumors including: NSCLC,
Gastric Cancer and GE Junction Cancer, Head and Neck
SCC, Cervical Cancer, and Urothelial Carcinoma. Data in
support of the use of PD-L1 as a predictive biomarker in
these indications have come from Phase II and III
trials.*® " Interestingly, while the earlier mentioned trials
have found a positive association between PD-L1 expres-
sion levels and response to PD1-directed ICI therapy, other
studies have failed to do so. Even when PD-L1 expression
is correlated with response, patients with low to no detect-
able PD-L1 expression have been seen to experience dur-
able clinical benefit.’'>*> On balance therefore, PD-LI
expression remains a useful yet imperfect predictor of
ICI response. The absence of a standardized criteria and
cut-offs for assessing positivity across trials is an issue
across trials. Other potential reasons behind the incongru-
ent results of PD-L1 biomarker studies include the use of
different detection assays, heterogeneity in the expression
of PD-L1 by tumors, and variations in the temporal
expression of this ligand”®° A recent meta-analysis

investigated the utility of other checkpoint proteins, speci-
fically IDOl and LAG3 as prognostic biomarkers in
NSCLC. This study showed a potential use for these
proteins, but their value is based on limited evidence.*

Nucleated cells express major histocompatibility com-
plex (MHC) proteins on their cell surface. These are
encoded by the human leukocyte antigen (HLA) gene
complex. HLA genes are the most polymorphic genes in
the human genome and encode key components of immu-
nogenicity as these are the lynchpin of antigen presenta-
tion and therefore of the adaptive immune system.?’
Specifically, HLA-I diversity is characterized by signifi-
cant sequence variation in peptide-binding regions.zo’55
The presence of a more diverse array of HLA-I molecules
was associated with increased survival based on an analy-
sis of 1535 patients with ICI-treated tumors.’® Conversely,
HLA-I LOH is an immune escape mechanism under strong
selection pressures that can result in resistance to
immunotherapy.”’

Another biomarker is tumor mutational burden (TMB),
which is a measure of the number of mutations in a cancer.
The number of mutations correlates with the number neo-
antigens present in a tumor which can be immunogenic
and thereupon trigger a T cell response against it.>®
Traditional TMB detection is performed by whole-exome
sequencing (WES) as the gold standard. This method
however can be costly and cumbersome and therefore
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next generating sequencing (NGS) targeted gene platforms
are increasingly being favored. In relation to this, the FDA
has approved two such platforms — Foundation One CDx
and MSK-IMPACT - for use as companion diagnostics to
anti-PD-1 ICIs.>®* % A direct relationship between ICI
and TMB has d. %ot
Despite this observation challenges remain with the use

responsiveness been describe
of TMB as a biomarker predictive biomarker for response
with ICI therapy. First, there is currently no consensus in
the definition of TMB cutoffs for patient stratification.>>®
Secondly, specific genomic alterations influence tumor
response to ICI regardless of TMB status. For example,
PD-L1 amplification results in response to ICI regardless
of TMB levels. Loss-of-function mutations in JAK1/2
which play a role in chronic inflammation result in
decreased sensitivity to IFN-y have been seen to result in
acquired resistance to immunotherapy first in mouse mod-
els and subsequently with melanoma. Alterations in
B2-microglobulin have likewise been found to correlate
with poor outcomes in melanoma.’**>%¢*% Third, TMB
has been widely associated with solid tumors, but it is
critical to keep in mind that the total number of mutations
per coding area of genome is substantially different among
tumor types (as well as among individuals with the same
types of tumors).”® Fourth, at least some assumptions on
the utility of TMB are based on results from retrospective
studies which need to be validated in prospective studies.”®
All these taken together highlight limitations of TMB as
a predictive biomarker, particularly when used in isolation.

Mechanistically, MSI-H/dMMR tumors are a specific
type of high TMB tumor that generates a high mutation
associated neo-antigen (MANA) load due to defective
genomic repair machinery.** DNA mismatch repair
(MMR) mechanisms maintain genomic integrity. The
main function of MMR proteins is the correction of single
base nucleotide mismatches that arise during DNA repli-
cation and recombination. Mutations arising from these
errors include indels that cause frameshifts that produce
neoantigens that are more immunogenic because of their
greater sequence divergence from self-peptides. It is there-
fore not surprising that MSI-H/dMMR status is associated
with
TMB.?%-38:65:6¢ Determination of microsatellite/mismatch

improved ICI response due to its increased
repair status can be made using sequencing or IHC-based
methods.®”*® Studies on colorectal cancer have demon-
strated that T cell infiltration into the tumor bed is asso-
ciated with positive outcomes. Approximately 15% of all
CRCs are MSI-H/dAMMR. MSI-H/dAMMR disease is

prognostic with stage II MSI-H/dAMMR tumors carrying
a lower risk of recurrence than stage II MSI-L/pMMR
tumors with a 35% reduction in the risk of death asso-
ciated with MSI-H status on pooled analysis.®’
Conversely, in the case of stage 4 MSI-H/dMMR disease
(~3% of all mCRCs), the opposite is the case. Patients
with MSI-H/dMMR tumors that metastasize have a dismal
prognosis. Notably, expression of the immune checkpoint
proteins PD-L1/PD-1 and CTLA4 are upregulated in these
tumors.”® These observations suggest that MSI-H/dMMR
status of CRCs might respond well to immune checkpoint
blockade.”' Phase II trial data have shown the benefit of
PD-1-directed ICI therapy in the treatment of MSI-H/
dMMR tumors regardless of primary site leading to FDA
approval of Pembrolizumab and Nivolumab for this tumor
agnostic indication.****""7* Notably, approximately 50%
of all CRC exhibit dysfunction of the MMR protein MSH3
in the context of inflammation and release of IL-6 from
infiltrating immune cells. Isolated MSH3 dysfunction
allows cancer cells to accumulate non-mononucleotide
microsatellite frameshift mutations that are likely not
very immunogenic, as well as DNA double strand breaks.
The latter being a result of the MSH3s contribution to
homologous recombination repair. The effect of the loss
of MSH3 function in this setting on the effectiveness of
immune checkpoint blockade has not been tested to date.”

For over a century, immune infiltration of cancers has
been thought to be a positive prognostic factor for patient
outcomes; but these insights have not directly informed
clinical decision making. With the emergence of newer
imaging, sequencing, and computational tools it has
become possible to demonstrate the prognostic impor-
tance of the immune contexture more clearly.”® Gene
expression profiling (GEP) and IHC staining have been
used to characterize the immune infiltrate in colorectal
cancer and to subsequently correlate this with patient
outcomes.’”’ Refinement of this technique has allowed
the development of an Immunoscore that accounts for
the density and location of CD3+ and CD8+ T cells
within the tumor. This scoring system is based on the
numeration of lymphocyte populations at the core and
invasive margins of tumors. What results is a total ran-
ging from an Immunoscore 0 (I0) when low densities of
T cells are found in both regions to an Immunoscore 4
(I4) when high densities are found. This has recently been
validated in a cohort of 2681 early-stage colon cancer
from 14
Interestingly, the authors showed that patients with

patients centers across 13  countries.
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a high Immunoscore had similar tumor relapse and survi-
their MSI-H/dMMR

Specifically, higher Immunoscores correlated with better
C 6478

val independent of status.
clinical outcomes in patients with stage I-III CR
Therefore, it is possible to conclude that the favorable
prognosis observed in MSI-H/dMMR localized CRC is
related to high immune infiltration, which gives credence
to the notion that TILs are important in disease control by

tumor d.6+76

preventing local and distant sprea
Interestingly, the heterogeneity of infiltrating T cell den-
sity appears to be greater in MSI-H/dAMMR compared to
MSI-L/pMMR tumors.”** A small cohort study of MSI-
H/dMMR colon cancer showed that higher CD3+ and
CD8+ T cell densities on cancer cells are associated
with a higher ORR and duration of disease control fol-
lowing treatment with Pembrolizumab.*® Additional vali-
dation of immunophenotyping as a predictor of response
to immunotherapy in metastatic disease is necessary and
prospective trials for this purpose such as NCT03608046
are underway.®'

The consensus molecular subtype (CMS) classification
is potentially a new biomarker of response to immune
therapies that has likewise been developed for CRC. This
system classifies tumors into one of four subtypes based
on GEP. CMS1 and CMS4 are immune-reactive, so-called
“hot” tumors which are and highly invested with immune
cells in contrast to CMS2 and CMS3, which are “cold”
tumors.®**? It needs mentioning that care is to be taken
when selecting biopsies and resection specimens for CMS
classification because this system has been developed from
samples of primary non-metastatic CRC and it is not
totally reproducible on metastatic samples or validated in
the metastatic setting. Moreover, spatial- and temporal-
tumor heterogeneity, seen widely in the metastatic setting,
can muddy CMS status. Therefore, the source of the sam-
ple as well as prior treatments before collection have to be
taken into account when applying the CMS
classification.®*

Blood- and serum-derived biomarkers allow assess-
ment of potential ICI response in a minimally invasive
manner. These biomarkers also serve as surrogates that
estimate underlying systemic inflammation, which in turn
has been associated with more dismal outcomes in treat-
ment, including ICI therapy.®**’ Peripheral blood neutro-
phil to lymphocyte ratio (NLR) values greater than five
were associated with decreased PFS and OS in multiple
studies of anti-CTLA4 and anti-PD1 across a wide range

20,83,85,88

of cancer types. Several other features of

peripheral blood composition have been associated with
ICI response such as platelet to lymphocyte ratio (PLR),
total lymphocyte count (TLC), monocyte count, relative
eosinophil count, T cell clonality, circulating Treg cell
levels, cytokine levels (for example, IL-6, IL-8 and IL-
10), circulating monocytes or MDSCs, and lactate dehy-
drogenase (LDH) activity. The key challenge with these
blood-based biomarkers is the need to standardize cut-off

and for wvalidation in

20,84,85

values large prospective
studies.
The microbiome is emerging as an important regulator
of immune checkpoint inhibitor efficacy and toxicity. It
has also been shown to promote carcinogenesis in gastro-
intestinal, colon, liver, and gallbladder cancers.” The mam-
malian immune system uses pattern recognition receptors
(PRRs), which include Toll-like receptors and NOD-like
receptors to recognize microbes. They then activate speci-
fic pathways that activate inflammatory stimuli causing
further tumor proliferation or resistance to cell death.®
Tumors themselves harbor microbiomes that have been
shown to be like that of normal adjacent tissue.
Furthermore, as tumors develop, circulating bacteria may
colonize the TME allowing it to interact with tumor cells,
consequently affecting tumor immunity, and tumor
response to therapy.”® It has been postulated that these
tumor microbiomes are the result of chronic inflammation,
vascular permeability, and the immunosuppressive status
of the tumor.”’ Multiple studies have shown that the com-
position of the gut microbiome affects immune function
and the efficacy of immune checkpoint inhibitor therapy.
Increased intake of dietary fiber, fermented foods, and
plant protein have been shown to maintain a healthy gut
microbiome.?® Conversely, drugs such as antibiotics and
proton pump inhibitors may lead to a less healthy gut
microbiome and consideration has to be given about the
judicious use of these.’*”® Maintaining a diverse gut
microbiota results in diminished inflammatory biomarkers
that contributes to better responses to immunotherapy.”
Apart from response to therapy, a healthy host microbiome
has also been shown to be protective against drug-induced
adverse effects, particularly for CTLA-4 blockade-induced
colitis. Table 3 summarizes bacteria that have been found
to be beneficial as studied in humans. However, it is more
likely that those that respond well to immunotherapy have
a combination of various microbiota and not just the pre-
sence or absence of a specific species.””?
Single biomarkers are inadequate to capture the

immune status of a patient. Multiple studies have shown
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Table 3 Association Between Specific Bacteria as Predictive Biomarker for ICI Response

Bacteria Tumor Immunotherapy Associated with Response
Faecalibacterium Melanoma CTLA-4 mAb Yes
Bacteroides thetaiotaomicron
Bacteroides fragilis
Bacteroides caccae
Bifidobacterium longum Melanoma PD-I mAb Yes
Collinsella aerofaciens
Enterococcus faecium
Ruminococcaceae
Ruminococcaceae Non-small-cell lung cancer Gastric cancer PD-I mAb Yes
Roseburia spp. Renal cell carcinoma PD-I mAb Yes
Faecalibacterium spp.

that a combination of multiple factors yields a higher Disclosure

positive predictive value for overall response rate,
improved overall survival, and longer progression-free
survival. Models that include tumor mutational burden,
PD-L1 expression, tumor infiltrating lymphocytes, and
T cell-inflamed gene expression profiling in various
combinations.” Predictive models are currently being
styled using computational methods to analyze both the
number and type of tumor antigens to determine
survival.”**> More studies are needed to investigate appli-

cations to various cancer types.”>

Conclusion

Chronic inflammation and immunosuppression can drive
development of cancer. The interplay of these with tumor
and host factors can be used to predict response to immune
checkpoint blockade. While some of these biomarkers
have received regulatory approval as companion diagnos-
tics, others remain in development. Given the disparate
strengths and limitations of each biomarker, on balance it
is likely that comprehensive tools that incorporate several
treatment

biomarkers may more accurately predict

response to immune checkpoint inhibitor therapy.
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