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Abbreviations

ACT Adoptive Cell Therapy
CIR Cancer Immune Responsiveness
CIT Checkpoint Inhibitor Therapy
DAMPs Damage-Associated Molecular Patterns
DSP Digital Spatial Profiling
HMGB1 High Mobility Group Box 1
ICD Immunogenic Cell Death
ICR Immunologic Constant of Rejection
IDO Indoleamine 2,3-Dioxygenase
IFN Interferon
IL Interleukin
IO Immune Oncology
NOS Nitric Oxide Synthase
PDL1 Programmed Cell Death Protein Ligand 1
TCGA The Cancer Genome Atlas
TGF Transforming Growth Factor
TILs Tumor-Infiltrating Lymphocytes
TIM-3/HAVCR2 T cell Immunoglobulin and Mucin-domain

containing-3/Hepatitis A Virus Cellular Receptor 2
TIS Tumor Inflammation Signature
TMB Tumor Mutational Burden
TME Tumor Micro-environment
TOC Two Option Choice
TOE Theory Of Everything
VEGF Vascular Endothelial Growth Factor
VISTA V-domain Immunoglobulin Suppressor of T cell Activation

5.1 Introduction

Cancer development results from the evolutionary balance between the proliferating
aptitude of cancer cells and the response of the host‘s tissues [1]. The latter is
dependent upon paracrine factor released by cancer cells and upon cell-to-cell
contact interactions that stimulate tissue remodeling to support the growth of the
neo-formation. In the process, a balance can be stricken by two opposite strategies
[2, 3]: in the simplest, cancer initiation, promotion, and progression follow a
cumulative and coherent process of progressive genetic alterations that lead to
cancer-initiating cells [4, 5] that involve critical mutations of genes regulating
normal cell growth and differentiation with minimal disruption of surrounding
tissues similar to the strategy adopted by non-cancer stem cells during normal
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development [6]. At the other extreme, genetic instability dependent upon disrup-
tion of several surveillance mechanisms such as DNA damage checkpoints, DNA
repair machinery, and mitotic checkpoints results in the disorderly and
non-sequential damage of multiple genes controlling cell division which have been
associated with immune inflamed tumors and their responsiveness to Immune
Oncology (IO) agents [7–10]. This instability results in the disruption of several
cellular functions of which only a few are required for survival while several have
broader effects on the surrounding tissues of which some benefit from and some are
detrimental for cancer growth [1]. This phenomenon may amplify and exaggerate
the tissue remodeling properties described originally by Virchow’s healing wound
theory [11] that includes inflammatory processes that may complement wound
healing but are not relevant to cancer growth [1, 12]. The latter may be amplified in
immunogenic tumors by the presence of Damage-Associated Molecular Patterns
(DAMPs) that induce an exaggerated immune response by the host [13, 14].
DAMPs are released by degenerate cancer cell death also referred to as
Immunogenic Cell Death (ICD) that is strictly associated with the activation of
other immune effector and immune-regulatory pathways [3]. In particular, we
observed that the strength of ICD activation is highly proportional to the activation
of immune effector responses and of immune-suppressive mechanisms that mold
the balance of immune surveillance including the checkpoint cluster, regulatory T
cells, the Interleukin (IL) 23-Th17 axis, myeloid suppressor cells, and metabolic
suppressors [3].

Here, we will describe immune-active landscapes and the compensatory regu-
latory mechanisms balancing immune surveillance. We will discuss the roles that
adaptive and innate immunity play in the conundrum of self-non-self-recognition
including the weight that neo-epitopes may exert as initiators and sculptors of
high-affinity memory and effector immune responses against cancer. We will dis-
cuss the evolutionary root for the existence of immune checkpoints and how several
theories explaining cancer immune resistance to immunotherapy are rather a facet
of a similar phenomenon that we assembled in the Theory of Everything [3]. We
will discuss how the biology of immunogenicity and counterbalancing immune
regulation is widespread across different cancer histologies at the same time indi-
cating idiosyncratic differences among them. Finally, we will discuss how over-
coming immune resistance implies different approaches relevant to the immune
context of individual cancers.

5.2 The Immune Contexture of Cancer

It is broadly accepted that morphologically the Tumor Micro-environment (TME)
can be portrayed according to three immune phenotypes: immune active, immune
desert, or immune excluded [3, 15, 16]. This segregation is independent of indi-
vidual cancer ontogenesis [2, 3]. The immune-active landscape is characterized by
the homogenous infiltration of CD8 T cells intermixed with cancer cells within
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proliferating tumor nests. The immune-deserted landscape is devoid of immune
infiltrates, in particular, T cells. The immune excluded is characterized by T cell
lineups confined to the periphery of cancer nests reminiscent of the peri-insulitis
that associates with experimental and clinical type 1 diabetes [17].

The morphological distinction is reduced to only two immune phenotypes when
gene expression profiling is applied to bulk tumor tissues such as the samples
collected by the The Cancer Genome Atlas (TCGA). In this case, no information
about spatial distribution of various cell types is available. Thus, only a gradual
progression in the level of expression of transcripts associated with immune infil-
tration and activation can be imputed for classification of immune landscapes based
on studies where immune histochemical parameters were compared to transcrip-
tional profiling [18–22]. Therefore, at the transcriptional level, tumors can be
classified as immune active at one extreme and immune silent at the other [2, 3, 23–
26]. It has been our unpublished observation that immune-excluded tumors behave
most frequently as functionally immune-active tumors suggesting that immune
exclusion is not due to immune ignorance but rather to the presence of functional
and/or mechanical barrier that prevents progression of cognitive T cells. With the
exception of immune exclusion, the functional distinction based on transcriptional
signatures fairly represents the morphological classification as it has been shown
that the immune infiltrated landscape is defined not only by the density and spatial
distribution of Tumor-Infiltrating Lymphocytes (TILs) but also by their functional
orientation toward a Th1 effector phenotype [18, 19].

Combined peri-tumoral and intra-tumor infiltration of CD8 T cells functionally
oriented toward a Th1 phenotype has been shown to be associated with improved
survival of patients with colorectal cancer [19, 27, 28]. This observation has been
recently validated by a multi-national, multi-institutional consortium where a
parameter called the immunoscore that includes the combined assessment of CD3
and CD8 expressing T cells [20, 22, 29, 30] accurately predicted prognosis in a
multivariate analysis [31].

We identified a functional signature associated with the immune-active land-
scape that is an independent prognostic marker in several data sets of breast cancer
[23, 25]. This signature can be applied to sub-classify cancers according to degree
of immune activation [3]. Moreover, this transcriptional signature or some of its
components is predictive of responsiveness to IO agents [32, 33] and defines the
mechanism of immune-mediated tumor rejection [34–38]. We termed this signature
the Immunologic Constant of Rejection (ICR) [12]. A survey of two open-access
data sets comprising approximately 3,000 cases of breast cancer [23, 24, 39]
allowed us to rank cancers according to the transcriptional expression of genes
associated with immune-mediated tissue-specific destruction. This consists of a
conserved mechanism responsible for destructive flares of autoimmunity, acute
allograft rejection, and graft-versus-host disease, clearance of pathogen-infected
cells and rejection of cancer [12, 40]. Expression of the ICR signature is uncon-
ditionally associated with this process [12].
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The ICR bears both predictive and prognostic implications in various cancers
within the continuum of anti-cancer immune surveillance [18]. Specifically, the ICR
signature includes four functional categories summarized by 20 representative
genes: CXCR3/CCR5 chemokines (CXCL9, CXCL10, CCL5), Th1 signaling
(IFNG, IL12B, TBX21, CD8A, STAT1, IRF1, CD8B), effector (GNLY, PRF1,
GZMA, GZMB, GZMH), and immune-regulatory (CD274, CTLA4, FOXP3,
IDO1, PDCD1) functions. The expression of the 20 representative genes is highly
correlated with the extended ICR signature that includes approximately five hun-
dred genes [12, 35, 40]. The 20-gene ICR bears strong analogy with other signa-
tures predictive of immune responsiveness to human recombinant IL-2-based
therapy [32–34] and Checkpoint Inhibitor Therapy (CIT) [41]. For instance, Ayers
et al. using RNA from baseline tumor samples of pembrolizumab-treated patients
identified and validated a pan-tumor T cell-inflammation gene signature (tumor
inflammation signature, TIS) that defines prognostic landscapes of cancer [42] and
is predictive of cancer responsiveness to CIT. The TIS contains Interferon (IFN)-
c-responsive genes (CD27, STAT1,1 IDO1, HLA-E, NKG2) related to antigen
presentation (HLA-DQA1, HLA-DRB1, PSMB10, CMKLR1) chemokine and
chemokine receptors (CCL5, CXCL9, CXCR6), cytotoxic activity (CD8A), and
adaptive immune resistance (TIGIT, LAG3, CD274, CD276, PDCD1LG2). The
expression of the TIS signature tightly correlates with the ICR signature and it has
been developed into a clinical-grade assay currently being evaluated in ongoing
pembrolizumab trials [43].

The expression of ICR genes is consistently accompanied by that of the ICD
signature and of genes associated with immune-regulatory functions believed to
determine immune resistance [3, 23]. These include regulatory T cells, IL-23-Th17
axis activation, myeloid suppressor cells, the PI3K-c pathway, the checkpoint
cluster, and the IDO/NOS signature [3].

5.3 The Paradox of Immune Exclusion

The phenomenon of immune exclusion represents a biological paradox. The
presence of T cell at the periphery of tumor nests and their functional orientation
toward a Th1 phenotype suggests that some immunogenic stimulus attracts them
there. What stops them from infiltrating the tumor nests? Cancers are clonal,
especially within a single tumor nest. Yet, repetitive patterns of heterogeneity
suggest that from the “germinal center” of each tumor nest toward its periphery a
transformation occurs in the biology of cancer cells and/or their by-products that
affect migration and function of immune cells. The transition from an immune
depleted germinal center toward an immunologically active periphery is discordant
with the relatively homogeneous biology implied by a progeny of cells deriving
from a single clone [44]. What determines this rapid change within a few cell

1In bold are transcripts in common between the ICR and the TIS signature.
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divisions? Various hypotheses have been raised to explain immune exclusion but
no conclusive understanding of the weight that each one plays in the context of
human cancers has been reached [3, 45].

While immune ignorance may most likely shape the development of silent
cancers, it is possible that immune exclusion is determined by functional or
mechanical barriers that prevent a cognitive immune response. Thus, the biology of
immune exclusion may be quite different from that of silent cancers. In fact, the
reasons for immune exclusions may depend on two opposite vectors (Fig. 5.1).
A centrifugal gradient of escalating immunogenicity responsible for attracting T
cells at the periphery may depend upon a metamorphosis of tumor cell biology
transition from cancer-initiating cells in the center to their progeny at the periphery
[46] following a process reminiscent of epithelial–mesenchymal transition. This in
turn has been shown to bear profound effects on the immune orientation of the TME
[47]. Moreover, evolving patterns of cell death from the germinal center to the
periphery may progressively increase immunogenicity. Perhaps, cancer cells may
differentiate from a stem-cell-like core to a degenerate progeny at the periphery
prone to ICD [46]. This could be tested by surface expression of calreticulin or
other ICD markers or the analysis of expression of DAMPs [48]. Alternatively,
cancer cell death occurs only at the periphery while the “germinal” centers continue
to proliferate and this could be tested using proliferation markers such as Ki67,
proliferating cell nuclear antigen, and mini-chromosome maintenance proteins [49].
This may be associated with decreasing chemoattraction from the periphery to the
center with higher expression of T cell attracting cytokines such as the CXCR3 and
CCR5-ligand chemokines tightly correlated with the immune-active TME and part
of the ICR signature [12, 23, 40].

Alternatively, cancer cell immunogenic potential may remain constant while
increasing intensity of immune exclusion mechanisms may follow a centripetal
gradient (Fig. 5.1). Several mechanisms could be postulated such as an insufficient
or abnormal expression of factors determining vascularization like Vascular
Endothelial Growth Factor (VEGF)-a [50, 51] gradually increasing expression of
Transforming Growth Factor (TGF)-b, production of immune-suppressive
metabolites such as Nitric Oxide Synthase (NOS) proteins and their bio-products
[52, 53], or Indoleamine 2,3-Dioxygenase (IDO) [54, 55], hypoxia gradients [56,
57], altered glycolytic, and electrolyte rates [58]. In addition, mechanical rather than
functional barriers may be developed at the interface between tumor margins and
the host stroma while proliferation continues undisturbed at the center of the tumor
nests [51, 59–62].

Finally, it is possible that a dynamic functional barrier is established upon the
first encounter of T cells with cancer cells at the periphery of tumors cells which
triggers a cross talk among different immune cells and cancer cells leading to the
production of inflammatory cytokines such as IL-12 and IFN-c and consequently
the activation of checkpoint suppressor functions [63, 64] that limits the migration
and proliferation of T cells beyond the periphery of the tumor nests.
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Clinical evidence show that the ability of cancers to induce adaptive memory
responses may be required but not sufficient for the localization of T lymphocytes at
the tumor site and that the TME is the ultimate modulator of Adoptive Cell Therapy
(ACT) products homing by determining chemoattraction, function, persistence, and
relevance of transferred T cells was provided by in vivo trafficking studies [65].
Specifically, 111Indium-labeled tumor antigen-specific TILs were studied for their
ability to localize in melanoma metastases upon adoptive transfer. TILs migrate into
the target lesions only in a fraction of patients, while in several other cases they
were trapped in the lungs and in lymphoid organs. Responses were observed
exclusively in patients in which TILs localized at the tumor site suggesting that in a
large proportion of patients the lack of response to ACT is due to lack of infiltration
of T cells in tumors from patients who had cancer-specific adaptive memory
responses. Interestingly, among those cases in which the TILs were localized at the
tumor site only a fraction of patients responded to therapy demonstrating observ-
able regression of tumor masses [66]. Another example of dissociation between the
development of memory responses against cancer and their deployment within the
TME is the successful induction of circulating tumor antigen-specific immune

Fig. 5.1 The paradox of immune exclusion—Example of distinct theories that may explain the
confined presence of T cells at the periphery of immune-excluded cancer nests. Blue and red
arrows describe, respectively, centrifugal or centripetal vectors of increasing or decreasing immune
attraction of exclusion from the center of a cancer nest to the periphery. In addition, a functional
and dynamic barrier is described of immune interactions at the first encounter of cancer and
immune cells at the periphery of tumor nests
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responses by vaccines that, however, do not correspond to cancer regression
mostly because of lack of localization of the vaccine-induced T cells at the tumor
site [67, 68].

In summary, we suggest that the immune-excluded TME landscape is closer in its
“phylogeny” to the immune-active cancers rather than the silent ones and it may be
an optimal model system to understand mechanisms of immune modulation in
humans by understanding the biology of functional and/or mechanical barriers
affecting immune infiltration. These tumors with a heterogeneous architecture may
represent ideal targets to address the relevance of the TME in linking tumor
immunogenicity with immune infiltration and identifying distinct biological mech-
anisms and combination of them that may determine this phenotype and could be
modulated pharmacologically. This will require the use of spatially resolved mul-
tiplexed, multi-analyte molecular assessment of the tumor heterogeneity using newly
emerging technology [69] platforms such as the GeoMx DSP which allows for
digital quantification of the distribution of RNAs or proteins from formalin-fixed,
paraffin-embedded tissue sections in a spatially resolved and highly multiplexed
manner. Consequently, digital spatial profiling has the potential to reveal actionable
changes in biology that otherwise may be obscured by non-spatially resolved tissue
profiling. This sensitive, robust, and rapid platform enables the users to efficiently
assess immune cell response, T cell activation/proliferation, tumor reactivity, and
heterogeneity in multiple types of cancer cells [70, 71].

5.4 What’s the Buzz with Neo-epitopes?

The explanations for the development of an active immune landscape revolve
around two non-mutually exclusive interpretations of the mechanisms leading to
immune surveillance. One suggests that the primary stimulus that induces
anti-cancer immune responses is the recognition of non-self-proteins by the adap-
tive immune responses. Thus, self-non-self-discrimination promotes priming of
adaptive immune responses as the primary mechanism leading to cancer rejection
through recognition against non-self-antigens (neo-antigens) and respective
neo-epitopes generated by the translation of missense mutations into novel protein
domains. This hypothesis is based on several experimental [72, 73] and clinical
observations. For instance, cancers with high mutational burden are more frequently
observed within the immune-active landscape and a large number of studies
reported various degrees of association with prognosis and/or immune respon-
siveness to IO agents [72–83]. The weight that adaptive immune responses play in
the development of cancer landscapes bears important implications for the devel-
opment of IO agents. For instance, the development of T cell responses against
neo-epitope suggests that these may depend on the activation of T cells bearing
high-affinity TCRs that have not gone through negative thymus selection and,
therefore, could be more effective anti-tumor agents [73, 84, 85]. Such postulate,
however, has not been conclusively demonstrated in humans where high-affinity
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TCRs against non-mutated antigens can also be detected [86, 87]. Another
important concept is that the development of adaptive immune responses against
mutated antigens gives confidence that a therapeutic agent will not have an
on-target, off-tumor effect that could cause major adverse events [88, 89].

Recently, Thomas et al. investigated the genomic, transcriptomic, and clinical
database from TCGA and from the Molecular Taxonomy of Breast Cancer Inter-
national Consortium cohorts to examine associations between Tumor Mutational
Burden (TMB) and survival in patients bearing tumors characterized by distinct
signatures associated with [24] prognostic connotation reflecting favorable, weak, or
poor immune-infiltrate dispositions. A high density of tumor-infiltrating lympho-
cytes, as estimated by the expression of monocytes, DC, and T, NK, and B cells
transcripts, was associated with improved survival in patients with high TMB but not
in those with low TMB independently of tumor stage, molecular subtype, age, and
treatment. Interestingly, in the same study, preferential amplification of chromosome
1q immune-regulatory genes in tumor with poor immune infiltrate disposition was
noted [75]. Similarly, in the same dataset, the prognostic role of immune-related
signatures was restricted to tumor with high proliferative capacity [24, 25]. This data
suggests that, in tumor with high mutational burden and/or high proliferative
capacity, the immune favorable disposition is elicited by specific features of cancer
cells, while in the ones with low proliferative capacity/low mutational burden such
transcriptional signature is the result of a bystander immune infiltration with no
protective effect. Therefore, it is possible to speculate that a proportion of pheno-
typically “immune-active” tumors are functionally “immune silent.” A combined
analysis of tumor cell intrinsic features and immune disposition might facilitate the
identification of true “immune-active” tumor and enhance the predictive values of
transcriptomic signatures in the setting of cancer immunotherapy (Roelands et al., in
preparation).

Although the value of self-non-self-discrimination by adaptive immune response
bears an unquestionable therapeutic impact, the initiating role of adaptive
self-non-self-recognition in determining cancer immune landscapes has been ques-
tioned by recent observations by us [23, 42] and by others [90].

Basic understanding of immunologic processes confutes the primary role that
adaptive immunity plays in the rejection of cancer emphasizing the need for a first
signal [13, 14, 91–96]. The conditionality of adaptive immune responses is also
suggested by experimental evidence that they are not an essential requirement for
the rejection of cancer as exemplified by the transferrable anti-cancer innate
immunity model [97–100] and by oncotropic virus-mediated rejection of xenografts
in immune-deficient mice [36, 37]. From the clinical standpoint, the secondary role
played by adaptive immunity could also explain the paradoxical observation that
vaccines aimed at priming adaptive immune responses can consistently elicit sys-
temic immunity, which, however, does not correlate with tumor rejection [67, 68].
Thus, immune ignorance is not a sole explanation for cancer immune resistance to
surveillance mechanisms. It should also be pointed out that seminal studies done on
the effectiveness of tumor-infiltrating lymphocytes demonstrated that their homing
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at the tumor site is necessary, though not sufficient, to induce tumor regression
pointing to the critical role that chemoattraction may play in immune responsive-
ness [66, 96].

5.5 The Chicken and Egg Conundrum
of Self-non-Self-recognition

As for all immunologic phenomena, the TME landscapes are likely shaped by a
cascade of innate mechanisms as a first signal secondarily followed by adaptive
immune responses as originally suggested by Charles A. Janeway Jr. and Polly
Matzinger’s danger model [13, 14, 91–96, 101–103]. These models align with the
central role subsequently proposed by Kroemer et al. [104] for ICD in initiating
anti-cancer immune responses [96, 104–106]. This concept is not in antithesis with
the role played by self-non-self-recognition by the adaptive immune system but
rather proposes a sequential path that requires initiation through innate mechanisms
and may not necessarily require self-non-self-discrimination as demonstrated by the
natural immune responses against non-mutated melanoma-associated melanocyte
lineage-specific antigens [107, 108]. Self-non-self-discrimination by innate immu-
nity mechanisms postulates that activation of innate and adaptive immunity is
dependent upon recognition of foreign material such as pathogen-associated
molecular patterns sensed by pattern recognition receptors excluding endogenous
sources as mediators of immune activation. In contrast, the danger model proposes
that non-physiological, sterile, cell death can activate the innate immune system by
releasing DAMPs [14, 103]. Garg et al. [96] described a pathogen response-like
recruitment and activation of neutrophils by sterile immunogenic dying cells that
drove primarily neutrophil-mediated killing of cancer cells awakening at the same
time secondary mechanisms of innate and adaptive immune recognition.

As previously discussed, the ICD gene signature was positively associated with
the inflamed immune landscapes suggesting that it is a requirement for the devel-
opment of the immune-active phenotypes [3]. Conversely, absence of ICD in
immune-silent tumors leads to immune ignorance. Some chemotherapies such as
anthracyclines and oxaliplatin can induce ICD [109], which is characterized by
overexpression by dying cells of calreticulin, the ER-associated protein disulfide
isomerase 57 [110] that promotes the uptake of dying cells by dendritic cells and/or
the release of High Mobility Group Box 1 (HMGB1) and ATP [48], which in turn
activate downstream pathways of innate sensing of danger [104]. Recently, it has
been shown that other anti-cancer modalities of treatments can induce ICD in a
tumor cell-specific manner. For instance, an epidermal growth factor receptor-
neutralizing antibody affects cancer growth primarily by blocking receptor–ligand
interactions. However, its anti-cancer activity is amplified when the antibody is
administered in combination with chemotherapeutic agents [111].
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Previous studies on ICD focus on the activation of antigen presentation by
dendritic cell to prime and sustain adaptive immune responses. However, ICD
activates also innate effector mechanisms through the recruitment of neutrophils,
macrophages, and NK cells. These innate mechanisms recapitulate the immune
response to pathogens and are evolutionarily conserved across vertebrates [96,
112]. Furthermore, both tumor cells undergoing ICD and innate mechanisms
activated by ICD induce the secretion of chemokines such as CXCL1, CCL2,
CXCL9, and CXCL10 that secondarily recruit adaptive immune cells [96, 104].
Thus, we propose that the TME is primarily molded by the way cancer cells die
which defines the primary signal for immune surveillance.

5.6 Cancer as an Evolutionary Process and the Theory
of Everything

In the theory of everything, we suggested that cancer immune phenotypes are
shaped by a binary evolutionary choice [3]. In the majority of cases, genes asso-
ciated with immune-regulatory functions correlate in expression with the ICR
genes. Thus, we propose that the natural history of cancer is shaped at the crossroad
of two biological evolutionary paths as a “Two-Option Choice” (TOC) or Hob-
son’s predicament (Fig. 5.2): (1) immunogenic tumors can only survive in the host
when immune-suppressive mechanisms balance the reaction of the host and
(2) silent tumors can grow undisturbed [2].

The segregation between the biology of immune-active compared to
immune-silent tumors is corroborated by the observation that immune-silent tumors
are characterized by a distinctive mutational profile characterized by low prevalence
of mutations within oncogenes, which suggests in turn a more orderly growth
process [23]. It is, therefore, reasonable to suppose that clean tumor growth is
dependent on an orderly and sequential accumulation of relevant genetic alterations
likely to be centered in a good proportion of cases on the PI3Kc/SFK/pGSK3/
b-catenin axis [113–115]. This process is evolutionarily fit to achieve growth effi-
ciency without unnecessarily interfering with other physiological processes that
regulate the host’s homeostasis.

5.7 The Duck Soup of Immune Checkpoints

As previously described, analyses of large data sets such as the TCGA repository
suggested that immune checkpoints are predominantly co-expressed and the
intensity of expression is directly proportional to the status of activation of ICD
and immune effector mechanisms [2, 3]. This seems to be the case for most
immune-regulatory mechanism and, in particular, for the checkpoint cluster that
includes several inhibitory ligand–surface receptor interactions mostly controlled
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by immune activator signals such as IFN-dependent signaling [116, 117]. This can
be partly explained by a modular expression of several checkpoints in the condition
of T cell exhaustion as part of a broad co-inhibitory gene program driven by
immune-regulatory cytokines such as IL-27 [118] or more generally the level of
differentiation of T cells in the continuum from stem-cell-like to terminally dif-
ferentiated [119–122].

However, some exceptions were noted particularly in non-immunogenic cancers.
Thus, variety in the distribution of expression of immune checkpoints may be
intrinsic to their biology independently of the level of immunogenicity of individual
cancers such as, for example, melanomas. In this case, most co-inhibitory and
co-stimulatory immune checkpoints are expressed in association with the
immune-active landscape. Even in this case exceptions are noticed and some
co-inhibitory checkpoints (CD276, VTCN1, TNFRSF14, CECAM1, SIRPA, PVR)
seem to display an opposite distribution of expression divergent by the common
checkpoint cluster pattern (Fig. 5.3).

Independent of their pattern of distribution, the checkpoints in cutaneous
melanoma correlate in expression among themselves (Fig. 5.4). This is not the
case in non-immunogenic tumors such as glioblastoma. In this case, immune
checkpoints follow a less coordinated pattern of distribution suggesting that their
activation is individual cancer specific. As a possible explanation, the immuno-
genic tumors may provide higher level of stimulation for the activation of immune

Fig. 5.2 The two-option choice or Hobson’s predicament in cancer survival—Reproduced from
Turan et al. [3]
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checkpoint that overcomes different thresholds of activation therefore harmonizing
their expression level. In the case of less immunogenic tumors, the lower intensity
of stimulatory mechanisms may affect differently the expression of checkpoints
requiring distinct threshold of activation and it may be more dependent on
context-specific cofactors. However, to our knowledge, this, however, has not
been tested in human cancers.

Indeed, the discordant distribution of expression of immune checkpoints among
less immunogenic tumors has been described for different histologies including
prostate and pancreatic cancer where the expression of V-domain Immunoglobulin
Suppressor of T cell Activation (VISTA) seem to play a preeminent role compared
with other tumors such as melanoma [123, 124].

Thus, for instance, the effectiveness of CIT is dependent upon two biological
vectors: the first is the level of immunogenicity of a given tumor. More immuno-
genic tumors may stimulate a larger number of immune checkpoints that generate a
complex network of stimulatory and inhibitory interactions. In this case, lack of
responsiveness to a specific therapy such as anti-PD1 monotherapy may be dictated
by the limited weight that one checkpoint mechanism plays in such a complex
TME. The second vector is the specificity of expression of distinct checkpoints in
the case particularly of less immunogenic tumors. Here lack of responsiveness may
be due to the absence of expression of the targeted mechanism. For instance, as
shown in Fig. 5.4, the expression of PD1 and another commonly targeted check-
point such as T cell Immunoglobulin and Mucin-domain containing-3/Hepatitis
A Virus Cellular Receptor 2 (TIM-3/HAVCR2) correlates strictly in melanoma
but minimally in glioblastoma suggesting that in the former case a combination
therapy against both inhibitory checkpoints may enhance chances of success by

Fig. 5.3 Distribution of expression of inhibitory and stimulatory checkpoints in a cohort of
cutaneous melanoma from TCGA (unpublished data)
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increasing the level of necessary suppression to allow immune rejection of cancer.
In the latter, a more accurate, patient-specific approach may produce better results
sparing the costs and added toxicities of combination therapy.

5.8 Mechanisms of Immune Resistance to Immunotherapy

While the usefulness of CIT may be limited to a low percentage of cancers endowed
with a preexisting immune-active TME, resistance to CIT will affect the large
majority of immune-deserted cancers where the most commonly targeted check-
points are absent. This distinction among the mechanisms leading to resistance to
CIT and more generally IO agents is critical since the modulation of ancillary

Fig. 5.4 Correlation of expression of inhibitory and stimulatory checkpoints in cutaneous
melanoma compared to glioblastoma. Data are presented as correlation indexes (unpublished
observation)
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cellular functions around antigen-specific signaling is completely different in dif-
ferent situations. For instance, modulating T cells suppression by hypoxia [56, 57]
or TAM receptor tyrosine kinases [125, 126] or the ubiquitous serine/threonine
phosphatase protein phosphatase-2A [127] may provide broader effectiveness by
overcoming resistance in silent tumors as these mechanisms are more likely to be
relevant to different immune landscapes [3].

A commonly adapted semantic to categorize lack of responsiveness to CIT (and
more broadly to IO agents) is “primary” versus “secondary” immune resistance.
The former appellation refers to lack of effectiveness of a given therapy at the first
exposure and the latter refers to an acquired resistance stemming from immune
escape mechanisms that determine relapse after an original response. Both of them
are practical, clinically driven definitions that, particularly in the case of primary
immune resistance, could be best sub-categorized according to a more accurate
biological interpretation [3]. We suggest that several reasons may underline “pri-
mary” immune resistance that may be better defined as (a) authentic immune
resistance when the mechanism of action of a given therapeutic does not match the
biology of the targeted entity (such as CIT in immune-deserted tumors) since there
is no reason for the regression of cancer to occur (128); (b) compensatory immune
resistance, when the mechanism of action of a given therapeutic is relevant to the
biology of the targeted TME and yet tumors do not regress. This could be the case
for CIT or metabolic inhibitor therapy failures in an immune-active cancer land-
scape. Compensatory immune resistance is, therefore, most likely to occur in an
immune-active cancer with a dense network of immune checkpoint mechanisms
working in synchrony. In this case, targeting one at the time with monotherapy may
not suffice to induce cancer regression; (c) pseudo-immune resistance, when factors
extrinsic to the biology of individual tumors interfere with a potentially positive
outcome. A good example is variations in the potency of the therapeutic agents
tested. In the case of CIT that utilizes known entities such as well-characterized
monoclonal antibodies, this maybe irrelevant, but in the case of ACT, variability in
product potency may represent a critical extrinsic factor determining clinical out-
come extraneous to the biology of the targeted cancer [129]. Other examples of
pseudo-immune resistance are limiting toxicities and associated immune-
suppressive mechanisms that may not allow a fair assessment of treatment effi-
cacy [76]. In addition, environmental factors such as those affecting the microbiome
[130, 131], or behavioral factors that affect the nutritional status [132], or comor-
bidities, associated therapies, and other hidden anamnestic and epidemiological
factors [133]. All of these factors and the genetic background of the host may affect
the molding of the TME which in turn may modulate the responsiveness of patients
to IO agents [134]. Knowledge of the influence of these factors over the biology of
the TME in the human settings, however, is still in its infancy.

However, with few exceptions, the majority of data regarding tumor–host
interaction in humans has been derived from the analysis of a single tumor lesion,
either a primary tumor or a metastatic site. A recent analysis of 31 colorectal cancer
metastases from two patients over a 11-year-long follow-up has demonstrated that
the tumor evolution is shaped by immunologic pressure [135]. Tumor lesions with
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genetic evidence of immunoediting (i.e., a lower than expected rate of neo-antigens)
display a Th1/cytotoxic functional polarization. However, tumor clones that are
immune-edited tend to be eliminated while progressive clones are immune privi-
leged [135]. Studying the dynamic of tumor evolution in the context of parallel
clonal expansion under immune selection might help to refine prognostic and
predictive algorithms that take into account the “immunogenicity” of different
tumor clones within and across different lesions. By applying reductionist
approaches, the comparative analyses of multiple tumor sites corrected for clonal
prevalence may lead to the identification of an aggregate “onco-immunogenomic
score” that displays the lowest heterogeneity across metastases of the same indi-
vidual. Since the sampling of every metastasis is unfeasible in the clinical setting,
the definition of a relatively stable (i.e., relatively homogenous) multi-omics analyte
might be used to better infer, from a single lesion, the chance to respond to therapy
and/or to relapse.

5.9 How to Overcome Cancer-Specific Immune
Resistance?

The big hurdle in IO development is addressing specifically the biology of indi-
vidual cancers to prevent different types of immune resistance that are
pre-determined and avoidable if appropriate selections are applied [136]. A good
example is the recent failure of the large phase 3 trial evaluating the efficacy of the
combined inhibition of IDO and PD1 in advanced melanoma [137]. It could be
argued that a better study design, taking into account a refined understanding of the
biology of the individual cancer targeted, may have produced better results and
“better rationalized compounds and better rationalized trial designs will be
important in the future to accurately gauge medical impact” [137].

In particular, disruption of the lean cancer cell biology of silent cancers should
be considered to switch immune latency into an immunogenic outburst and open a
window of opportunity for IO agents [16]. A good example is the effect on the TME
of MAPK-induced alterations of cancer cell intrinsic and extrinsic pathways during
pathway inhibitor therapy [138].

The focus of this chapter is about immune-active cancers and strategies to
overcome compensatory immune resistance that focused on the expression of
transcriptional signatures associated with immune-regulatory properties [139] such
as other immune checkpoints [116], regulatory T cells [140], IL-23/IL17 axis [141],
myeloid suppressor cells [55], IDO [54, 136, 142], ICD [105], TAM tyrosine kinase
receptors [143], hypoxia [144], cancer-associated fibroblasts [145], and barrier
molecules [59]. Yet, it is likely that several of these mechanisms may overlap in
different TME and a segregation among cancers should not be seen as a static
division but should rather be taken as a starting point to design better clinical trials
with the intent of altering individual cancer biology by combining agents that may
affect ICD and activation of innate mechanisms in silent tumors turning them into
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suitable targets for IO agents. Defining better tools to understand the pharmaco-
dynamics of individual treatments in the context of an evolving and unstable cancer
TME prone to pharmacological and immunological manipulation should be a pri-
mary goal of future clinical trials.
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