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Thesis at a glance

Paper
|

Aims

To investigate the clinical
impact of T cells and NK
cells in relation to B cells
and plasma cells in CRT-
naive EG
adenocarcinoma.

To examine the
expression of PD-L1 and
PD-1in PT and paired LN
metastases in CRT-naive
EG adenocarcinoma,
along with MMR status
and prognosis.

To assess the effect of
NAC on the density and
prognostic impact of B
cells, T cells and PD-L1
expression on paired
biopsies pre-NAC and
resected PT and LN
metastases post-NAC in
EG adenocarcinoma.

To examine the effect of
NAC on the density and
prognostic significance of
TAM subsets in paired
biopsies pre-NAC and PT
and LN metastases post-
NAC in EG
adenocarcinoma.

Methods
Retrospective cohort
Tissue microarrays
Immunohistochemistry
Endpoints: OS, TTR

Retrospective cohort
TCGA

Tissue microarrays
Immunohistochemistry
In situ hybridization
Endpoints: OS, TTR

Retrospective cohort
Tissue microarrays
Immunohistochemistry
Endpoints: OS, TTR
Histopathological
response

Retrospective cohort
Tissue mircoarrays
Immunohistochemistry
Endpoints: OS, TTR
Histopathological
response

Results

High infiltration of T cells
and NK cells were
favorable prognostic
factors, foremost in
combination with high B
cell infiltration.

PD-L1 expression on IC
was higher in LN
metastases compared to
PT, correlated with MMR
deficiency and was an
independent factor of
prolonged survival. PD-
L1 expression on TC
was not prognostic.

CD8* T cells increased
and FoxP3* T cells
decreased after NAC.
High FoxP3* density and
high PD-L1* IC
expression were
beneficial prognostic
factors pre-NAC,
whereas high CD8*
density was an
unbeneficial prognostic
factor. High FoxP3*
density and high PD-L1*
TC exression were
adverse prognostic
factors post-NAC.

CD68*/CD163* TAM
density increased and
MARCO* TAM density
decreased after NAC.
High CD68*/CD163* TN
infiltration was an
unfavorable prognostic
factor pre-NAC. High
total and high TN
infiltration of
CD68*/CD163° TAM
were adverse prognostic
factors post-NAC.

Conclusions

These findings
support that the
antitumoral effects of
T cells may be largely
dependent on a
functional interplay
with B cells.

The prognostic value
of PD-L1 expression
is only attributed to its
expression on IC. The
heterogeneity of PD-
L1 expression is also
highlighted.

NAC may have the
ability to alter the
density, prognostic
impact and possibly
even the functional
competence of certain
IC subsets.

NAC may have the
ability to alter the
density of certain TAM
subsets along with
their functional
competence and,
thus, their prognostic
value.

Abbreviations: CRT — chemoradiotherapy; EG — esophageal and gastric; OS — overall survival; TTR - time to
recurrence; PT — primary tumors; LN — lymph node; MMR — mismatch repair; TCGA — The Cancer Genome
Atlas; IC — immune cells; TC — tumor cells; NAC — neoadjuvant chemotherapy; TAM — tumor-associated
macrophages; TN — tumor nest
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BCR; B cell receptor
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CTL; Cytotoxic T cells

CTLA-4; Cytotoxic T-lymphocyte-associated protein 4
DIA; Digital image analysis
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EBV; Epstein-Barr virus
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IHC; Immunohistochemistry

IL; Interleukin
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TME; Tumor microenvironment
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TNFa; Tumor necrosis factor a

Tregs; T regulatory T cells

TRG; Tumor regression grading

TRM; Tissue-resident macrophages

TTR; Time to recurrence
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Introduction

Cancer has afflicted us since ancient times and the oldest description descends from
Egyptian manuscripts written between 1500-1600 B.C. (1). Since then, the
prevalence of cancer has increased remarkably. This is due to numerous factors
including growing populations, higher age, increasing risky health behavior and
presence of carcinogens in the environment (1). Moreover, some cancers are linked
to infections and others to heredity. We know today that there are certain rules that
dictate the transformation of normal cells into malignant tumors, so called hallmarks
of cancer, as summarized in two pioneering papers by Hanahan et a/. in 2000 and
2011 (2, 3). The first six hallmarks of cancer comprise the following characteristics;
self-sufficiency in growth signals, insensitivity to antigrowth signals, evasion of
apoptosis, enabling replicative immortality, inducing angiogenesis and activating
tissue invasion and metastasis (2). All these capabilities are acquired during
tumorigenesis and are thought to be shared in all different types of tumors (2).
However, with a growing understanding of cancer, including the insight that not
solely the cancer cell itself, but also its surrounding microenvironment, is of
paramount importance for tumorigenesis, two emerging hallmarks were proposed;
deregulation of cellular metabolism and evasion of immunological destruction, as
well as two enabling characteristics; genomic instability and tumor-promoting
inflammation (3). The biology of cancer is highly complex and significant advances
in research are still needed to improve prognostication as well as treatment
prediction for this versatile disease.

This thesis investigates the prognostic and potential predictive role of the tumor
immune microenvironment in esophageal and gastric adenocarcinoma.
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Background

The immune system in cancer

Cancer is an insidious disease, and the presence of inflammatory immune cells in
the tumor microenvironment (TME) has raised fundamental issues in cancer
research. The elimination and control of malignant cells by the immune system is
referred to as immune surveillance. However, tumor cells can develop several
mechanisms to avoid recognition and destruction, which is referred to as immune
evasion. The interaction between the immune system and cancer is highlighted as
one of the hallmarks of cancer, defined by Hanahan et al., where immune evasion
and tumor promoting inflammation are key features of all cancer types (2, 3). These
hallmarks are illustrated in Figure 1.

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Figure 1.
lllustration of the six hallmark capabilities. Reprinted from Hanahan et al. (3), copyright with permission from Elsevier.

The TME is the microenvironment of the tumor and consists of extracellular matrix,
fibroblasts, endothelial cells, signaling molecules and immune cells. The immune
system, in turn, consists of two distinct compartments; the innate and the adaptive
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immune response. The innate immune response is a rapid, semi-specific, first line
defense against foreign pathogens while the adaptive immunity is characterized by
a high antigen-specificity, diversity and immunological memory (4). Clinical and
experimental studies have demonstrated both innate and adaptive immune cells to
be of great importance in immunoediting, although paradoxical and context
depending (5).

The innate and adaptive immune system

Apart from immune cells, the innate immune system also involves various barriers;
epithelial (e.g. skin, mucosal membranes), as well as chemical (e.g. gastric acid,
saliva). The cellular components comprise mast cells, neutrophils, basophils,
eosinophils, dendritic cells, macrophages, natural killer (NK) cells, innate lymphoid
cells and semi-innate lymphoid cells such as natural killer T (NKT) cells. These
cells have a wide range of skills and contribute to tumor suppression by direct
recognition of deviating molecular patterns on tumor cells. This in turn optimally
leads to elimination of tumor cells and activation of the adaptive immune response.

The adaptive immune system can be divided into the cell-mediated and the humoral
mediated immunity. The former consists of T cells, and the latter of antibodies
produced by the B cells (plasma cells). T cells and B cells are lymphocytes of
various lineages, subtypes, functions and phenotypes. The adaptive immunity is
multifaceted, however the main functions in tumor immunology can be described
as; acquiring antigen specific receptors, recognizing tumor antigens (i.e. aberrant
antigens), specific killing of the antigen expressing tumor cells, producing
antibodies with high specificity for these antigens, and forming immunological
memory.

Tumor-associated macrophages

In 1908, Ilja Metjnikov was one of two Nobel Prize laureates in physiology or
medicine for the discovery of cellular immunology and phagocytosis (6). Metjnikov
was the first to describe macrophages and their ability to engulf and eliminate
cellular components from living and dead host cells (7).

Macrophages that originate from the yolk sac and fetal liver are referred to as tissue-
resident macrophages (TRM). These macrophages are self-maintaining and capable
of local proliferation without help from monocyte-derived macrophages. They can
be long-lived in some tissues such as brain, liver and lung, while in other tissues
they are replaced by monocyte—derived cells. The main task of TRM is to facilitate
tissue homeostasis by e.g. clearing apoptotic cells, responding to pathogens or
toxins, and stimulating activation, proliferation and differentiation of other immune
cells (8-10).
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Bone marrow derived macrophages arise from the mononuclear myeloid lineage.
They circulate the blood as monocytes and differentiate into macrophages in the
tissues. Their primary role is to phagocyte cells and act as antigen presenting cells
(APC), but they are also involved in a wide range of processes including
inflammation, immunosuppression, angiogenesis and tissue repair (11, 12).

Macrophages are considered frontier soldiers of the innate immunity and are highly
important at sites of inflammation where they secrete numerous cytokines such as
tumor necrosis factor o (TNFa), interleukin (IL) 1, IL 6, IL 12 and nitric oxide. The
release of these inflammatory mediators activates the defense against microbes and
aids in killing them. While the effect of this first line defense mechanism is initially
beneficial, it also contributes to major tissue damage, and in order not to become
harmful, macrophages either undergo apoptosis or switch to an anti-inflammatory
phenotype (12). This behavioral variation reflects the dual role of macrophages that
is also evident in the TME.

Tumor-associated macrophages (TAM) are the most abundant immune cell in the
TME, and their functional state depends on the type of activation, resulting in two
extreme subtypes referred to as M1 (classically activated) and M2 (alternatively
activated) (13, 14). The M1 phenotype is associated with antigen presentation,
production of pro-inflammatory cytokines (e.g. interferon-y (IFNy), IL 6, IL 12 and
TNFa, generation of reactive oxygen species and microbicidal and tumoricidal
activity. The M2 phenotype is associated with production of anti-inflammatory
cytokines (e.g. IL 10), remodeling of tissues and upregulation of scavenger
receptors. The tumor-suppressive role of TAM involves recruitment and activation
of cytolytic cells, such as NK cells and cytotoxic T cells while the tumor-promoting
role of TAM includes inhibition of cytotoxic T cells, promoting regulatory T cells
and inducing wound healing mechanisms leading to invasion and angiogenesis (13-
15). It has been suggested that the tumor milieu itself initiates the differentiation of
monocytes towards either tumor-suppressing (M1) or tumor-promoting (M2)
subtypes (16).

A scavenger receptor expressed by some TAM subsets, is the macrophage receptor
with collagenous structure (MARCO). When this receptor is activated, phagocytosis
is mediated (17). The prognostic impact of MARCO' TAM is highly uninvestigated
and with ambiguous results. In hepatocellular carcinoma an adverse association
between decreased intratumoral expression and survival was demonstrated (18).
Contrary, in intestinal-type periampullary carcinoma, high density was an adverse
prognostic factor (19). To the best of our knowledge, only one former study has
examined the prognostic impact in esophageal or gastric (EG) adenocarcinoma, in
a cohort of chemoradiotherapy-naive patients, whereby no association with survival
was identified (20).

Considering the fact that macrophages exist on a broad spectrum and demonstrate a
functional and phenotypic plasticity, the view of TAM as either of the extreme
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subtypes (M1 or M2) is an oversimplification (15).This needs to be kept in mind
when investigating their prognostic role in cancer. However, total TAM infiltration
is in general associated with poor survival in several tumor entities, including
esophageal and gastric (EG) cancer (21-24), but contrasting findings have been
reported in colon cancer (25).

NK/NKT cells

NK cells are lymphocytes that originate from the same lymphoid progenitor as T
cells, B cells and NKT cells. They have both cytokine releasing and cytotoxic
effector functions, however, unlike cytotoxic T cells, they do not have clonally
distributed specificity for antigens or immunological memory (26). The tumoricidal
effect of NK cells can be due to upregulation of ligands for NK cell receptors and/or
loss of major histocompatibility complex (MHC) I on tumor cells (27).

The activation of NK cells is determined following a combination of stimulatory
and inhibitory signals. Activating NK receptors are e.g. NK receptor member D of
the lectin like receptor family (NKG2D) and the cytotoxicity receptor NKp46 (28).
NKG2D ligands are upregulated on stressed cells, such as infected, damaged or
malignant cells, while poorly expressed on normal cells. Inhibiting NK receptors
are activated when encountering MHC I molecules. The expression of MHC I is
lower in tumor cells than in normal cells and the incapacity to present self MHC 1
molecules is referred to as “missing self” and results in NK cell activation (27, 29,
30).

The effector functions of NK cells can be summarized by the release of cytoplasmic
granules containing cell lysing proteins, the expression of tumor necrosis factor
inducing tumor-cell apoptosis, Fas:FasL induced cell death, and the production of
cytokines such as IFN-y which invigorate adaptive immunity (31).

High density of tumor infiltrating NK cells has been shown to be associated with
improved prognosis in many types of cancer, including EG cancer. Contrasting
results have however been reported, depending on which NK marker has been
investigated, as well as the tumor type (32-34). Furthermore, it has been suggested
that the tumor milieu itself can drive the NK cell to an anergic state, hence enabling
the tumor to evade elimination (35).

NKT cells are a subset of lymphocytes that share features of both NK cells and T
cells. This is illustrated by the fact that they express T cell receptors (TCR), T cell
markers (CD3, CD8) as well as NK cell markers (CD56, NKp46, NKG2D). Unlike
T cells, that recognize MHC proteins, or NK cells, that recognize missing self-MHC,
NKT cells recognize lipid antigens presented by CD1d molecules. Upon activation,
NKT cells can eliminate tumor cells by a direct cytotoxic cell-mediated lysis, but
their foremost function is to mediate cytokine release and an immunomodulating
effect, which results in an enhanced B and T cell response (36, 37). The prognostic
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impact of tumor infiltrating NKT cells in EG cancer is largely unexplored, but low
infiltration has been associated with poor survival in gastric cancer (38).

T cells

T cells are characterized by expression of TCR which bind to MHC class I and 11
molecules. MHC class I molecules are displayed by all nucleated cells while MHC
IT molecules are displayed foremost by APC. T cells can be divided into three
different groups depending on their characteristics; T helper cells (CD3'CD4"),
cytotoxic T cells (CD3"CDS8") and T regulatory T cells (CD3"FoxP3"CD4'CD25").

T cells originate from bone marrow lymphocyte progenitors that mature and become
selected in the thymus. Thereafter they migrate to secondary lymphoid organs in
which they are exposed to antigens presented by APC, and become activated.

Three main signals are needed to activate CD4" helper T cells and CD8" cytotoxic
T cells. Signal one is recognition and binding of the T cell receptor to an antigen
held by a MHC molecule on the APC. This initial phase also includes binding of T
cell receptor molecules directly to MHC molecules, thus stabilizing the connection
(39). Step two consists of secondary signals, which for CD4 helper T cells in
particular, but also for CD8 cytotoxic T cells, include binding of CD28 molecules
to either B7.1 (CD80) or B7.2 (CD86) on the APC, leading to a massive clonal T
cell proliferation. In order to regulate this proliferation, regulatory co-receptors like
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) (CD152) are present, which
in turn competes with CD28 for B7 binding and thus promotes a regulation of the
immune response. The third signal in T cell activation is carried out by cytokines
and is necessary for the regulation of T cell differentiation and effector capacities
(40, 41).

The main function of T helper cells is to enhance and direct the function of other
immune cells such as cytotoxic T cells (CTL) and B cells. This indirect promotion
is provided through the secretion of cytokines like IFNy and IL-2, which amplifies
the activation and expansion of CD8" T cells. However IFNy is also provided by
CTLs, NK cells and macrophages (42). Another major way CD4" T cells support
CD8" T cells is by enhancing the ability of dendritic cells to present antigens and
co-stimulatory signals. These features are necessary for the interaction between
dendritic cells and CD8" T cells (43).

Cytotoxic CD8" T cells can be described as guided missiles of the anticancer
immune response, as they eliminate cells by specific recognition of tumor antigens
leading to the effector phase with secretion of cell lytic granzymes and perforin.
CTL also have the capability to secrete cytokines such as IFNy and TNFa (43). As
previously described, CD4" T cells are highly important for the maintenance of the
CD8" T cell response, but they are also important for avoidance of exhaustion (44).
Exhaustion is induced following a consistent exposure of tumor antigens which
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leads to a persistent expression of inhibiting immune-checkpoint molecules such as
programmed death receptor 1 (PD-1). This in turn impairs the effector and
proliferative functions of immune cells, leading to immunosuppression and a failure
in tumor surveillance (44, 45).

Another noteworthy phenomenon in the tumor microenvironment is T cell anergy.
This may develop when the T cell receives a TCR:antigen/MHC signal, but no
sufficient co-stimulatory signals. This results in T cell tolerance for specific
antigens. This mechanism is associated with a reduced IL-2 production (46).

T regulatory T cells (Tregs) are a very immuno-suppressive subset of CD4 helper
cells. The chief feature of Tregs is expression of the transcription factor Forkhead
box P3 (FoxP3), which is critical for their development and effector functions.
FoxP3" Tregs can exert suppression by direct cell contact with APC or effector T
cells, as well as by indirect contact by secreting immune modulating cytokines or
by excessive consumption of IL-2 (47).

While tumor-infiltrating T cells in general, and cytotoxic CD8" T cells in particular,
have been associated with improved prognosis in EG cancer, the role of Tregs is
more ambiguous, but the majority of studies demonstrate an association with poor
prognosis (34, 48-51).

Immune checkpoints

To ensure a valid regulation of the immune response, inhibitory receptors are
expressed on the surface of immune cells (44). These receptors are jointly referred
to as immune checkpoints and include e.g. PD-1 and CTLA-4. PD-1 is expressed
on T cells, B cells, NK cells, NKT cells, activated monocytes and dendritic cells,
but of note it is not expressed on inactive T cells. CTLA-4 is exclusively expressed
on T cells (44, 52).

PD-1 is a type I transmembrane protein that binds to the ligands programmed death
receptor ligand 1 (PD-L1) and programmed death receptor ligand 2 (PD-L2), both
overexpressed on tumor cells and APCs in the tumor microenvironment, and by
doing so, strongly prevents TCR signal transduction and CD28 co-stimulation (39).
The engagement of PD-1 on CD8" T cells also leads to a switch from glycolysis to
fatty acid beta-oxidation, inducing mitochondrial damage and cell death (53).
Immune checkpoint blockade with e.g. antibodies, counteracts the PD-1 signal
transduction, thus enhancing T cell functions (39).

PD-L1, a transmembrane protein belonging to the B7 family, is expressed on tumor
cells as well as B cells, T cells, macrophages, and dendritic cells. An important
stimulus for PD-L1 expression is [IFNy (54, 55). PD-L1 interacts with the receptor
PD-1 as described previously.
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The prognostic value of PD-L1 and PD-1 expression in EG cancer is diverse,
however the latter is less investigated (56-61).

B cells

B cells are lymphocytes that develop in the bone marrow and are crucial for the
adaptive immune response and humoral antibody response (62). Activation of B
cells is caused by the interaction between the B cell receptor (BCR) and antigens in
secondary lymphoid organs, followed by B cell antigen uptake, degradation of the
captured antigen internally, and then presentation of antigen fragments on MHC
class I molecules. This enables an interaction with the antigen specific CD4" TCR
of T helper cells, which is a crucial step in the B cell activation process (linked
recognition) (63, 64). Following this engagement, the interaction also gives rise to
an immunological synapse, sanctioning a bidirectional crosstalk between the B and
T cells (63). Pending this primary response, a subset of rapidly proliferating antigen
specific B cells will form germinal centers (GC) in secondary lymphoid organs,
wherein B cells interact with follicular helper T cells and complete the
differentiation into either antibody producing plasma cells or memory cells (63, 65).
CD20 is considered the main marker of B cells throughout all stages of
differentiation, however, when differentiated into plasma cells, this marker is
downregulated (66). Hence, plasma cells can be assessed separately and are
primarily identified by the marker immunoglobulin kappa C (IGKC.) The spatial
distribution of T cells and B cells in the TME has also attracted a large amount of
interest recently. The formation of so called tertiary lymphoid structures (TLS) are
immunohistochemically identified by colocalization of CD3" (pan-T cell marker)
and CD20" (B cell marker) cells and several studies have established B cells and
TLS to be highly important for the response to immune checkpoint inhibition as
well as improved patient outcome, also in gastric cancer (65, 67-69).

B cells are in general considered positive immune regulators due to their ability to
produce antibodies. However, other additional functions have been discovered such
as regulation and cytokine production. B cells producing IL-10 are referred to as B
regulatory cells (Bregs) and have an immunosuppressive capacity (70). Bregs have
an immature phenotype and lack specific surface immune markers, thus they are
classified based upon their cytokine production (71). Given that B cells, just like T
cells, constitute different subtypes with diverse effector functions, however mostly
unaccounted for, it is not surprising that the prognostic impact of B cells in the TME
can be somewhat ambiguous. In EG adenocarcinoma, however, several studies have
shown a correlation of B cells with favourable prognosis (34, 67, 72).
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Esophageal and gastric
adenocarcinoma

Incidence and epidemiology

EG cancers are together responsible for a considerable amount of cancer cases and
deaths worldwide. In 2020, over 1,7 million cases were reported, together ranking
them as fourth for incidence and second for cancer related mortality globally. EG
cancer incidence rates are approximately twice as high in men compared to women,
and the distribution of these cancers vary greatly (73).

The incidence of esophageal adenocarcinoma has increased swiftly in the
westernized world over the last 30 years, surpassing the previously more common
subtype squamous cell carcinoma (SCC) (74, 75). Globally however, 84% of the
approximately 572000 new cases of esophageal cancer in 2018 were SCCs and 15%
were adenocarcinomas. Eastern Asia and Eastern Africa have the highest incidence
rates of SCC while adenocarcinoma dominates in high-income countries in
Northern Europe, North America and Oceania (76).

In 2018, approximately 1 million new cases of gastric cancer were recorded
globally, with 70% occurring in Asia (76). Gastric cancer can anatomically be
divided into cardia gastric cancer and non-cardia gastric cancer. Non-cardia gastric
cancer exceeds cardia gastric cancer globally, comprising 82% of all cases, with the
highest rates in Asia, followed by areas such as South and Central America. For
cardia gastric cancer, the highest rates are noted in Eastern Asia as well as in parts
of Oceania and Western Asia (76).

The incidence and mortality rates of non-cardia gastric cancer has declined
worldwide over the past one-half century in most populations (77). The falling
incidence is mostly due to the reduction of Helicobacter pylori (H. pylori)
prevalence. It is however notable that absence of H. pylori in the stomach has been
suggested to promote development of esophageal adenocarcinoma by increasing the
concentration of e.g. acids in gastric refluxes, thus damaging the esophageal mucosa
(76).
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Of note, in the aforementioned epidemiological studies, cardia cancer is designated
as gastric cancer, whereas in clinical practice and in recent TNM classifications at
least cardia cancer type I and II (i.e. esophago-gastric junction Siewert type I-11
tumors) are considered to be esophageal cancers. Thus, the incidence and prevalence
rates of these cancer entities are somewhat challenging to map out, given their
heterogeneous classification. Figure 2 demonstrates the global incidence of
esophageal SCC, esophageal adenocarcinoma, cardia gastric cancer and non-cardia
gastric cancer, respectively.
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Figure 2.
Age-standardized incidence rate (ASR, World) per 100,000, both sexes combined, in 2018 for (A) esophageal SCC

(B) esophageal adenocarcinoma, (C) cardia gastric cancer, and (D) non-cardia gastric cancer. Reproduced from
Arnold et al. (76) with permission from BMJ Publishing Group Ltd.
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Etiology

H. pylori is a gram-negative bacterium that colonizes the stomach, induces chronic
inflammation, and was first isolated by Warren and Marshall in 1983 (78). The
chronic inflammation is persistent unless treated and constitutes a major risk factor
for intestinal type gastric cancer due to its overall prevalence, which is a little over
30% in developed countries and approximately 50% in less developed countries. It
is estimated that approximately 89% of non-cardia gastric cancer cases worldwide
is attributable to H. pylori infection (79). Environmental risk factors associated with
gastric cancer is low intake of fruits and vegetables, high intake of salt, pickled food,
smoking and heavy alcohol consumption (80, 81). The Epstein-Barr virus (EBV) is
another known risk pathogen associated with gastric cancer, although much less
common than H. pylori, with an estimated prevalence of 8.7% of all gastric cancer
cases (82). Hereditary syndromes such as familial intestinal gastric cancer,
hereditary diffuse gastric cancer and gastric adenocarcinoma and proximal
polyposis of the stomach encompass approximately 1-3% of all gastric cancers.
Moreover, even though most cases are sporadic, family clustering is observed in
about 10% of cases (83).

A strong risk factor for developing esophageal adenocarcinoma is gastroesophageal
reflux (84), as is increasing body mass index (85), but, contrary to SCC, alcohol
intake is not (86). Furthermore, H. pylori, vegetables and fruits are suggested to be
preventive factors (87, 88). Lower socio-economic status has been identified as a
risk factor for both SCC and adenocarcinoma (89). Tobacco smoking is, in addition
to alcohol consumption, the major risk factor for esophageal SCC. Moreover red,
salted and processed meat has also been addressed as a possible risk factor (90, 91).

Anatomy

Anatomically, the esophagus stretches over 25 centimeters and can be divided into
three different parts. The cervical (upper) part spans from below the hypopharynx
to the thoracic inlet. The thoracic (middle) part spans from the thoracic inlet to the
hiatus and the abdominal (lower) part spans from the hiatus to the esophago-gastric
(EG) junction. The EG junction, in turn, stretches from 5 cm proximally to 5 cm
distally of the anatomical cardia, which is also referred to as the true cardia.
According to the German surgeon Siewert, tumors of the EG junction are further
subdivided into three categories; distal esophageal cancer (Siewert type I), true
cardia cancer (Siewert type 1) and subcardial gastric carcinoma (Siewert type I11)
(92). The Z line is the histological zone in the EG junction where squamous cell
epithelium transitions to gastric mucosa. In this thesis, only adenocarcinomas have
been investigated. The stomach is anatomically divided into three parts; the upper
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part is called the fundus, the middle part the corpus and the distal part the pylorus.
The anatomy of the esophagus and stomach is illustrated in Figure 3.
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Figure 3.
Anatomy of the esophagus and stomach. Reprinted with permission from © Medicalartlibrary.com.

Classification and pathogenesis

Primary esophageal cancer constitutes over 95% of all esophageal malignancies and
rare differential diagnoses are sarcoma, lymphoma and metastases (93). Esophageal
cancer is commonly classified as SCC or adenocarcinoma. SCC develops following
increasing grade of dysplasia and can occur at any level in the esophagus but most
commonly in the middle third, followed by the lower third and the upper third (93,
94).

Adenocarcinomas are primarily located in the distal part of the esophagus including
the EG junction (93). The histological classification of esophageal adenocarcinoma
is sometimes further refined by applying the Laurén classification system, explained
in more detail below (95).
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Approximately 95% of all gastric tumors are adenocarcinomas. The vast majority
of tumors are related to infectious agents while a minority is related to hereditary
causes such as Lynch syndrome. Rare differential diagnoses to gastric
adenocarcinoma are e.g. lymphoma, gastrointestinal stromal tumors (GIST) and
neuroendocrine tumors (96).

Dating back to 1965, gastric adenocarcinoma is histologically subdivided into
intestinal or diffuse type according to the Laurén classification (97). The
pathogenesis differs between the two subtypes in that intestinal-type tumors arise
from gastric atrophy and intestinal metaplasia in combination with environmental
and dietary factors, while the diffuse-type tumors have no evident precursor lesions
(99).

The intestinal type is characterized by cohesive cells which form a gland like
structure. It is associated with chronic inflammation due to H. pylori infection, distal
tumor location, older age and male sex. The diffuse type has no association with
chronic inflammation, but instead a relationship to dysfunctional cell adhesion
leading to populations of non-cohesive scattered tumor cells. It is associated with
female sex, younger age, proximal tumor location and poor prognosis. Intestinal
type is decreasing in incidence while diffuse type is increasing. The increasing
incidence of the former could be a result of shifting proportions of the two
subgroups, however a study from the United States investigated the trend by
analyzing histopathologic data on gastric adenocarcinomas from 1973 through
2000, and concluded the increase to be true, and mainly due to the rise of signet cell
ring type gastric carcinoma, included in the diffuse subgroup (99-102).

It is well known that H. pylori is a risk factor for gastric cancer, however a subset
of gastric cancers is related to another infectious pathogen; the EBV virus. EBV-
positive tumors often occur in the proximal stomach, form ulcers, display dense
lymphocyte infiltration and have also been demonstrated to have a better prognosis
(103). Due to recent advances in the genetic characterization of EG cancer, a new
molecular classification has been developed, wherein EBV-positive tumors
constitute one of the subgroups (104, 105).

The new molecular classification, which includes both esophageal and gastric
cancer, was developed by The Cancer Genome Atlas (TCGA) and is an important
addition to histopathology. Five different subtypes have been identified based on
their specific genetic alterations using different molecular platforms; esophageal
SCC (ESCC), chromosomal instability (CIN), genomically stable (GS),
microsatellite instability (MSI) and EBV (104, 105), as demonstrated by Figure 4.
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Figure 4.
TCGA molecular subtypes and key features of esophageal and gastric cancer. Reprinted from Nature (105) with
permission from Springer under the terms of https://creativecommons.org/licenses/by/4.0/.

Clinical presentation and diagnosis

Symptoms of esophageal and gastric tumors are in general vague and also common
in benign conditions (106). Nevertheless, the most common early symptom of
esophageal cancer is dysphagia, and other less common symptoms are dyspepsia,
reflux, vomiting, weight loss, dyspnea, nausea, bleeding, anemia and pain (106-
108). Regarding gastric cancer, early symptoms are unusual, however any of the
above described symptoms related to esophageal cancer may be present at some
time point (109, 110).

Diagnosing and staging of esophageal and gastric tumors includes upper
gastrointestinal endoscopy with biopsies, computed tomography (CT) of the chest,
abdomen and pelvis, and in some cases also '*F-fluorodeoxyglucose (FDG) positron
emission tomography (PET). In cases where peritoneal carcinomatosis is suspected,
it can be of value to perform a staging laparoscopy (111). Endoscopic ultrasound
may also contribute to the staging procedure by assessing the local infiltration of
primary tumors and local nodal status (108).

All patients should be discussed at a multidisciplinary team meeting to ensure
accurate staging and treatment recommendations.
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Staging

Esophageal and gastric tumors are staged according to the UICC/AJCC TNM
classification. T — category refers to the invasive depth of the primary tumor, N —
category refers to the involvement of lymph node metastasis and M refers to the
presence or absence of distant metastasis (Figure 5). In this thesis, clinical and
histopathological classification of tumor stage was done according to the 7™ edition
of the UICC/AJCC TNM classification, in which EG junction Siewert type I-1II
tumors are classified as esophageal tumors (112), Figure 6. However, as EG junction
Siewert type III tumors are managed as gastric tumors in the clinic, and according
to the new 8" edition of UICC/AJCC TNM classification (113) (Table 1), this
definition was used for the subgroup analyses according to tumor location in paper
I-IV.
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Figure 5.

lllustration of the T, N and M categories in esophageal cancer. In gastric cancer the categories are similar, however
the stomach is surrounded by serosa instead of adventitia. Reprinted from Rice et al. (114) with permission from
Elsevier.
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Figure 6.

The Siewert classification of tumors arising in the EG junction according to TNM 7 and TNM 8, respectively. Reprinted
from Surgical Clinics, Mazer et al. (115) with permission from Elsevier.
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Table 1.

TNM classification 8th edition.

Esophageal (and EG junction Siewert type I-ll) cancer

TX
T0
Tis
T
T1a
T1b
T2
T3
T4
T4a
T4b
Nx
NO
N1
N2
N3
Mo
M1

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ / high-grade dysplasia

Tumor invades lamina propria, muscularis mucosae, or submucosa
Tumor invades lamina propria or muscularis mucosae

Tumor invades submocosa

Tumor invades muscularis propria

Tumor invades adventitia

Tumor invades adjacent structures

Tumor invades pleura, pericardium, azygos vein, diaphragm or peritoneum
Tumor invades other adjacent structures such as aorta, vertebral body or trachea
Regional lymph nodes cannot be assessed

No regional lymph node metastais

Metastasis in 1 or 2 regional lymph nodes

Metastasis in 3 to 6 regional lymph nodes

Metastasis in =2 7 regional lymph nodes

No distant metastasis

Distant metastasis

Gastric (and EG junction Siewert type Ill) cancer

TX
T0
Tis
T
T1a
T1b
T2
T3
T4
T4a
T4b

Nx
NO
N1
N2
N3
Mo
M1

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria, high-grade dysplasia
Tumor invades lamina propria, muscularis mucosae, or submucosa

Tumor invades lamina propria or muscularis mucosae

Tumor invades submocosa

Tumor invades muscularis propria

Tumor invades subserosa

Tumor perforates serosa (visceral peritoenum) or invades adjacent structures

Tumor perforates serosa

Tumor invades adjacent structures (spleen, transverse colon, liver, diaphragm, pancreas, abdominal
wall, adrenal gland, kidney, small intestine, or retroperitoneum)

Regional lymph nodes cannot be assessed
No regional lymph node metastais
Metastasis in 1 or 2 regional lymph nodes
Metastasis in 3 to 6 regional lymph nodes
Metastasis in = 7 regional lymph nodes

No distant metastasis

Distant metastasis
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Treatment of localized disease

Gastric and esophageal cancer

Initially, both esophageal and gastric cancer were treated with surgery alone.
However, in 2001 the randomized INT 0116 study was published, demonstrating a
prolonged overall survival (OS) in patients resected for gastric cancer and EG
junction adenocarcinoma who in addition to surgery received adjuvant
chemoradiotherapy (CRT) (fluorouracil + 45 Gy). This American study concluded
that adjuvant CRT should be considered for patients with high risk of recurrence,
and the treatment strategy was implemented in the United States, although in Europe
the study was criticized for the limited lymph node dissection performed. Of the
included patients, the majority (54%) had undergone DO dissection (i.e. incomplete
dissection of perigastric lymph nodes) and solely 10% had undergone a formal D2
dissection (i.e. resection of perigastric lymph nodes and additional removal of nodes
along the left gastric, the common hepatic, the splenic and the left hepatoduodenal
artery) (116).

In 2006, the UK MAGIC trial was published, wherein patients resected for
adenocarcinoma in the stomach, EG junction or distal esophagus were randomized
to perioperative ECF (epirubicin, cisplatin and fluorouracil) or surgery alone. The
results showed a 5-year OS benefit of 36% vs 23% for the perioperative subgroup,
leading to a rapid implementation of perioperative treatment also in many European
countries. Although, in Sweden the chemotherapy triplet regimen was modified to
EOX (epirubicin, oxaliplatin and capecitabine), due to a more convenient
administration setup and the fact that the REAL2 study published 2008 showed the
EOX triplet to be superior to ECF in the metastatic setting (117).

Today, the most commonly used perioperative chemotherapy combination for
gastric and EG junction adenocarcinoma is FLOT (fluorouracil, leucovorin,
oxaliplatin and docetaxel). This is based on a German randomized trial presented in
2017, comparing the FLOT regimen to an ECF/ECX regimen. The results showed
a 5-year OS survival benefit of 45% vs 36% in favor of FLOT (118).

However, only 15-20% of the patients benefit from the addition of chemotherapy to
surgery alone (118-120) and, additionally, solely half of the patients are able to
complete the postoperative component in a perioperative treatment setting (118,
119). Considering the fact that preoperative treatment is more tolerable than
postoperative treatment, the Australian trial TOP GEAR is investigating whether
preoperative chemoradiotherapy 1is superior to chemotherapy in gastric
adenocarcinoma (including EG junction tumors Siewert type I and II). The study is
still ongoing, however an interim analysis has demonstrated preoperative
chemoradiotherapy to be equally safe and feasible compared to chemotherapy,
without any additional adverse effect on surgical morbidity (121).
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The optimal adjuvant treatment has also been investigated in the Dutch CRITICS
trial wherein patients with gastric or EG junction adenocarcinoma were randomized
to either adjuvant chemoradiotherapy or chemotherapy, preceded by neoadjuvant
chemotherapy (NAC) and surgery for both subgroups. The trial was published in
2018 and showed no significant difference in 5-year OS for either subgroup (122).
However, in a post-hoc analysis published in 2021, including only the patients
proceeding to adjuvant treatment, the adjuvant chemotherapy group had a better 5-
year OS (123).

Of note, there is a variability in treatment approach for locally advanced gastric
cancer in Asia compared to the Western world. In Asia, surgery up-front followed
by adjuvant chemotherapy is considered the standard treatment course. Two of the
studies supporting this approach for gastric cancer is the Asian CLASSIC trial
(capecitabine and oxaliplatin vs surgery alone) and the ACTS trial (S1;
tegafur/gimeracil/oteracil vs surgery alone), both demonstrating adjuvant
chemotherapy to be superior (124, 125). Furthermore, the JACCRO GC-07 study
demonstrated a significantly better 3-year relapse-free survival when intensifying
the adjuvant treatment by adding docetaxel to S1(126). In Western populations,
there are no larger studies comparing the efficacy of adjuvant vs perioperative
chemotherapy, however a meta-analysis including smaller trials have provided
some supporting evidence for adjuvant chemotherapy being superior to surgery
alone (127).

For patients with locally advanced esophageal cancer, the randomized Dutch
CROSS trial, published in 2012, has been pivotal (128). The CROSS study showed
a significantly better OS for neoadjuvant CRT (paclitaxel, carboplatin + 41.4 Gy)
compared to surgery alone, hence CRT was introduced as the new standard
treatment. The patients included in the CROSS trial had tumors located either in the
esophagus or in the EG junction, of which 75% were adenocarcinomas and 23%
were SCC (128). The long term results demonstrated a 5-year OS benefit of 47% vs
33% for the CRT treated group, however the SCC subgroup had the greatest benefit
(129).

Whether adenocarcinomas in the esophagus are best treated with neoadjuvant CRT
or chemotherapy only is still unresolved. The Neo-AEGIS trial investigated
neoadjuvant chemoradiotherapy according to CROSS vs perioperative
chemotherapy according to modified MAGIC or FLOT for esophageal and EG
junction adenocarcinomas, however the trial was closed early since no evidence of
the former being superior to the latter could be identified (130). There are further
ongoing trials but no results are to date published (131, 132). Studies supporting
treatment with chemotherapy are e.g. the aforementioned MAGIC and FLOT4
studies, since distal esophageal tumors and EG junction tumors were included in
those trials (118, 119). This was also the case for the French FFCD-9703 trial on
resectable EG adenocarcinoma, wherein 75% of the included patients had tumors
located in the distal esophagus or in the EG junction. This study demonstrated
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perioperative chemotherapy (cisplatine and fluorouracil) to be superior to surgery
alone (120).

Lastly, definitive chemoradiotherapy (i.e. radiotherapy to a higher dose and no
planned surgical treatment) is another treatment option for esophageal cancer,
however furthermost for SCC, and, hence, this will not be further discussed in this
thesis.

In conclusion, the current European treatment recommendations for fit patients with
locally advanced esophageal adenocarcinoma is perioperative chemotherapy using
the FLOT regimen or neoadjuvant chemoradiotherapy according to the CROSS
protocol. For esophageal SCC, chemoradiotherapy is recommended either
neoadjuvantly or as definitive treatment. For gastric cancer, the standard treatment
is perioperative chemotherapy using the FLOT regimen.

Prognostic and predictive factors

To enable personalized treatment of patients there is a great need to identify
prognostic as well as predictive factors. According to a meta-analysis by van den
Ende et al., based on curative randomized clinical trials, 16 prognostic factors were
identified for esophageal cancer and 23 for gastric cancer, e.g. age, resection
radicality, TNM categories, differentiation grade, nutritional status and
comorbidities (133). In the clinic today, TNM classification is the most important
tool available for prognostication (133). An improvement of note is the current 8th
TNM edition, wherein separate classifications for cTNM, pTNM and ypTNM have
been implemented, the latter referring to pathological -classification after
neoadjuvant treatment with chemotherapy or chemoradiotherapy. According to
results from the previously mentioned MAGIC trial, histopathologic response was
beneficial for prognosis in the pretreated subgroup, however not independently of
nodal status, which was the only independent predictor of improved OS (119).
Furthermore, in a pooled international analysis of gastric cancer, EBV-positivity is
suggested as a beneficial prognostic factor for gastric cancer (134) and moreover
proposed to have a more likely response to immune checkpoint inhibition (135,
136).

As aforementioned, solely 15-20% of patients receiving perioperative
chemotherapy actually benefit from this additional treatment (118-120).
Unfortunately, there are to date no markers to single out which patients to treat.
However, a post-hoc analysis of the MAGIC study demonstrated that patients with
MSI-High (MSI-H)/deficient mismatch repair (AIMMR) tumors had significantly
worse survival than patients with microsatellite stable (MSS)/proficient mismatch
repair (pMMR) tumors when treated with chemotherapy in addition to surgery, thus
suggesting perioperative chemotherapy to be unbeneficial for patients with MSI-
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H/dMMR tumors (137). Furthermore, in a post-hoc analysis of the CLASSIC trial,
no significant benefit was identified for patients with MSI-H tumors when treated
with adjuvant chemotherapy compared to surgery alone, whereas patients with MSS
tumors had a significant better disease-free survival when treated with adjuvant
chemotherapy. In addition, when stratifying the MSS group into PD-L1 positive and
PD-L1 negative tumors, only the group with MSS and PD-L1 immune cell (PD-
L1ic) negativity had better prognosis when treated with chemotherapy. In the entire
cohort, regardless of adjuvant treatment, both MSI-H tumors and PD-L 1 ;¢ positivity
were independent prognostic factors of prolonged survival, furthermore, MSI-H was
related to a favorable prognosis regardless of PD-L1;c positivity. Based on these
results, the authors suggest that patients with MSS and PD-L1c negative gastric
tumors should be treated with adjuvant chemotherapy, while patients with MSI-H
tumors, regardless of PD-L1 expression, should be spared from additional treatment
(138).

Another study demonstrated stage 111 gastric cancer patients with AMMR tumors to
have a better prognosis than patients with pMMR tumors, regardless of treatment
with adjuvant chemotherapy (139). Moreover, a study on early gastric cancer could
not find any association with MSI status and survival (140).

Taken together, MSI or AIMMR gastric tumors have been proposed to be insensitive
to chemotherapy, and furthermore indicative of a good prognosis. However, given
the low incidence of MSI tumors in gastric (8-10%) and esophageal (5%)
adenocarcinomas, the number of analyzed cases are few, and the debate regarding
the benefit of perioperative treatment for this patient group is still ongoing (141,
142). In Sweden, however, the forthcoming national guidelines will recommend up-
front analysis of MSI/MMR status for gastric adenocarcinomas, and for patients
with MSI-H/dMMR tumors, surgery only should be considered.

A predictive biomarker in routine use is human epidermal growth factor receptor 2
(HER?2), that predicts the benefit of HER2 targeted therapies in the palliative setting
(143). Furthermore, MMR/MSI status and PD-L1 expression are to some extent
used to identify patients more likely to respond to immune checkpoint inhibition
(144).

The prognostic role of tumor infiltrating immune cells has, as previously mentioned,
been investigated in several studies, but their predictive role is less studied. Jiang et
al. did however conclude that immune cell signatures may be an important tool for
prediction to adjuvant chemotherapy in gastric cancer (145).
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Targeted therapies

A targeted therapy aims at blocking specific mechanisms in the tumor cell to prevent
growth and spread of the disease. The first therapy to be approved for patients with
HER?2 positive gastric or EG junction adenocarcinoma was the monoclonal antibody
trastuzumab. The approval was based on the ToGA trial wherein addition of
trastuzumab to fluoropyrimidine and cisplatin as first line palliative treatment
increased OS with several months, especially for patients with tumors showing high
HER2 expression (i.e. immunohistochemistry (IHC) 2+ and flouresence in situ
hybridization (FISH) positive or IHC 3+) (143). Moreover, the benefit of anti-HER2
therapies (pertuzumab and trastuzumab) in addition to perioperative chemotherapy
in gastric and EG junction adenocarcinoma is under present investigation in the yet
unpublished EORTC1203 INNOVATION study (146). However, in the randomized
phase 2 PETRARCA study on HER2 positive resectable EG adenocarcinoma the
addition of trastuzumab and pertuzumab to perioperative FLOT improved the rate
of complete histopathologic response but with no significant difference in disease-
free survival and at the price of higher toxicity (147).

Furthermore, an Asian randomized phase 2 study has shown the antibody drug
conjugate trastuzumab deruxtecan (cytotoxic topoisomerase I inhibitor), given in
the third line or later, to significantly improve response and OS compared to
chemotherapy alone in gastric and EG junction adenocarcinoma (148). The therapy
was approved by the Food and Drug Administration (FDA) in January 2021 for
patients with locally advanced or metastatic gastric or EG junction adenocarcinoma
priorly treated with a trastuzumab-based regimen (149).

The second targeted therapy to be approved for gastric and EG junction
adenocarcinomas was ramucirumab, a monoclonal antibody targeting the vascular
endothelial growth factor receptor 2 (VEGFR2). This therapy has been shown to
render an increased median OS of 2.2 months when added to paclitaxel compared
to paclitaxel alone in the second line (150). Ramucirumab has also been shown to
be efficient as monotherapy after progression on first line therapy compared to
placebo (151).

Immune checkpoint inhibitors

Ipilimumab, a monoclonal antibody targeting CTLA-4, was the first immune
checkpoint inhibitor (ICI) to be approved by the FDA in 2011 for treatment of
metastatic melanoma. Since then, significant progress has been made, and as of
December 2020, six other different ICIs have been approved across 20 different
tumor entities and two tissue agnostic conditions (MSI/dMMR tumors and tumor
mutational burden high cancers) (144, 152). Notably, despite the rapid expansion of
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immune checkpoint inhibition in general, the approvals for EG cancer have been
limited, especially in earlier lines of therapy (153, 154), and treatment with ICI has
only recently been sanctioned as a treatment option for EG adenocarcinoma in
Europe. The latest approvals will be highlighted in the following section.

In 2021, the PD-1 inhibitor nivolumab was FDA and European Medicines Agency
(EMA) approved in the first line setting, combined with chemotherapy
(fluoropyrimidine and platinum), for patients with unresectable gastric, EG junction
or esophageal adenocarcinoma (HER2 negative) with a PD-L1 combined positive
score (CPS) > 5. The CPS is the total number of PD-L1 stained tumor cells,
lymphocytes and macrophages divided by the total number of viable tumor cells,
multiplied by 100. The approval is based on the global CheckMate-649 trial (155)
wherein patients were randomized to either nivolumab and chemotherapy
(fluoropyrimidine and oxaliplatin) or nivolumab and ipilimumab or chemotherapy
alone, regardless of PD-L1 expression. The primary endpoint was OS and
progression free survival for patients with a PD-L1 CPS > 5. The nivolumab plus
ipilimumab arm was closed early due to futility. The results showed nivolumab in
combination with chemotherapy to be superior to chemotherapy alone (median OS
was 14.4 months in the nivolumab-containing arm and 11.1 months in the
chemotherapy arm) (155).

Moreover, as a result of the KEYNOTE-590 trial (156), the PD-1 inhibitor
pembrolizumab was FDA and EMA approved (also in Sweden) in 2021 in
combination with chemotherapy (fluoropyrimidine and platinum) as first line
treatment for patients with locally advanced unresectable, or metastatic esophageal
carcinoma, or HER2-negative EG junction (Siewert type I) adenocarcinoma, with
PD-L1 positivity (CPS > 10).

Lastly, in 2021, as a result of the CheckMate-577 trial (157), the PD-1 inhibitor
nivolumab was FDA and EMA approved, regardless of PD-L1 status, as adjuvant
treatment for patients with radically resected esophageal or EG junction cancer after
neoadjuvant chemoradiotherapy without complete histopathological response in the
resected primary tumor specimen (157).

There are several ongoing trials in EG adenocarcinoma investigating ICI as
monotherapy or in combinations with chemotherapy, targeted therapies or doublet
ICI, in the perioperative, adjuvant as well as palliative setting (153, 158, 159).
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Aims of the thesis

Overarching aim

The overarching aim of this thesis was to map the tumor immune microenvironment
and identify immune markers that might improve prognostication and response
prediction in EG adenocarcinoma.

Specific aims
e To examine the intercorrelation and prognostic impact of different immune
markers in chemoradiotherapy-naive tumors.

e To examine the density and intercorrelations of different immune markers
in diagnostic biopsy specimens before NAC and in resected primary tumor
specimens after NAC.

e To examine the relationship of different immune markers in diagnostic
biopsy specimens before NAC with histopathological response.

e To examine the potential effect of NAC on the prognostic value of different
immune markers.

38



Methods and patients

Tissue microarray and immunohistochemistry

Principles

Tissue microarray (TMA) is a high-throughput technique for analyzing protein
expression in tissues. This method was introduced in 1998 by Kononen et al. (160)
and enables rapid analysis across many tumor samples simultaneously. Moreover,
this technique solely needs a fraction of antibody and tissue material compared to
analysis of full-face tissue sections, thus conserving both reagents and valuable
tissue material (161). As illustrated in Figure 7, TMAs are constructed by arraying
representative cylindrical core biopsies (0.6-2 millimeters in diameter) from
formalin fixed paraffin embedded (FFPE) donor blocks into a recipient paraffin
block. The recipient block is then sliced into thin (in general 4 um) sections that are
mounted on microscope glass slides, allowing for detection of proteins by IHC, or
of DNA or mRNA by in situ hybridization (160).
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Figure 7.

Construction of a tissue microarray. Cylindrical tissue core biopsies are collected from donor blocks, arrayed into a
recipient block, sliced into thin sections and mounted on a microscope glass slide. Reprinted courtesy of Dr Gustav
Andersson.

The widely used IHC technique was conceptualized and introduced by Albert H.
Coons and colleagues in the 1940s. IHC enables visualization (both expression and
location) of proteins or other molecules in tissue samples by the use of antibodies
(162). The technique has since then been further developed, and in the 1960s
Nakane et al. introduced enzyme conjugated antibodies, thereby making detection
in a light microscope possible (163). When tumor tissue has been retrieved through
biopsy or resection it promptly needs to be fixated in order to prevent autolysis. The
most commonly used agent for this purpose is formalin (164). Formalin binds to
proteins and crosslinks them to methylene bridges, thereby stabilizing the tissue.
The formalin fixed tissue is then dehydrated and embedded in paraffin resulting in
FFPE blocks. The sequence of slide preparation is then usually as follows; The
formalin fixed tissue sample is pretreated with heat and an antigen retrieval solution
with the aim to break the crosslinks formed by the formalin fixation. After this, a
primary antibody solution is applied to the glass slide which reacts with the tissue
antigen through binding to an epitope. The last step is to add a secondary antibody
labeled with an enzyme, e.g. peroxidase, which enables detection in a light
microscope.
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Antibodies can either be monoclonal or polyclonal. Polyclonal antibodies have a
higher detection sensitivity due to their ability to recognize multiple epitopes of the
same antigen, while monoclonal antibodies have a higher specificity since they are
developed to only recognize one antigen epitope (164). To ensure accurate results,
antibodies need to be validated both regarding their specificity and sensitivity (164).

Methodological considerations

The issue of tumor heterogeneity may be a possible concern when utilizing the TMA
technique. Hence, to reduce the risk of sampling bias, it is recommended to obtain
multiple tissue cores from different sites of each tumor, i.e. central as well as
peripheral areas, and when possible also from different tumor blocks from the same
patient (161). This has been done whenever feasible for the TMAs utilized in the
papers included in the present thesis. Furthermore, the TMA technique has been
demonstrated to provide equal prognostic information as compared to full-face
tissue sections (161). Besides tumor heterogeneity there is also the risk of reaction
bias (e.g. tissue processing and antigen retrieval) and interpretation bias (e.g. types
and clones of antibodies utilized, inter- and intra-observer variability) (164). To
reduce these risks, the same experienced research engineer has constructed all
TMAs and performed the majority of stainings for all papers (I-IV) included in the
present thesis. Furthermore, all manual assessments have been carried out by two
independent observers, one of whom was the same board-certified pathologist (KJ).
Regarding the issue of immune marker heterogeneity there are some studies
demonstrating PD-L1 and PD-1 expression in TMAs to be quite comparable to full-
face tissue sections (165, 166). Furthermore, the papers in the present thesis
investigating PD-L1 expression utilized a platform-independent clone shown to be
comparable to 3 of the FDA approved clones used in the clinic (167). Moreover, a
study on gastric cancer, utilizing the same antibody clone, investigated the
representability of PD-L1 expression on surface biopsies compared to the
expression in whole surgical resection specimens in chemoradiotherapy-naive
tumors. This study concluded that the accuracy of assessment of PD-L1 status is
equal in endoscopic biopsies and resected tumor specimens, provided that the mean
value of at least 4 biopsy samples are assessed. Of note, using fewer biopsies
resulted in false-negative results (168).
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Manual and digital assessment

Principles

The assessment of staining can be done either manually or digitally. In this thesis,
digital image analysis (DIA) was used to quantify CD3" and CD8" T cells in paper
I, whereas the remaining immune marker quantifications were assessed manually.

Manual assessment

Classical manual assessment is a quantitative or semi-quantitative method to
estimate staining positivity regarding intensity and/or percentage. Manual
assessment comes with some limitations, foremost there is an inter- and intra-
observer variation. It can also be challenging to truly quantify a large number of
cells. To resolve these issues, and to reduce hands-on time, DIA was developed.

Digital image analysis

The sequence of digital image analysis can be described as follows; The TMA glass
slide is scanned in high resolution. Thereafter the image is manually pre-processed
by excluding necrotic areas and inadequate cores. An algorithm is then applied with
the aim to optimize the quantification of the investigated biomarker. The algorithm
takes several factors into account such as staining intensity, threshold and
morphology. Although DIA can reduce the intra- and inter-observer variation seen
in manual scoring (169, 170), there are other limitations to this method. For
example, indistinct cell borders can make it difficult for the DIA to separate and
count cells accurately (171), and a variety in the quality as well as intensity of
staining can also pose a challenge given that DIA is based on a static algorithm.

Methodological considerations

Although DIA was partly developed to reduce hands-on time, it was quite time-
consuming to quantify CD3" and CD8" T cells in paper I, and there is still an element
of inter- and intra-observer variability. In addition, manual assessment is still the
most commonly used technique in the clinic when assessing immune cells, even if
digitalization is on the rise. In light of these facts, manual assessment was favored
over digital analysis when scoring the majority of immune markers included in the
present thesis.
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Assessment of immune markers

Principles

The evaluation of immune markers has been described in the material and methods
section in all papers included in the present thesis. In Table 2, an overview of the
cellular localization of the investigated immune markers is presented. Figure §,
illustrates IHC images of different TAM subsets as well as their infiltration into
tumor nests (TN).

Table 2.

Immune marker Cellular localization

CD3 Membrane, cytoplasm

CcD8 Membrane

FoxP3 Nucleus

CD20 Predominately cell membrane with some cytoplasmic
staining

IGKC Membrane

NKp46 Membrane

CD68 Cytoplasm

CcD163 Membrane

MARCO Membrane

PD-L1 Membrane, cytoplasm

PD-1 Membrane

Methodological considerations

Given the general lack of a uniform standard for assessing and scoring immune
markers, as well as the advancements in identifying certain immune cell subsets,
some methodological features should be highlighted.

Macrophages

When reviewing the literature, the most commonly used marker to estimate total
TAM infiltration is CD68, and CD163 is an established M2 marker (23, 172). A
study by Jeremiasen et al. (20) investigated the prognostic impact of macrophages
in cohort I, and when doing so, single IHC was performed with CD68 and CD163,
respectively, allowing for the total TAM infiltration to be assessed as well as the
CD163" TAM infiltration. However, as an improvement of the immune cell
identification method in paper IV (based on cohort II), double staining with CD68
and CD163 was applied, as shown in Figure 8, with the intention to better distinguish
both of the extreme TAM phenotypes (M1 and M2). This is an illustration of
methodological evolution, enabling more precise assessments and specific results.
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Figure 8.
Sample IHC image of a double staining. CD68*/CD163" TAM are indicated by dashed arrows and CD68*/CD163* TAM
are indicated by solid arrows.

NK and NKT cells

In paper I, NKp46 was utilized as a marker to identify NK cells. NKp46 is a strictly
NK specific marker, present in both active and resting cells (173). However, as
discussed previously, NKT cells also express the receptor, and, hence, no
differentiation could be made between these two immune cells in paper I. To
improve the assessment of NK and NKT cells, respectively, double staining with
CD3 and CD56 was performed on the pre-treatment biopsies and post-treatment
surgical specimens included in cohort II. As CD3 (pan T cell marker) is not
expressed on NK cells but solely on T cells and NKT cells, CD56"/CD3" immune
cells were considered NK cells and CD56/CD3" immune cells were considered
NKT cells. Unfortunately, due to an insufficient amount of tissue in many of the
pre-treatment biopsies, the analyses of NK and NKT cells were not included in paper
V.

PD-L1

The scoring of PD-L1 is of high relevance today considering the rapid
implementation of ICI and the use of PD-L1 as a predictive biomarker for both anti-
PD-1 and anti-PD-L1 therapies (168). The heterogeneous expression of PD-L1 has
been discussed previously, but the scoring system and cut-off values deserve some
additional attention. In paper II, the expression of PD-L1" immune cells and tumor
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cells, respectively, was denoted in categories of; <10%, 10-49%, 50-100% for PD-
L1ic and <1%, 1-4%, 5-9%, 10-49%, 50-100% for PD-L1" tumor cells (PD-L11c),
according to a previous study (165). In paper III a continuous score was applied. In
both papers, immune cells and tumor cells were annotated separately. Notably, there
are different definitions of positive/high vs negative/low PD-L1 cutoffs when
reviewing the literature regarding the prognostic value of PD-L1, as is the case for
PD-11c expression, hence making comparisons between studies somewhat difficult.
However, most importantly, in clinical trials investigating the predictive value of
PD-L1, the CPS is used. The CPS score is divided into different cut-off values, such
as 1,5,10. In general, a higher cutoff value reduces the rates of positive cases but
increases the likelihood of clinical benefit from immune checkpoint inhibition
(168).

Histopathological response

In paper III and IV in the present thesis, histopathological response following
neoadjuvant chemotherapy was evaluated in the resected primary tumors. There are
different pathological tumor regression grading (TRG) systems in use, however all
are based on two main concepts. Either the amount (percentage) of residual tumor
cells is estimated, or the relation between residual tumor and regressive fibrosis
(descriptive) (174). In the present thesis, the former concept was applied in terms of
the TRG system described by Chirieac (175), wherein the histopathological
response is divided into four groups, as illustrated in Figure 9.
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Figure 9.

lllustrattion of the TRG system according to Chirieac; (A) No residual carcinoma, (B) 1-10% residual carcinoma, (C)
11-50% residual carcinoma, (D) Greater than 50% residual carcinoma. Reprinted from Chierieac et al. (175) with
permission from Wiley.

The Cancer Genome Atlas

TCGA is a project with the aim to catalogue and reveal genome alterations related
to cancer through large-scale genome sequencing and multi-dimensional analyses.
Initially, the project covered only selected tumors with poor prognosis (brain, lung
and ovarian cancer), but since 2009 a total of 30 different tumor types has been
added and analyzed, including EG cancer (176). The data are publicly available to
support improvement of both the diagnostics, treatment and the prevention of
cancer, and TCGA cooperates with institutions both in the USA and Europe. For the
second paper included in this thesis, data from TCGA was utilized to investigate the
prognostic value of PD-L1 and PD-1 at the transcript level (mRNA).
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Patients

Cohort I

This study cohort encompasses a consecutive series of 174 patients, all diagnosed
with esophageal or gastric adenocarcinoma. All patients were subjected to surgical
resection at Skane University Hospital, Sweden, between January 1, 2006 and
December 31, 2010. No patients received neoadjuvant or perioperative oncological
treatment, and solely 13 (7,5%) received adjuvant treatment. Data on survival and
recurrence reach until march 2016. Of note, three patients with known cM1 disease
were resected with a palliative intent to reduce symptoms (such as bleeding).
Furthermore, in 16 patients, M1 disease (such as carcinomatosis or paraaortic lymph
node metastases) was revealed either during surgery or in the resected specimens.
A summary of the clinical characteristics is presented in Table 3.

Cohort I1

This study cohort encompasses a consecutive series of 148 patients, diagnosed with
esophageal or gastric adenocarcinoma. All patients received NAC and 78 (66.7%)
received adjuvant chemotherapy at Skane University Hospital Sweden. NAC started
between January 1, 2008 and December 31, 2014. After NAC, 118 patients
underwent surgical resection. Data on survival status and recurrence reach until
December 31, 2017. A summary of the clinical characteristics is presented in Table
4.
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Table 3.
Patient and tumor characteristics of all 174 patients included in cohort I.

Factor Entire cohort n (%) * (nb)
Age (years)

Mean 70.2
Median 70.0
Range 42.6-94.4
Sex

Female 39 (22.4)
Male 135 (77.6)
Location

Esophagus 99 (56.9)
Stomach 75 (43.1)
cT stage

T1 9(5.2)

T2 81 (46.6)
T3 83 (47.7)
Missing data 1(0.6)

cN stage

N1 117 (67.2)
N2 42 (24.1)
N3 14 (8.0)
Missing data 1(0.6)
cM stage * Paraaortic lymph node metastasis (3),
M 167 (96.0) skeletal metastasis (2), subcutaneous
M1* 6 (3.4) metastasis (1)
Missing data 1(0.6)

pT stage

T1 19 (10.9)
T2 32 (18.4)
T3 96 (55.2)
T4 27 (15.5)
pN stage

NO 59 (33.9)
N1 30 (17.2)
N2 41 (23.6)
N3 44 (25.3)
pM stage

MO 155 (89.1)
M1 19 (10.9)
R classification

RO 119 (68.4)
R1 46 (26.4)
R2 9(5.2)
Differentiation grade

Low grade 8 (4.6)
Intermediate grade 53 (30.5)
High grade 113 (64.9)
Lauren classification

Intestinal 120 (69.0)
Mixed 9(5.2)
Diffuse 45 (25.9)
Adjuvant treatment

No 161 (92.5)
Chemoradiotherapy 11 (6.3)
Chemotherapy 1(0.6)
Radiotherapy 1(0.6)
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TTR (years)

Mean

Median

Range

OS (years)

Mean

Median

Range

Recurrence status
No

Yes

Unknown/Not applicable
Vital status

Alive

Dead

Table 4.

3.0
1.6
0.1-9.3

3.4
24
0.1-9.3

67 (38.5)
81(46.6)
26 (14.9)

47 (27.0)
127 (73.0)

Patient and tumor characteristics of all 148 patients included in cohort II.

Factor
Age (years)
Mean
Median
Range
Sex
Female
Male
Location
Esophagus
Stomach
cT stage
T1

T2

T3

T4

cN stage
NO

N1

N2

N3

cM stage

MO

M1*

Neoadjuvant treatment
Chemotherapy
Fluoropyrimidine+platinum = 8 weeks,
no irinotecan

Resection

Yes

No*

Adjuvant treatment

Chemotherapy
Fluoropyrimidine+platinum = 8 weeks,
no irinotecan

Chemoradiotherapy

None

Entire cohort n (%)

63.2
65.2
21.1-81.0

58 (39.2)
90 (60.8)

39 (26.4)
109 (73.6)

1(0.7)
54 (36.5)
87 (58.8)
6 (4.1)

80 (54.1)
50 (33.8)
14 (9.5)
42.7)

136 (91.6)
12 (8.1)

148 (100)
121 (81.8)

118 (79.7)
30 (20.3)

78 (66.7)
46 (59.7)

10 (8.5)
29 (24.8)

* (nb)

* Lymph node metastasis (M1 position) (6), Liver
metastasis (3), adrenal gland metastasis (1),
ovarian metastasis (1), ascites (1)

*Perioperative findings of advanced disease (20),
Liver metastases after 1 cycle of chemotherapy (1),
Progressive disease (1), Performance status not
allowing surgery (3), Death (2), Patient’s wish (3)
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Missing data
No resection

Histopathological response

(residual cancer cells)
0%

1-10%

11-50%

>50%

Missing data

No resection

ypT stage

TO

T1

T2

T3

T4

Missing data

No resection

ypN stage

NO

N1

N2

N3

No resection

ypM stage

MO

M1*

No resection

R classification
RO

R1

R2

No resection
Differentiation grade
Low grade
Intermediate grade
High grade
Missing data
Lauren classification
Intestinal

Mixed

Diffuse

Missing data

TTR (years)

Mean

Median

Range

OS (years)

Mean

Median

Range
Recurrence status
No

Yes

Unknown/Not applicable
Vital status

Alive

Dead

50

30

13 (11.1)
13 (11.1)
46 (39.3)
45 (38.5)
)

30

13 (11.1)
14 (12.0)
22 (18.8)
26 (35.9)
26 (17.6)
1

30

52 (44.1)
28 (23.7)
18 (15.3)
20 (16.9)
30
* Lymph node metastasis in M1-position (1), Liver
113 (95.8) metastasis (1), Ovarian metastasis (1), Peritoneal
5(4.2) deposit (2)
30

97 (82.2)
19 (16.1)
2(1.7)
30

3(2.4)
52 (42.3)
68 (55.3)
25

65 (52.8)
16 (13.0)
42 (28.4)
25

3.5
3.0
0.1-9.4

3.7
3.3
0.2-9.4

67 (45.3)
49 (33.1)
32 (21.6)

63 (42.6)
85 (57.4)



Study cohort considerations

The two cohorts are overlapping in time, however cohort I started inclusion 2 years
earlier (2006 vs 2008) and ended 4 years earlier (2010 vs 2014). During this time
period, the treatment of EG adenocarcinoma has partly changed. The main event
was the introduction of neoadjuvant/perioperative treatment for gastric cancer
which started in 2007 in Skéne, Sweden (based on the MAGIC trial (119)). Initially,
younger patients with risk factors were treated with NAC, however gradually it has
become the standard treatment independent of risk factors and age, provided a good
performance status and no contraindicating comorbidities. For esophageal
adenocarcinomas, neoadjuvant chemoradiotherapy was initiated 2012 (based on the
CROSS study (128)). However this treatment has successively changed towards
neoadjuvant/perioperative chemotherapy given that adenocarcinomas are less
sensitive to radiation than SCC, and that the studies supporting
neoadjuvant/perioperative treatment of gastric cancer also included tumors of the
distal esophagus (119, 120). The few patients in cohort II who did receive
neoadjuvant chemoradiotherapy were excluded.

Cohort II, encompassing both pre-treatment biopsy specimens and post-treatment
surgical specimens, is of particular interest since it enables investigation of the effect
of NAC on the tumor immune microenvironment. When reviewing the literature,
very few studies are based on paired pre-treatment and post-treatment specimens in
EG adenocarcinoma, and another strength is the comparatively large number of
cases in this cohort. A limitation is however the possible sampling bias when
investigating diagnostic biopsies compared to surgical specimens.

Statistical considerations

All statistical methods applied in this thesis have been described in paper I-IV,
respectively. Therefore, the following section will mainly focus on statistical
considerations not previously addressed.

The general principle of having a certain number of events per predictor variable
(EPV) when performing Cox models is based on studies dating back to the 1990’s.
These studies demonstrated a risk for e.g. increased bias, variability and unreliable
confidence interval (CI) coverage when utilizing less than 10 EPV in a model.
However, only the number of events varied when performing these simulated tests
(177, 178). Hence, in 2007 another study was carried out, wherein the former
constant variables such as sample size and distribution varied. The results indicated
that the former rule of 10 could be tranquilized without severe consequences.
Specifically, 5-9 EPV could be comparable to 10-16 EPV, while 2-4 EPV may cause
more frequent problems. Of course, bigger samples and more events are preferable
(179).
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In paper I, II and III included in this thesis, the confounding factors adjusted for in
the multivariable Cox proportional hazards analyses were selected based on
background knowledge (i.e. established prognostic factors). EPV was not primarily
accounted for. However, when reflecting on the inability to run multivariable
analyses in some categories in paper Il (due to a small number of cases and few
events), the selection procedure evolved. Thus, in paper IV, EPV was taken into
consideration and only established prognostic factors with a significant association
to OS in univariable analysis were included in multivariable analyses.

There has also been a variation and stepwise evolution in the choice of method to
determine the most appropriate prognostic cut-off point to enable survival analyses
in the papers included in this thesis. This is mainly due to the general lack of uniform
standards for immune marker cutoffs. Nevertheless, one of the primary goals when
dichotomizing data in an exploratory study is to find a cutoff that allows for the
detection of potentially important findings while avoiding skewness of the data and
statistical errors. In paper I and IIl, in which the immune markers were assessed
continuously, both classification and regression tree (CRT) derived cutoffs and
median derived cutoffs were constructed for the survival analyses. One of the
disadvantages with CRT derived cutoffs is possible skewness of the data, as was the
case for some categories in paper III, and thus enhanced risk of type-I errors.
However, the downside with a median derived cutoff is that the method per se only
takes the median value into account when creating the cutoff. In paper IV, neither
CRT nor median derived cutoffs were applied. Instead, continuous variables were
used, allowing for the identification of potentially important stepwise patterns.

Of note, when performing numerous statistical analyses there is an increasing risk
for type I statistical errors to occur. This can be compensated for with e.g. the
Bonferroni adjustment, which is calculated by taking the number of tests and
dividing them into the alpha value (i.e. the p-value threshold). However, when doing
so, the risk of type II errors increases, and given the exploratory nature of these
papers, setting the significance level too high comes with a risk that potentially
relevant findings are overlooked.

Lastly, in order to make the cohorts comparable, TTR and OS were defined as time
from diagnosis (date of the result of the preoperative biopsy) in cohort I and as time
from resection in cohort II. Endpoints for TTR and OS did not differ and were
defined as the date of radiologically or biopsy verified recurrent disease and the date
of death from any cause, respectively.
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Summary of results and discussion

Paper I

Herein, we investigated the clinical impact of tumor-infiltrating T lymphocytes
(CD3",CD8", FoxP3") and NK cells (NKp46") in relation to B lymphocyte (CD20")
and plasma cell (IGKC") infiltration in a cohort encompassing 174 patients with
chemoradiotherapy-naive EG adenocarcinoma (cohort I). The individual prognostic
impact of B lymphocytes and plasma cells had been described in a previously
published paper (180).

The results demonstrated an association between high infiltration of any T and NK
cell subset investigated and an improved OS, with high CD8" T cell and NK cell
density remaining independent prognostic factors. T cells (CD8" and FoxP3") were
also independent prognostic factors for a prolonged time to recurrence.
Compartmental localization (intra-tumoral, tumor-adjacent or stromal) did not
affect the prognostic impact for either of the investigated immune cells. The most
noteworthy result in this paper was that the strongest beneficial prognostic impact
was seen for high T cell infiltration in combination with high B cell and/or plasma
cell infiltration. The findings were most evident in gastric cancer, where significant
interactions in relation to OS were seen for CD3", CD8" and FoxP3" cells with
CD20" cells, and for FoxP3" cells with IGKC" plasma cells. In esophageal tumors,
there was only a significant prognostic interaction between CD3" and CD20" cells.
In addition, when investigating the intercorrelations between the immune cells in
the entire cohort, CD20" B cells correlated strongly, and IGKC" plasma cells
correlated moderately to strongly, with any T cell subset investigated. The findings
were similar when stratifying for tumor location. Taken together, these data suggest,
that the antitumoral impact of tumor-infiltrating T cells may be highly dependent on
a functional interplay between T cells and B cells or plasma cells.

This was the first study to address the potential prognostic interaction of B cells and
T cells in EG adenocarcinoma. Since then, B cells in general and their synergistic
effect with T cells in particular, has attracted an increasing interest. In a recent study
on metastatic melanoma by Cabrita et al., the co-occurrence of tumor-associated
CD8" T cells and CD20" B cells was demonstrated to be an independent predictor
of improved survival. Furthermore, the best survival outcome was demonstrated for
patients with tumors presenting a combination of tertiary lymphoid structures (TLS)
and CD8" T cells (181). TLS are structures composed of a T cell zone, B cell
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follicles, plasma cells, dendritic cells and high endothelial venules (182). Cabrita et
al., also demonstrated that TLS may have a key role in sustaining an immune-
responsive microenvironment, thus leading to an improved response to immune
checkpoint blockade (181). The induction of cytotoxic T cell proliferation by TLS
has also been suggested in a study on treatment naive gastric cancer (183), and the
presence of TLS has been shown to be associated with an improved outcome in
several tumor entities, including gastric cancer (67, 69, 182, 184).

Paper 11

Herein, we investigated the expression of PD-L1 on tumor cells (PD-L1tc) and
tumor-infiltrating immune cells (PD-L1ic), and the expression of PD-1 on tumor
infiltrating-immune cells (PD-11c) in 174 cases of chemoradiotherapy-naive primary
EG adenocarcinoma and paired lymph node metastases (cohort I). Particular
attention was given to their relationship with MMR status and prognosis. The
presence of EBV-positive tumors was also investigated. In addition, the prognostic
value of PD-L1 and PD-1 expression was examined at the mRNA level in 354 cases
of gastric cancer and 161 cases of esophageal cancer in TCGA.

The results demonstrate that PD-L1ic expression was higher in lymph node
metastases compared to primary tumors, correlated with AMMR status and lower
TNM stage, and was an independent factor of prolonged survival in patients with
chemoradiotherapy-naive EG adenocarcinoma. PD-L1tc expression did not differ
between primary tumors and lymph node metastases, nor did it confer any
prognostic value. Furthermore, higher PD-L1tc expression correlated with dAMMR
status and higher tumor grade. PD-1 expression did not differ between primary
tumors and lymph node metastases, correlated with lower T and N stages, and was
a prognostic factor for prolonged survival in unadjusted analysis. All EBV-positive
tumors (n=3) were located in the stomach, had higher PD-L1+c expression (>10%)
and were MMR proficient. At the transcript level, only high PD-1 expression in
gastric cancer was significantly associated with a prolonged survival.

The results from this study indicate that PD-L1ic expression may be a useful
biomarker for identifying patients who could possibly be spared from additional
chemotherapy or chemoradiotherapy before curative surgery (i.e. frail/elderly
patients). In addition, the results highlight the temporal heterogeneity of PD-L1
expression, which is of importance when considering the use of PD-L1 as a
predictive biomarker for immune checkpoint inhibitors. Moreover, all patients with
EBV-positive tumors were alive at last follow-up, thus supporting the suggested
beneficial association for this subtype of gastric cancer. As mentioned previously,
EBV-positive tumors have also been proposed to respond better to ICI (135, 136).
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Regarding the mRNA data, PD-1 expression was the only marker being
significantly associated with prolonged survival, and this was only evident in gastric
cancer, not esophageal cancer. Of note, the esophageal cancers in TCGA include
both SCC and adenocarcinomas, which might well cloud the results. An overarching
issue related to studies on esophageal cancer in general is that the cohorts often
contain a mixture of these two histological subtypes, thus making interpretation of
data on prognosis and response prediction challenging. Furthermore, at the
transcript level, PD-L1 expression did not confer any prognostic value, while our
data demonstrated PD-L1;c expression to be a favorable prognostic factor. This
probably reflects the fact that the mRNA expression levels represent both immune
cells and tumor cells. Therefore, IHC should be the preferable method when
assessing PD-L1 expression for the purpose of prognostication or response
prediction.

Paper III and Paper IV

In these two papers, we investigated the effect of neoadjuvant chemotherapy (NAC)
on the composition of T cells, B cells, PD-L1 expression and different TAM subsets,
in a cohort encompassing patients with resected EG adenocarcinoma, all of whom
received NAC (cohort II). To this end, the different immune markers were examined
regarding their total density as well as their prognostic impact in paired pre-
treatment biopsies, post-treatment resected primary tumors and lymph node
metastases. The impact of compartmental localization of the immune cells was also
investigated.

In paper 111, the density and prognostic impact of tumor-infiltrating T cells (CD8"
and FoxP3"), B cells (CD20"), and PD-L1 expression was examined. The results
demonstrate an increased density of CD8" T cells and a decreased density of FoxP3"
T cells and CD20" B cells in post-NAC specimens, whereas PD-L1 expression was
not altered following NAC. No significant associations were found between
immune marker density pre-NAC and histopathological response. In pre-NAC
specimens, high FoxP3" density and high PD-L1ic expression were favorable
prognostic factors, whereas high CD8" density was an unfavorable prognostic
factor. Neither PD-L1tc expression nor B cell density conferred any prognostic
information. In sharp contrast to the pre-NAC situation, high FoxP3" density post-
NAC was an unfavorable prognostic factor. Furthermore, high PD-L11¢ expression
was associated with a shorter survival. CD8" T cells, B cells and PD-L1c expression
were not prognostic. Lastly, neither the infiltration of T cells into TN nor the
presence of B cell aggregates were prognostic in pre-NAC or post-NAC specimens.

In addition to the diverging prognostic associations for various immune cell subsets
pre-NAC and post-NAC, no potential synergistic prognostic effect between B and
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T cells was identified in paper 111, neither before nor after treatment with NAC. In
light of these findings, it appears evident that NAC complicates the picture when it
comes to immune cells and prognostication. A potential sampling bias might
however also have affected the results, given the varying representativity of the
diagnostic biopsies.

Moreover, no prognostic impact of B cell aggregates was identified. However, the
presence of TLS per se was not investigated, which would have required e.g. a
double IHC staining to identify the co-localization of the B and T cells. To the best
of our knowledge, only one former study has investigated the additive effect of B
and T cells in gastric cancer, and the analyses were only performed on post-NAC
specimens. The results demonstrated that the combination of high density of
peritumoral CD20" B cell aggregates and high infiltration of Tbet" cells in the tumor
stroma was a beneficial prognostic factor, regardless of NAC (67).

In paper IV, the infiltration and prognostic impact of CD687/CD163",
CD687/CD163"and MARCO" TAM was investigated. The results demonstrate an
increased density of CD68"/CD163" TAM and a decreased density of MARCO"
TAM in post-NAC specimens. CD687/CD163" TAM density was not altered
following NAC. No prognostic impact could be identified for either TAM subset in
pre-NAC specimens regarding total infiltration, however high CD68"/CD163* TAM
infiltration into TN was an independent unfavorable prognostic factor for TTR.
Moreover, in post-NAC specimens, higher total infiltration of CD68"/CD163" TAM,
as well as the infiltration into TN, were adverse prognostic factors, and, in addition,
this was the only TAM subset associated with an established unfavorable prognostic
factor (high tumor grade). MARCO™ TAM was not prognostic post-NAC, regardless
of compartmental localization. No significant association was found between TAM
density in pre-NAC specimens and histopathological regression.

In a previous paper by Jeremiasen et al. (20), based on cohort I, increased infiltration
of CD68" and CD163" TAM, furthermost CD68" TAM, into TN, was significantly
associated with a stepwise reduced survival (20). Similar associations were seen in
pre-NAC biopsies in paper IV, more specifically for CD68"/CD163" TAM.
However, contrastingly, after treatment, high infiltration of CD68"/CD163" TAM
into TN was an adverse prognostic factor, whereas high Iinfiltration of
CD68°/CD163" TAM was not. As previously discussed, Jeremiasen et al.,
performed single IHC staining, not allowing for assessment of CD68"/CD163
TAM. Thus, the results in these papers are not entirely comparable. Of note, it is
also somewhat difficult to make comparisons between chemotherapy-naive tumors
and pre-NAC specimens. Along this line, it would have been of value to compare
diagnostic biopsies and surgical specimens in cohort 1.

TAM have emerged as a potential target for ICI. However given the plasticity of
this highly abundant immune cell subset, both TAM depleting and altering therapies
have been suggested (185). In a study by Harada et al. on gastric cancer, PD-L1
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expression on tumor cells (immune cells were not investigated) was found to be
significantly associated with CD163" macrophage infiltration (186). This finding
led the authors to suggest that CD163" macrophages might promote PD-LI
expression on tumor cells, therefore being a potential target for ICI. In the study by
Jeremiasen et al., based on cohort I, significant associations were also identified
between CD163" TAM infiltration and PD-L1rc expression.

The results in paper 11l and IV further support that chemotherapeutic agents have
the ability to alter the immune cell composition in EG adenocarcinoma, although a
potential sampling bias must be kept in mind. Altered patterns of immune cell
infiltration following NAC have also been demonstrated in other tumor entities such
as head and neck squamous cell carcinoma, breast cancer and ovarian cancer (187-
189). However, in line with the present results, CD8" T cells have chiefly been
demonstrated to be recruited (187, 190-193) and FoxP3" T cells have been shown
to decrease (194), but also to remain unaltered (187, 191). While neither PD-L1c or
PD-L1tc expression was altered upon treatment with NAC in the present
investigation, other studies have demonstrated ambiguous results with both
decreasing and increasing expression (187, 188, 190, 191, 195). This is also the case
for B cells, although these have been much less investigated (189, 192). Lastly, in
line with the present results, CD163" TAM density has been demonstrated to
increase following NAC(193).
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Conclusions
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The prognostic impact of tumor-infiltrating T cells may be highly
dependent on their functional interplay with B cells in chemoradiotherapy-
naive EG adenocarcinoma.

PD-L1 expression on immune cells, but not on tumor cells, is a prognostic
marker in chemoradiotherapy-naive EG adenocarcinoma.

The potential effect of NAC should be taken into account when using PD-
L1 expression as a predictive marker for selection of patients with EG
adenocarcinoma for treatment with immune checkpoint inhibition.

The composition of the tumor immune microenvironment in pre-treatment
biopsies does not predict histopathological response in EG adenocarcinoma.

Neoadjuvant chemotherapy appears to have the capability to alter the
composition and prognostic impact of the tumor immune microenvironment
in EG adenocarcinoma.



Future perspectives

The findings in this thesis highlight the need for further studies on the effect of NAC
on the tumor immune microenvironment in EG adenocarcinoma, not least in the
context of immune checkpoint inhibition, which is given alone or in combination
with chemotherapy in different clinical settings today. Such studies should also be
extended to include esophageal SCC, and potential differences between the
histological types should be considered. Furthermore, given the emerging role of
TLS in immune-oncology, it would be of particular interest to evaluate the possible
effect of NAC on these structures in paired pre- and post-treatment specimens.

Moreover, despite the increasing use of NAC, it would still also be of value to
identify reliable prognostic immune signatures for the identification of patients who
could be spared treatment, e.g. those with comorbidities. In this context, a combined
score of T cells and B cells, or PD-L1 expression on immune cells, as identified in
this thesis, would merit further validation.
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Popularvetenskaplig sammanfattning

Cancer ar en 16msk sjukdom som har drabbat oss sedan urminnes tider, den &ldsta
beskrivningen striacker sig sa langt bakat i tiden som 1500 ér fore Kristus. Sedan
dess har forekomsten av cancer okat i hela virlden pa grund av faktorer som en allt
langre livsldngd, vixande befolkning och béittre diagnostik. Cancer uppstar nér
normala celler 1 kroppen borjar dela sig ohdmmat utan att omgivande celler lyckas
bromsa eller stoppa dem. Kroppens eget immunforsvar har visat sig spela en stor
roll i kampen mot cancer.

Immunsystemet bestar huvudsakligen av tva delar, det medfédda, ospecifika
immunforsvaret, vilket inte behdver ndgon aktivering utan direkt kan forsvara oss
mot cancerceller, samt det forviarvade, specifika immunforsvaret som behdver
aktiveras innan det kan agera. Fordelen med det specifika immunfGrsvaret ar att det,
trots en lite l&ngsammare startstricka, har formigan att kdnna igen specifika
strukturer pa tumorceller samt minnas dem infor framtida attacker.

Det ospecifika immunforsvaret bestar av flera olika komponenter, bdde kroppsliga
barridrer (t.ex. hud och slemhinnor), kemiska barriédrer (t.ex. magsyra och gallsyra)
samt immunceller (tex. makrofager och naturliga mordarceller). Det specifika
immunforsvaret bestdr av immunceller (T och B celler) samt antikroppar. Det
ospecifika och specifika immunforsvaret samarbetar och kompletterar varandra i
kampen mot cancer. Foljande dr exempel pa nagra viktiga immunforsvarsceller.

Ospecifika immunforsvarsceller

e Makrofager; éter upp cancerceller och motverkar tumorutveckling genom
att frimja andra immunceller, men under vissa omstandigheter kan de dven
bidra till tumdrutveckling genom att himma andra immunceller.

e Naturliga mordarceller; kan eliminera cancerceller samt aktivera andra
immunforsvarsceller.

e Naturliga mordar-T-celler; kan utpléna cancerceller, men framfor allt har
de immunmodulerande egenskaper. Liknar bdde mordar-T-celler samt
naturliga mordarceller och betraktas darfor ligga i grazonen mellan det
ospecifika och specifika immunforsvaret.
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Specifika immunforsvarsceller

e Mordar-T-celler; utplénar cancerceller, beskrivs som malinriktade missiler
1 immunforsvaret mot cancer.

e T hjdlparceller; frimjar mordar-T-cellernas samt B-cellernas funktion.

e Regulatoriska-T celler; bromsar immunforsvaret for att motverka en alltfor
stark reaktion.

e Minnes-T-celler; skapar det immunologiska minnet.

e B-celler; producerar antikroppar som mairker ut cancerceller sa de kan
utplanas av andra celler i immunforsvaret.

e Plasmaceller; hogspecialiserade B-celler som producerar stora méngder
antikroppar.

Ar 2020 fanns 6ver 1,7 miljoner nya fall av matstrups- och magséckscancer globalt
vilket tillsammans gor dem till de 4:e vanligaste cancerformerna och de nist
vanligaste orsakerna till cancerrelaterad dod i vérlden. Prognosen for dessa
tumorsjukdomar &r dyster vid spridd sjukdom da patienterna i genomsnitt lever
mindre &n ett ar. I Sverige édr dessa cancersjukdomar mindre vanliga men mellan
aren 2013-2017 insjuknade trots allt 1200 personer arligen.

Cancer 1 matstrupen forekommer i tva olika former som utgar fréan olika vévnader;
skivepitel och adenocarcinom. Skivepitelcancer dominerar globalt sett och stod
2018 for 85% av alla ny fall medan adenocarcinom stod for resterande 15%. 1
viastvirlden har man dock 6ver de senaste 30 aren sett en drastisk dkning av typen
adenocarcinom som nu till och med &r vanligare 4n skivepitelcancer.

Globalt sett har insjuknandet och dddligheten i magséckscancer sjunkit under de
senaste 50 aren i princip hela virlden. Detta beror pd att ’magsarsbakterien”
Helicobacter Pylori, vilken dr den storsta kinda riskfaktorn for magsickscancer, nu
kan upptickas och behandlas bort med antibiotika. Ovriga kinda riskfaktorer for
magséckscancer ar rokning samt 1agt intag av frukt och gronsaker samt hogt intag
av salt, inlagd mat och alkohol. Riskfaktorer for att utveckla cancer i matstrupen av
adenocarcinomtyp dr framfor allt sura uppstotningar och fetma medan det for
skivepiteltyp framfor allt 4r rokning och alkohol.

Det vanligaste tidiga symtomet pa cancer i1 matstrupen och magsicken &ar
svarigheter att svilja. Ovriga symtom kan vara tex sura uppstdtningar, illamiende
och ofrivillig viktnedgang. D4 symtomen ofta ar diffusa, framforallt vid
magsdckscancer, dr dessa cancrar ofta svara att uppticka, men vid misstanke om
cancer skall man utredas med gastroskopi dir man via en liten kamera tittar ner i
matstrupen och magsécken och tar vivnadsprov, sé kallade biopsier, ifall man ser
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cancermisstdnkta fordndringar. Om vévnadsproverna péavisar cancer skall man
utredas vidare med en skiktrontgen av brostkorgen och buken for att utesluta att
cancersjukdomen har spridit sig (metastaserat) till andra organ i kroppen. For
patienter med lokal sjukdom utan spridning av tumoéren finns mojlighet till bot via
kirurgi men trots att man opererar bort all synlig cancer ér det endast 20-25% av alla
patienter som lever efter 5 ar. Behandlingen har dock utvecklats och genom tillagg
av cellgifter och i vissa fall stralning har 6verlevnaden forbéttrats.

Vid matstrups- och magséckscancer av adenocarcinomtyp ér standardbehandlingen
att ge cellgiftsbehandling bade fore och efter operation, vilket har visat sig 6ka 5-
ars overlevnaden till ca 45%. For patienter som inte kan opereras pa grund av
spridning av tumdren till andra organ, eller for att de inte beddms klara av en
operation, erbjuds behandling i bromsande och symtomlindrande syfte. Malet med
den behandlingen &r att forldnga livet, samt att forbéattra livskvaliteten for patienten,
men med tanke pé att patienter med spridd sjukdom i genomsnitt endast lever 1 ar
trots olika former av uppbromsande behandling &r livskvalitet av hogsta vikt. Det
finns salunda ett stort behov att forbittra behandlingen och prognosen for patienter
med matstrups- och magséickscancer, bade for de med botbar och for de med icke
botbar sjukdom.

Forskning kring immunceller, dess funktion samt interaktion med tumorceller pagar
intensivt sedan ldnge och detta forskningsomrade bendmns “immunonkologi”.
Immunforsvarets celler kan infiltrera tumdrens mikromiljé, dvs den miljo som
omger cancercellerna. Tumormikromiljon bestir dven av bland annat stddjeceller
och signalerande molekyler. En av de viktigaste mekanismerna bakom
cancerutveckling dr tumdrcellernas formaga att undgé igenkdnning och utrotning av
tumorinfiltrerande immunceller. En av de regulatoriska vigar som tumorcellerna
anvander sig av for att hdmma immunforsvaret dr att binda in till s& kallade
”checkpoints”, dvs hdmmande receptorer som uttrycks av flera olika typer av
immunceller. I normala fall binder immuncellerna sjélva in till dessa receptorer, om
en viss tillfillig ddmpning av immunf6rsvaret dr nddvéandig, men tumorcellerna kan
ocksa utnyttja receptorerna till att blockera immunforsvaret totalt vilket leder till
utebliven eliminering av tumorcellerna. Ett av det mest spAnnande exemplen inom
immunonkologi &r framtagandet av antikroppar, sd kallad immunterapi.
Antikropparna blockerar tumoércellerna fran att binda in till checkpointreceptorerna
och ddrmed kan immuncellerna fortsatta sitt jobb med att utrota tumorcellerna. For
vissa cancerdiagnoser har detta inneburit banbrytande resultat, med dramatiskt
forbattrad Gverlevnad, men for matstrups- och magsickscancer har utvecklingen
gatt tdimligen langsamt. Det behovs dven béttre metoder for att identifiera vilka
tumorer som &r kénsliga for denna typ av behandling.

Det ar ocksé av storsta vikt att ta reda pé vilka patienter som har nytta av sedvanlig
cellgiftsbehandling, da detta tillsammans med stralbehandling fortsatt utgor basen
for den mediciniska behandlingen for patienter med matstrups- och
magséckscancer.
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Mot denna bakgrund har syftet med mitt avhandlingsarbete varit att analysera den
inflammatoriska tumoérmikromiljon vid cancer i matstrupe och magséck. Dels for
att kartlagga hur cellgifter paverkar immuncellernas sammansittning och dels for
att undersoka immuncellernas prognostiska vérde.

Min avhandling omfattar fyra stycken delarbeten baserade pa tva olika
patientgrupper. Tumorvdvnad studerades dels fr&n 174 patienter med
adenocarcinom 1 matstrupe eller magsdck som opererades utan att erhalla
forbehandling med cellgifter, dels fran 148 patienter med adenocarcinom i
matstrupe eller magsdck som fick forbehandling med cellgifter. I den senare
patientgruppen analyserades savil diagnostiska tumdrvavnadsprov (biopsier) fore
behandlingsstart som vdvnadsmaterial frdn de bortopererade tumoérerna. For att
studera immuncellerna i tumoérmikromiljon har vivnadssnitten fargats in med olika
antikroppar, varefter mangden faststillts med ljusmikroskop samt i enstaka fall &ven
med digital bildanalys. Vi har sedan undersokt om méngden immunceller, enskilt
eller i kombinationer, kan ge information om risken for aterfall av cancer och dod.

I delarbete I, som ar baserat pa den forsta patientgruppen, analyserades olika typer
av T-celler (mdrdar-T-celler, och regulatoriska- T celler), naturliga mordar celler
samt deras relation till B-celler och plasmaceller. Vara resultat visade att hog
tumorinfiltration av alla olika T celler och naturliga mordarceller var gynnsamma
for patientoverlevnad. Det storsta nyhetsvdrdet i det hér arbetet var att
kombinationen av hég tumdrinfiltration av T celler samt B och/eller plasmaceller
innebar den absolut mest gynnsamma prognosen. Nar artikeln publicerades fanns
inga studier som visat detta i matstrups- och magséckscancer, men direfter har B-
celler fatt allt mer uppmérksamhet dven inom andra tumdrtyper.

I delarbete II, som ocks& dr baserat pd den forsta patientgruppen, studerades
uttrycket av checkpointproteinet programmed death-1 (PD-1), som finns pa olika
immunceller, samt dess mottagarmolekyl (ligand) PD-L1, som uttrycks bade pa
olika immunceller och tumoérceller, i vivnadsprov bade fran savil tumorer som
nirliggande lymfkortlar. Vi undersokte dven forekomsten av Epstein-Barr virus
(EBV)-infekterade tumoérer. Man vet sedan tidigare att det prognostiska virdet av
PD-L1 och PD-1 i magsicks- och matstrupscancer &r véldigt varierande samt att
EBV-infekterade tumorer troligen har bittre prognos. Vara resultat visade att
uttrycket av PD-L1 var hogre i lymfkortelmetastaser dn i modertumorer. Hogt PD-
L1 uttryck pa tumérinfiltrerande immunceller var den starkaste gynnsamma faktorn
for patientoverlevnad. Hogt PD-1 uttryck pa immunceller var ocksa till viss del en
gynnsam faktor for 6verlevnad men inte lika tydligt som PD-L1. Vidare fann vi tre
fall av magsdckscancer som var positiva for EBV och alla dessa patienter hade lang
overlevnad. Det viktigaste fyndet i det hir arbetet var att PD-L1 uttrycket skiljde sig
mellan tumdr och lymfkortel, vilket indikerar att biopsier bor tas frén flera lokaler
om man vill undersdka PD-L1 uttryck. Detta &r hogst aktuellt idag da PD-L1
anvénds som en markor for vilka patienter som skall erbjudas immunterapi. Ett hogt
PD-L1 uttryck pa immunceller, vilket indikerade en gynnsam prognos, skulle ocksa
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kunna hjélpa till att bespara skora patienter onkologisk tilliggsbehandling fore
botande kirurgi.

I delarbete III och IV, som baserades pa den andra patientgruppen, studerades olika
typer av T-celler (moérdar-T-celler och regulatoriska T celler), B-celler, uttrycket av
PD-L1 pé& immunceller respektive tumorceller, samt infiltrationen av olika
makrofager i bdde diagnostiska vivnadsprov tagna fore operation samt vivnadsprov
frén tumoren efter operation. I forekommande fall undersoktes dven nérliggande
lymfkortelmetastaser.

I delarbete III visade véra resultat att andelen mordar- T-celler 6kade medan andelen
regulatoriska T celler och B-celler minskade efter cellgiftsbehandling. PD-L1
uttrycket paverkades inte. Fore cellgiftsbehandling var en hdg infiltration av
regulatoriska T celler gynnsamt for Gverlevnad, men efter behandling var det
tvartemot ogynnsamt. Forekomst av mordar-T-celler var ogynnsamt for éverlevnad
fore cellgiftsbehandling men hade inget samband med Overlevnad -efter
cellgiftsbehandling. Andelen B-celler hade ingen péverkan pa dverlevnaden vare
sig fore eller efter cellgiftsbehandling. Hogt PD-L1 uttryck pa immunceller, men
inte pd tumorceller, var gynnsamt for overlevnad fore cellgiftsbehandling medan
hogt PD-L1 uttryck pa tumdrceller, men inte immunceller, var forknippat med
samre 0verlevnad efter cellgiftsbehandling. Slutligen fann vi ingen koppling mellan
immuncellsinfiltration 1 vdvnadsproverna fore cellgiftsbehandling och hur mycket
tumoren krympte efter cellgiftsbehandlingen.

I delarbete IV visade vara resultat att &ven infiltrationen av makrofager paverkas av
cellgiftsbehandling. Har kunde man se att patientéverlevnaden dndrades beroende
pa om makrofagerna befann sig intill tumdrcellerna eller inte. Sammanfattningsvis
var det simre for Overlevnaden att ha en hog infiltration intill tumoércellerna i
vavnadsproverna fore cellgiftsbehandling av den makrofagtyp som generellt sett
anses vara ogynnsam for overlevnad. Daremot var det prognostiskt ogynnsamt att
efter cellgiftsbehandling ha en hog total sdvil som tumdrcellsnira infiltration i
vavnadsproverna av den makrofagtyp som generellt sett anses vara gynnsam for
overlevnad. Inte heller for makrofager kunde vi se ndgot samband mellan infiltration
i vivnadsprovet fore cellgiftsbehandling och hur mycket tumoren krympte efter
cellgiftsbehandlingen.

Sammanfattningsvis var resultaten bade i delarbete III och IV komplexa, da det
prognostiska vérdet av olika immuncellstyper skilde sig fore och efter
cellgiftsbehandling. Resultaten &r betydelsefulla, d& de belyser hur
cellgiftsbehandling tycks kunna paverka sammanséttningen av olika typer av
immunceller och mojligen ocksé deras paverkan pa tumérutvecklingen. Det behdvs
dérfor mer forskning kring hur immunforsvaret fordndras av cellgiftsbehandling, for
att f4 en djupare fOrstielse av mekanismer som kan driva eller hdmma
cancerutveckling, samt hur dessa paverkas av behandling.
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