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“Yo creo que nada sucede por casualidad,
;Sabes? Que, en el fondo, las cosas tienen un
plan secreto aunque nosotros

no lo entendamos”

- La sombra del viento, Carlos Ruiz Zafon
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Abbreviations

5-FU
ABC
ACS
AJCC
AKT
ATCC
APCs
APC
BER
BB

BV
BRAF

L of

CA
CAFs
CAPOX
CAR-T
CCL
CCR
cDC1s
CEA
CIMP
CIN
CMS
COVID-19
CpG
CRC
CRISPR
CT
CTCs
CitDNA
CTLA-4
CXCL
CXCR
DCs
DFS
DNA
dTMP
dUMP
EGFR
ELR
EMT
FACS
FAP
FDA

5-Fluorouracil

ATP-binding cassette

American Cancer Society

American Joint Committee on Cancer
Protein kinase B

American Type Culture Collection
Antigen-presenting cells
Adenomatous polyposis coli gene
Base excision repair system

Beva Bevacizumab

Brilliant violet

v-Raf murine sarcoma viral homolog B
Cysteine

Carbohydrate antigen 19-9
Cancer-associated fibroblasts
Capecitabine plus OXA

Chimeric antigen Receptor T cells

CC chemokine ligand

CC chemokine receptor

Conventional type 1 dendritic cells
Carcinoembryonic antigen

CPG island methylator phenotype
Chromosomal instability

Consensus molecular subtype
Coronavirus disease 2019

Island Cytosine-Guanine dinucleotide group island
Colorectal Cancer

Clustered regularly interspaced palindromic repeats
Computed tomography

Circulating tfumor cells

Circulating tfumor DNA

Cytotoxic T-lymphocyte-associated protein 4
CXC chemokine ligand

CXC chemokine receptor
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Introduction

1. COLORECTAL CANCER
1.1. INCIDENCE AND MORTALITY

Colorectal cancer (CRC) is the third most common cancer in both sexes and represents
the second cause of cancer-related deaths worldwide, with 935.173 in 2020 (Figure
1A). It is the second-and third-most common cancer in women and men, respectively.
A total of 864.000 women (9.4% of all new cancer cases) and 1.07 million men (10.6%
of new cancer cases) were diagnosed with CRC worldwide. The age-standardized inci-
dence rate (ASRi) of CRC is higher in men (23.4 per 100.000 individuals) than in women
(16.2 per 100.000) and varies depending on the world region, happening more than half
of the cases in the more-developed ones (Europe, Australia, and New Zealand) (Figure
1B, in dark pink). Similarly happens with the age-standardized mortality rate (ASRm),
which is higher in men (20.2 per 100.000) than in women (11.0 per 100.000) and so in
more-developed countries (Figure 1B, light pink)’. These variations are associated with
different socioeconomic levels. For instance, CRC mortality which depends on the tu-
mor's stage at the moment of diagnosis is influenced by the level of healthcare in each
country, which translates into the availability of population to screening programs?*

A Estimated number of new cases in 2020, World, both sexes, all ages
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Figure 1. Incidence and mortality statistics of CRC in 2020. A. Cancer-related death cases in both sexes world-
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wide. B. Age-standardized incidence and mortality rates of CRC in the world divided by sex. Source’.

All these estimates do not consider the possible consequences of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the virus responsible for coronavirus disease 2019
(COVID-19). Even though it remains unclear, reduced access o healthcare systems and
delays in diagnosis and associated treatments may have caused a provisional decline in
the incidence followed by increases in the diagnosis of advanced-stage and mortality**.

1.2. CRC PROGNOSIS

The American Cancer Society (ACS)® official statistics stands that the 5-year overall sur-
vival (0OS) is approximately 90% for those patients with localized CRC (stage I, IIA, and
IIB), 71% for patients with regional cancer (stage IIC and III) and it decreases to 14% for
patients with advanced disease (stage IV). Delayed diagnosis is mostly due o the lengthy
silent nature of the disease, 90% of cases are diagnosed after symptoms appear, either
by colonoscopy (~80%) or emergent surgery (~10%). To mitigate this, the ACS decreased
the prescribed age for screening initiation for individuals at average risk from 45 to 50
years in 2018°. Early screenings, such as fecal occult blood testing (FOBT), have reduced
advanced-stage diagnosis by lowering CRC-related deaths (by 20-30%)’. This data hi-
ghlights the importance of early CRC diagnosis. The earlier the diagnosis the higher the
chances to survive CRC.

1.3. RISK FACTORS

Risk factors in CRC are known to be genetic and environmental. Most CRCs are sporadic,
around 75% of patients do not have any family history and their lifetime risk of develo-
ping CRC is 3-5%, increasing with age. The median age at diagnosis is 68 in men and 72
in women®’. However, in patients with a first-degree relative with CRC diagnosed between
50-70 years, the risk rises to 20%°. In addition, around 15% of sporadic CRCs are micro-



satellite unstable (MSI), resulting from hypermethylation of the MLH1 promoter®. Also,
there are predisposing conditions to CRC such as inflammatory bowel disease (ulcera-
tive colitis, Crohn’s disease) and cigareftte smoke among others.

On the other hand, 5-10% of CRC cases arise from hereditary diseases (pre-cance-
rous conditions) typically classified as Lynch syndrome (LS) (or hereditary nonpolyposis
CRC) or polyposis syndromes’, in which polyps evolve into carcinogenesis. LS represents
2-4% of CRCs and is characterized by a mutation in one allele of the DNA mismatch
repair (MMR) genes, MLH1 and MSH2 (90%), or MSH6 (10%) and PMS2 (rare). Polypo-
sis syndromes classification depends on the predominant type of polyp, adenomatous
(familial adenomatous polyposis [FAP]), hamartomatous (Peutz-Jeghers syndrome
[PJS]), and serrated. FAP is the second most common hereditary syndrome and repre-
sents 1% of all CRCs. Most patients show a big number of adenomas at a young age
caused by mutations in the APC gene, strongly related to the Wnt pathway. Even though
the way CRC carcinogenesis arises differs among the syndromes, most are caused by a
single germline mutation causing genetic instability and therefore a CRC risk”2.

CRC may be considered as a geographic socioeconomic development marker®. It has
been reported that 16-71% of cases in Europe and the United States are caused by
lifestyle factors. Incidence grows uniformly with increasing human development index
(HDI), which can be translated into lifestyle factors such as diet®’. Increased intake of
red and processed meat, sedentary life together with excess body weight raises CRC
risk by an estimated 1.16-fold per 100g increase of daily intake. On the contrary, in some
high-incidence countries, CRC prevalence has declined based on a better-quality food
intake (milk, fresh fruit, whole grains, vegetables, fiber, and vitamin D among others).
Population healthier habits decrease its risk to approximately 10% per daily intake of
10g fiber, 300mg calcium, or 200mL milk together with 30 minutes of daily physical
activity**. The multiple environmental factors related to colorectal carcinogenesis are
likely reflected in the CRC heterogeneity, which has favored more in-depth research
in the ‘molecular pathological epidemiology field. Based on studying the associations
between environmental and genetic factors and tumor molecular characteristics and
progression. Also, there are many hypotheses regarding the correlation between colo-
nic microbiota and CRC, which may as well shed some light on the field®.

1.4 CRC PATHOPHYSIOLOGY

CRC malignancy originates from either the colon or the rectum. Since both cancers
share many biological and clinical features, they are often combined®.

The most frequent CRC form is adenocarcinoma (up to 90% CRC cases), originating in
colorectal mucosa epithelial cells. Over 95% of tumoral gland formation is present in
well-differentiated adenocarcinomas, whereas only 50-95% in moderately differentia-
ted or <50% in poorly differentiated adenocarcinomas. Being moderately differentiated
the most frequent diagnosis (around 70%). In addition, the left colon is more frequently
affected than the right colon (5:1)°.
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Figure 2. From polyp to CRC. CRC development sequences described, show how the normal epithelium progresses
to CRC together with the molecular and genetic players involved. Both sequences include how an aberrant crypt focus
promotes the formation of early and advanced polyps that further progress into early and advanced CRC. The fop
sequence is the “classic” one, in which fubular adenomas end up in adenocarcinomas. The bottom pathway also ca-
lled “alternative” affects serrated polyps and their progression to serrated CRC. This represents 15% of sporadic CRC
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tumors. The model proposed by Fearon and Vogelstein in 1990. Figure from?.

It has been demonstrated that CRC develops after the epithelial cells acquire seve-
ral hallmarks of cancer® by accumulating gene mutations and epigenetic alterations,
which take over 10-15 years to occur. Typically, CRC develops (Figure 2, top scheme)
when dysplastic adenomas appear, which are the most common precursor forms of
premalignant lesions. Chromosomal instability (CIN) is characterized by APC gene mu-
tations occurring in almost 70% of all non-hereditary CRC adenomas, an early event in
this carcinogenesis process resulting in CRC. The adenoma-carcinoma process is pro-
moted by the accumulation of mutations, the activation of oncogenes, and the inacti-
vation of tumor suppressor genes. However, around 15% of sporadic CRCs, are known
as serrated polyps and develop from different molecular pathways (Figure 2, lower
scheme), depending on where they arise, right or left colon. In the right colon, they
usually present MSI and CPG island methylator phenotype (CIMP), while in the left co-
lon, the polyps are microsatellite stable (MSS) and carry mutations in Kirsten rat sarco-
ma virus (KRAS), some also present an attenuated pattern of CIMP*''2, Therefore, this
adenoma-to-carcinoma process can be caused by one or a combination of the main
molecular pathways described: MSI, CIN, and CIMP®B, The molecular characteristics
of these pathways are used in the clinics for diagnosing and managing CRC patients.

1.4.1 Microsatellite instability (MSI)

Microsatellites are small (1-6 base pairs) DNA-repeating segments in the entire genome
(representing around 3% of the human genome). As a result of their repeated structure,
they present a high mutation rate, usually repaired by the MMR machinery. When there
are deficiencies in the DNA MMR (dMMR) genes (MLH1, MLH3, MSH2, MSH3, MSH6,
PMS1, PMS2 and ATPases) it results in a strong mutator phenotype, with broad dispara-
te lengths of microsatellites, known as MSI**, Fifteen percent of CRC patients harbor
MSI tumors, where only 3% associate with LS and the other 12% is mainly caused by



the sporadic hypermethylation of the MLH1 MMR gene promoter; therefore, about 85%
of patients are classified as MSS. MSI tumors tend to accumulate driver mutations in
other genes, commonly in the transforming growth factor-beta receptor II (TGF-BR2)
and v-Raf murine sarcoma viral homolog B (BRAF)'*". Regarding MSI CRC tumors, it
has been reported that they tend to arise in the proximal colon, present immune infil-
fration of lymphocytes and are poorly differentiated. These MSI CRC tumors are more
frequently diagnosed in stage II and rather uncommon in metastatic fumors, in fact
when diagnosed at an early stage, patients present a better prognosis than others wi-
thout MSI, while when diagnosed at a late stage, the prognosis is poor'®*,

1.4.2 Chromosomal instability (CIN)

60-70% of sporadic CRC cases present CIN, which is characterized by chromosomal
number imbalances (aneuploidy) and heterozygosity loss (LOH). Mainly caused by de-
fects in telomere stability together with chromosomal segregation and DNA response
damage. Along with these abnormalities, CIN tumors show an accumulation of muta-
tions in specific tumor suppressor genes such as the Tumor protein P53 (TP53), APC, or
mothers against decapentaplegic homolog 4 (SMAD4) as well as in oncogenes such as
KRAS. Also, the accumulation of mutations in Phosphatidylinositol 3-kinase (PI3K) is
known to induce CRC initiation through the activation of critical pathways®!4, The CIN
CRC model of carcinogenesis proposed by Fearon and Vogelstein in 1990 (Figure 2,
top) is still widely accepted for tumor progression. It describes how the APC gene inac-
tivation results in hyperactivation of the Wnt signaling pathway, a key-initiating event.
Likewise, epigenetic changes in B-catenin display the same result. Both cause uncon-
trolled cell proliferation and differentiation leading to adenoma progression. Further
mutations in KRAS, TP53 and others, result in carcinoma development31314,

1.4.3 CPG Island methylator phenotype (CIMP)

One deeply studied epigenetic mechanism that regulates gene expression is DNA me-
thylation. It consists of the covalent addition of a methyl group (CH3) to the carbon 5
of the cytosine ring of CpG islands (Cytosine-Guanine dinucleotide group) present in
gene promoter regions?. Global DNA hypomethylation and localized promoter hyper-
methylation are common epigenetic events that occur in cancer. 20-30% of all CRCs
comprise the CIMP phenotype, it is usually associated with female gender and older
age. Mutations in the BRAF V600E gene seem to be an early event in CIMP tumors,
which strongly correlate with MLH1 hypermethylation. CIMP represents most MSI-posi-
tive/CIN-negative CRCs, where 33% of CIMP-positive tumors exhibit chromosomal ab-
normalities®®*?°, Estimating the methylation status of specific genes may be useful in
clinical practice, particularly, of the serrated lesions associated with a CIMP signature,
for which diagnostic and pathological interpretation remains challenging. Nevertheless,
CIMP tumors are heterogeneous and the value of CIMP genes hypermethylation as
prognostic biomarkers remains controversial®-

1.4.4 Other molecular abnormalities

Nearly 80% of all CRCs express or overexpress the epithelial growth factor receptor
gene (EGFR). Its overexpression is associated with decreased survival and risk of me-
tastases®. EGFR is a transmembrane receptor that belongs to a family of four related
proteins (EGFR, HER2, HER3 and HER4). After EGF or other ligands bind to a single
chain, it forms a dimer and activates a signaling cascade®. EGFR signaling involves
tfwo main axes. One is the KRAS-RAF-MAPK signaling pathway, where KRAS belongs
to the oncogenes family of KRAS, HRAS, and NRAS. When active, it recruits the serine
protein BRAF, initiating the cytoplasmic phosphorylation cascade that leads to frans-
cription factors activation. The alternative axis comprises membrane localization of
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PI3K, promoting protein kinase B (AKT) activation, which represents a parallel signa-
ling. Both axes are closely related and interconnected, as PI3K can also be activated via
RAS proteins®. These signaling cascades may result in cancer-cell proliferation, apop-
tosis blockade, invasion and metastasis, as well as tumor-induced neovascularization?.
KRAS and BRAF are the most important oncogenes in CRC. It is estimated that KRAS
mutations are present in 42% of CRCs, while BRAF mutations are found in around 10%
of the cases. Importantly, both mutations are mutually exclusive in CRC*. KRAS protein
regulates numerous signaling pathways such as PI3K/AKT, mitogen-activated protein
kinase (MEK) or extracellular regulated protein kinases (ERK) among others, as a mem-
brane-bound regulatory protein (G protein). It belongs to the GTPase family of proteins,
binding guanine nucleotides, functioning through the guanosine diphosphate (GDP)/
triphosphate (GTP) binary switch?. In CRC, most RAS-activating mutations happen in
codons 12, 13, and 61, being G12D, G12V, and G13D the most frequent'’?, These muta-
tions in 12 and 13 are known to cause constitutive activation of the GTPase, outbreaking
possible anti-EGFR effects”. BRAF’s typical activating mutation is V600E, which con-
sists of a substitution of a central amino acid in the kinase domain. V60OE is necessary
to keep RAF in the inactive conformation. The human epidermal growth factor receptor
2 (HER2) belongs to the EGFR family of receptors, controlling epithelial cell growth, and
its amplification, short variant modulations, or both, are present in approximately 5%
of metastatic CRC (mCRC) patients?. On the other hand, mutations in tumor suppres-
sor genes are also relevant in CRC. Around 54% of patients have p53 dysfunction. p53
is an essential regulator of DNA damage, apoptosis, proliferation, and stress response,
thus, it plays a crucial role in cancer progression. When there are damaged cells during
the cell cycle, p53 is the regulator that stops it, avoiding cells from entering apoptosis.
If there are mutations in TP53, it does not behave as a tumor suppressor gene but as
an oncogene, promoting a more aggressive phenotype?. The adenomatous polyposis
coli gene (APC) is another important fumor suppressor gene in CRC and its mutations
are present in 75% of sporadic CRC patients’. APC gene mutation is, as previously
mentioned, an early event in CRC. When mutated, there is constitutive activation of
the canonical Wnt signaling which causes dysregulation of differentiation, survival, cell
proliferation, and apoptosis®.

1.5. DIAGNOSIS AND STAGING

1.5.1 Screening and detection

CRC is usually diagnosed after a patient is exhibiting a series of symptoms such as
change in bowel habits, diarrhea, constipation, feeling that the bowel does not empty
completely or weight loss with no known explanation among others, or after a scree-
ning program result, mainly consisting of a colonoscopy or a fecal occult blood test.
Colonoscopies are very certain and efficient in determining the location of the tumor
or tfumors. Other analyses, which are becoming more sensitive and promising, take
advantage of the DNA present in epithelial cells, also found in stool samples. It allows
the identification of tumor-specific changes, such as mutations in KRAS, APC gene,
or other typical CRC mutations. Pathologists are essential in CRC diagnosis. Besides
festing MSI, BRAF, and KRAS mutations, the histopathological study is still basic to
determine patients’ stage, prognostic, and predictive parameters as well as tumor cha-
racterization®®, Lately, circulating tumor mRNA, microRNA, and cytokeratin are under
study as potential diagnostic markers. Furthermore, distant metastases diagnosis is an
imporfant aspect of MCRC. The most common locations are the liver and lungs, being
liver the most frequent one, which explains why liver imaging by computed tfomogra-
phy (CT) is recommended in all CRC patients as well as magnetic resonance imaging
(MRI)*®!, Lately, pathologists are paying special attention to tumor budding. If pre-



sent, it is considered an indicator of an aggressive tumor, closely related to epithelial
to mesenchymal transition (EMT) in the tumor microenvironment (TME)**2, It consists
of single or small fumor cell clusters that are detached from the tumor*.

1.5.2 Tumor staging

The degree or extent of the CRC at diagnosis is crucial fo determine patients’ treat-
ment and outcome. Tumor staging categories are clinicians’ major tools fo measure
patients’ prognosis and help them to decide which is the most appropriate freatment
or even if it is worth enrolling a patient in a clinical trial. The TNM system is the most
extensively staging system used, by the American Joint Committee on Cancer (AJCC)
and the International Union for Cancer Control (UICC). It establishes the invasion of
the primary tumor (T), regional lymph nodal metastasis (N), and distant metastases
(M) (Table 1). A conclusive staging is usually done after surgery with a histopatho-
logical study. The staging system is frequently updated to prevail relevant to clinical
practice®.

[ CRC TUMOR STAGING SYSTEM

Table 1. AJCC tumor staging system for CRC. Tumor (T), nodes (N), metastasis (M)°

1.5.3 Consensus molecular subtypes

CRC cancer heterogeneity regarding clinical and molecular characteristics as well as
response to freatment and prognosis, has highlighted the necessity of better classi-
fying it into more robust subtypes. Over the years, different groups have put lots of
effort into the definition of CRC subtypes®*°. The international CRC Subtyping Con-
sorfium was created in 2014 to unify the existing classifications and described the
well-known four consensus molecular subtypes (CMS1 to CMS4) in 2015*, summarized
in Figure 3%

+ CMS1 (MSI Immune subtype)
CMS1 represents 14% of all CRCs. It includes hypermutated tumors, which have a
high CIMP signature and BRAF mutations and comprises most MSI tumors (76%).
CMS1 is remarkably infiltrated with immune cells, T helper 1 (T 1), T follicular helper
(TFH) cells, natural killer (NK) cells, activated lymphocytes, M1 macrophages, and
dendritic cells (DCs). Accordingly, CMS1 tumors present high expression of genes
involved in human leukocyte antigen (HLA) class I and class II families, related to
antigen presentation and processing, also genes responsible for T cell chemotaxis
like chemokine CXC ligand 9 (CXCL9) and CXCL10, as well as CXCL13, more related to
B cell chemotaxis*?*. However, this CMS has a poor survival rate after relapse, which

AJCC STAGE TNM STAGE TNM STAGE CRITERIA
Stage 0 Tis NO MO Tis: Tumor confined to mucosa; cancer-in-situ
Stage | T1 NO MO T1: Tumor invades submucosa
Stagel T2 NO MO T2: Tumor invades muscularis propria
Stage ll-A T3 NO MO T3: Tumor invades subserosa or beyond (without other organs involved)
Stage II-B T4 NO MO T4: Tumor invades adjacent organs or perforates the visceral peritoneum
Stage 111-A T1-2 N1 MO N1: Metastasisto 1-3 regional lymph nodes. Tl or T2
Stage l1I-B T3-4 N1 MO MN1: Metastasisto 1-3 regional lymph nodes. T3 or T4
Stage II-C Any T, N2 MO MN2: Metastasisto 4 or more regional lymph nodes. Any T
Stage IV Any T, any N, M1 M1: Distant metastasis. Any T, any N
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has been demonstrated to correlate with BRAF mutations and MSI***, Also, these
tumors are known to express immune checkpoint molecules such as the programmed
death ligand 1 (PD-L1), cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), and
LAG3 by which they can escape immune surveillance*.

N

Immune infiltration and [ —— S : EMT, angiogenesis,
__activaton WiNTsndMMCactvation  Metabolcdysregulation stromalinfiltration

Immune activated Immune desert Immune excluded Immune inflamed

Poar intratumaral immune Low intratumaral immune
cells cells

CXCLO, CXCL1D, CXCL13 iR CNCLS VESH,

complement components
HLA-f and HLA-II Pant HEdwnd HEA HLA- and HLA-II HLA- and HLA-II
expression
High Immuns che:k.point POO¥-Jminun® chiscspisiot Immune checkpoint inhibitors Immune checkpaint inhibitors
inhibitor expression inhibitor expression

High necantigen load

Figure 3. CRC tumors classification into four CMSs. The table displays the main characteristics of the CMSs, reflecting
most of their significant biological differences in gene expression and intra-tumoral immune phenotype. Image from*

* CMS2 (Canonical subtype)

CMS2 subtype is known as the “canonical” and it includes 37% of all CRC cases. The-
se fumors display epithelial markers, a high ratio of CIN and hyperactivation of the
signaling pathways WNT and MYC*. CMS2 is the so-called “immune desert” because
of the slight amount of intra-tumoral monocytes, myeloid cells, and lymphocytes. The
modest number of immune cells present, are naive T or B cells and resting NK cells,
which are not able to participate in antitumor immunity. In consonance with this, they
present poor expression of genes encoding for T cell activation, chemotaxis, and anti-
gen presentation as well as of PD-1 and PD-L1%4

* CMS3 (Metabolic subtype)
CMS3 corresponds to only 13% of all CRCs. It is also known as the “metabolic” subtype
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due fo extensive alterations in many metabolic pathways. They often present KRAS
gene mutations and low CIN and CIMP status. In addition, there is expression of HLA
I and II, and although enriched in PD-1 expressing cells as well as T,17 and naive B
and T cells, there is no active immune microenvironment, thus, are considered “immu-
ne excluded”*,

* CMS4 (Mesenchymal subtype)

CMS4 represents 23% of all CRC fumors. It is characterized by CIN status and EMT
phenotype associated with the TGF-f pathway, stromal infiltration, and angiogene-
sis*, CMS4 tumors are highly infiltrated by CD8* and CD4* T cells as well as by mye-
loid cells, resting DCs, monocytes, and activated NK and DCs. Despite this immune
infiltration, these cells are at lower levels than in CMS1 tumors, while Treg infiltration is
higher. This immune landscape favors tumor growth by immunosuppression and an-
giogenesis through factors like TGF-B, CXCL2, and vascular endothelial growth factor
(VEGF) that are typically secreted by Tregs, endothelial cells, and fibroblasts, which
are abundant in CMS4 tumors. Even if immunosuppressive factors are present, HLA
I and II and immune checkpoints are still expressed*. Moreover, patients with CMS4
tfumors are commonly diagnosed at advanced stages (stages III and IV) with worse
overall and relapse-free survival ratios*.

Still, due to mixed features, 13% of CRCs cannoft clearly be classified into any CMS. This
may be due to a transition phenotype or intfratumoral heterogeneity*.

Patients’ prognostic is different according tfo fumors’ molecular subtype being those
harboring CMS1 and CMS4 fumors are the ones with the best and worst prognoses, res-
pectively. Nowadays, the translation of the CMS classifier intfo preclinical models pre-
sents a lot of potential, especially regarding drug discovery and sensitivity studies***’.
This is encouraging many groups to keep up their continued efforts fo improve the
CMS system translation into the clinics*® Classifying patients based on their molecular
characteristics may offer different subgroups, each, prone to receive new treatments
together with candidate targetable pathways**¢. Kwon et al, demonstrated retrospec-
tively that the CMS can be used as a prognostic factor for stage III CRC patients that
received FOLFOX as adjuvant chemotherapy*’. Also, Louis Vermeulen’s lab established
an immunohistochemical-classifier based on FRMD6, ZEB1, HTR2B and CDX2 staining.
These markers in combination with cytokeratin and MSI profile, facilitate patients’ clas-
sification into the four CMS*°, These findings highlight the great potential of CMS clini-
cally, although there is a need for greater confidence in the CMS classification®.

1.6 CRC MANAGEMENT

Since this project is aimed at the study of possible biomarkers in the setting of mCRC,
this section will be focused only on metastatic disease. Over the last decade, the com-
pleted clinical trials have demonstrated an improvement in the survival of mCRC pa-
tients, mainly due to the advances toward an accurate diagnosis and staging, better
surgical approaches as well as a more personalized tfreatment by using biological the-
rapies targeting specific tumor features®*2

1.6.1. Surgery

In the context of stage IV metastatic CRC, primary tumor removal depends on the pa-
tient’s symptomatology. When the tumor causes a perforation or complete bowel obs-
fruction or severe bleeding, resection is indicated. If it’s asymptomatic, it will depend
on the resectability of the metastases. If this is the case, it is more common when the
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metastatic site is the liver*. Only 10-20% of CRC patients diagnosed with liver metas-
tases are candidates for metastasis resection from the beginning. In some situations,
with good responses to systemic chemotherapy, the option of resection appears. The
criteria for potentially curative resection are based on the absence of tumor at margins,
a minimum of 20-40% liver remnant, and functional vascular inflow and vascular/biliary
outflow®*. Unlike the liver, lung metastases barely are the only site of disease spreading.
Therefore, a pulmonary metastasectomy usually depends on the therapy outcome of
the other metastatic sites®™. Patients with peritoneal metastases are usually the ones
with the worst prognosis, although they can receive cytoreductive surgery which con-
sists of the removal of all visible tumors. Cyftoreductive surgery and hyperthermic in-
tra-peritoneal chemotherapy are the standard care in peritoneal malignancies®®’.

1.6.2. Metastatic disease management

Around 20% of CRC patients are diagnosed with metastatic disease, while almost 50%
of patients will develop metastasis after a primary tumor in the colon or rectum was
diagnosed. The most frequent site of distant disease is the liver (50%), followed by the
lungs (20%), peritoneum, and pelvic abdominal lymph nodes, which are usually combi-
ned with liver metastasis®*%*. In the last decades, the survival of metastatic patients
has improved to a median OS of 30 months®®®., This is due to the implementation of
new freatments, the improvement in surgical procedures, and the accessibility to some
local ablative treatments (LAT). Factors such as patient characteristics or the tumor’s
molecular profile may influence the choice of a successful first-line treatment>*® Figure
4.

FOLFOXIRI +

bevadczumab
or

CT doublat +

bevadzumab

BRAF MUT

CT doubilet +

CT doublet + CT doublet + | | bevacizumab
ant-EGFR bevacizumab or

FOLFOXIRI +/-

bavaczumab

Figure 4. First-line treatment algorithm for unresectable mCRC®®,
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The chemotherapeutic first-line freatment backbone combinations are the intfravenous
FOLFOX or FOLFIRI (leucovorin/5-fluorouracil plus irinotecan) regimens. The addi-
tion of targeted therapies has improved patients’ clinical outcomes. They consist of
monoclonal antibodies such as bevacizumab (anti-VEGFA) and cetuximab/panitumu-
mab (anti-EGFR) (see section 1.6.5). At the time of first-line freatment failure, which
happens to approximately two-thirds of patients, a second line is offered. It consists
of a shift of the backbone given in the first line, and most of the time, a change in the
targeted therapy. If the patient progresses to the second line of treatment a third line
can be given, exploring new treatment combinations always aiming at improving the
patient’s performance status and overall quality of life*'%*2 Recently, the approach
of rechallenging a tumor with a previously given treatment after its withdrawal has
shown promising results, like with the anti-EGFR targeted therapy. The idea is to target
again a possible clonal population of KRAS-wild type (WT) cells that expanded during
the withdrawal®.

1.6.3 Types of treatments:
DRUGS USED IN FIRST-LINE AND ONWARDS:
Cytotoxic chemotherapeutic agents

Chemotherapy consists of a systemic freatment aimed at stopping proliferation and
promoting dead of cancer cells. However, its effects are non-specific as they also tar-
get dividing normal cells, which leads to many side effects, such as neutropenia, diarr-
hea, neurologic damage, or immunosuppression among others®. As previously mentio-
ned in paragraph 1.6.4, the main chemotherapeutic drugs used in CRC treatments are
fluoropyrimidines (mainly 5-FU), irinotecan, and OXA®“.

- Fluoropyrimidines

5-Fluorouracil (5-FU) is an inhibitor of the enzyme thymidylate synthase (TS). Since
it was developed in the 1950s, it represents the base for both adjuvant and metasta-
tic chemotherapy in CRC treatment. TS enzyme methylates deoxyuridine monophos-
phate (dUMP) to form deoxythymidine monophosphate (dTMP) thus representing an
important enzyme in thymidine de novo synthesis which is essential in the replication
and repair of DNA*>®¢, When TS is inhibited by 5-FU active metabolites, there is a
deficit of the nucleotide thymidine, blocking DNA synthesis and leading to apoptosis
in rapidly dividing cancer cells. To enhance its effects, 5-FU is offen administered in
combination with folinic acid (leucovorin)®>¢’. Capecitabine is a pro-drug that once
absorbed is converted intfo enzymatically active 5-FU. In the case of elderly mCRC
patients who are unsuitable to receive combination treatment, it is given as an alter-
native to infravenous 5-FU. Both drugs revealed equal survival rates in combination
with other cytotoxic agents®+¢®

- Oxaliplatin
OXA is a platinum drug. These compounds are the most widely used chemothera-
peutics in the treatment of diverse types of cancers. They are characterized by the
formation of DNA adducts through inter- and intra-strand cross-linking, and chelate
formation, inhibiting DNA synthesis, replication, and transcription processes and ul-
tfimately causing cell death. Cell sensitivity to OXA is influenced by the cellular capa-
city on repairing these adducts. Some of the mechanisms involved in OXA resistance
are: a decrease in cellular uptake/increase in cellular efflux or alterations in DNA
repair pathways (base excision repair [BER] system, nucleotide excision repair [NER],
double-strand breaks repair and DNA MMR mechanisms among others) have been
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indentified®”®?’°, OXA was approved in the early 2000s, and in combination with 5-FU
and leucovorin, improved CRC patients’ survival™.

- Irinotecan

Irinotecan is a Camptothecin derivative (a natural compound from a Chinese orna-
mental tree) that inhibits topoisomerase 1. After injection, Irinotecan is rapidly hy-
drolyzed into its active metabolite SN38, in the liver and plasma. SN38 binds to the
DNA-Topo I complex, inhibiting cell replication and producing double-stranded clea-
vage within the molecule, thus causing cell death. These processes occur during the
DNA synthesis phase (S phase) and irinotecan is therefore considered to be a cy-
cle-specific drug’ Irinotecan was approved for CRC treatment in the late 1990s, right
before OXA, and in combination with 5-FU and Leucovorin, FOLFIRI, is part of the
standard of care today in CRC.

Targeted drugs

Besides chemotherapy, biological targeted agents are used in the mCRC treatment. These
targeted therapies, unlike chemotherapy, are specific agents directed to a subset of pa-
fients with defined biological cancer features. They include monoclonal antibodies against
EGFR (cetuximab and panitumumab) and against VEGF (bevacizumab). There are more
biological agents that target these pathways, however, cetuximab, panitumumab, and
Bevacizumab are the only ones approved (to date) for first-line mCRC treatments.,

- Monoclonal antibodies against EGFR (cetuximab and panitumumab)

Overexpression of EGFR is a hallmark of many epithelial cancers, including CRC”. This
feature is associated with reduced survival and increased risk of metastases. Both
cetuximab and panitumumab, block this receptor and have proven their efficacy in
patients that did not respond to chemotherapy combinations®*#*!, They are indicated
in first-line mCRC patients combined with chemotherapy in KRAS WT tumors’*: KRAS
is a downstream effector of the EGFR pathway and when it is mutated (42% of CRC
patients), it is constitutively active and evades the anti-EGFR effect. Moreover, before
the administration of either of the monoclonal antibodies, the National comprehensi-
ve cancer network guidelines, recommend genotyping not only for KRAS but also for
neuroblastoma RAS viral oncogene homolog (NRAS) and BRAF™.

- Monoclonal antibodies against VEGF-A (bevacizumab)
VEGF-A is a key glycoprotein that binds the VEGFR in the cell membrane and stimula-
tes signaling cascades promoting vascular permeability, endothelial cell proliferation,
and angiogenesis. The high metabolic rate of growing tumors makes them highly de-
pendent on nutrients and oxygen which is facilitated by the generation of new vessels,
a process called angiogenesis™”’. Bevacizumab (Beva) binds to circulating VEGF-A
avoiding its binding fo VEGFR and its further activation. That is why these drugs are
called antiangiogenics. They reduce vascular growth subsequently limiting the blood
supply to the tumor and ultimately, its growth. Several studies have demonstrated
that the addition of Beva to both combinations of FOLFIRI and FOLFOX, improves
progression-free survival (PFS) in mCRC patients’®78-8,

Guidelines regarding first-line freatment extent, recommend following patient’s perso-
nal situation, toxicities and disease aggressiveness. Based on these, stop-and-go as
well as intfermittent freatment and maintenance freatment (5-FU with or without Beva)
have emerged as individualized strategies openly discussed with the patient.



Immunotherapy with checkpoint inhibitors

At this point, immunotherapy emerges aiming to improve or re-establish the immune
system’s ability to fight the disease. Due fo its ability fo target neoantigens, the adap-
tive immune system plays a much more significant part in the immune response to
cancer cells. Based on this, diverse methods of immunotherapy have been developed,
always seeking to get a better adaptive immune function against cancer. Some im-
mune therapies are vaccines, monoclonal antibodies that target immune checkpoints
and cytokine administration®#2, Also, prognosis and outcome are associated with the
presence and type of fumor-infiltrating immune cells. Thus, infiltration of cytotoxic and
effector memory T cells correlates with better survival of cancer patients®#4,

Usually, malignant cells present abnormal antigens on the surface by the major his-
tocompatibility complex-I (MHC-I) leading to recognition and aftack by the immune
system. However, cancer cells may develop the ability to downregulate MHC-I mole-
cules that fogether with other strategies lead to the omission by the immune system.
For instance, cancer cells may also express PD-L1 and PD-L2 on the cell surface, which
are ligands of T cell immune checkpoint receptors, PD-1. Their binding results in the
inactivation and exhaustion of T cells®®. Another important checkpoint exists between
antigen-presenting cells (APCs) and T cells, namely CTLA-4. CTLA-4 is expressed on ac-
tivated T cells, and inhibits directly the T-cell receptor (TCR), causing a reduced ability
to interact with the APCs and therefore blocking the downstream cascade (T-cell matu-
ration, proliferation and effector function)®. Immunotherapy’s goal consists of trying
to reawaken the antfi-tumor response from the immune system, by blocking these inte-
ractions and avoiding tumors’ escape from T cell detection, favoring tumor clearance,
and immunosurveillance®¥,

In general terms, CRC is considered a cold tumor, with very little immune infiltration;
in consequence, these therapies have proved unsuccessful in the majority of patients.
However, a subgroup (around 4-5%) of mCRC patients whose tumors are characteri-
zed by a high mutational burden, MSI-H or dMMR have been shown to benefit from
immune checkpoint inhibitors. In this context, there is a phase I1I trial, the Keynote-177
(NCT02563002), which is active, although not recruiting. It is an international, open-la-
bel, randomized study in dMMR/MSI-H mCRC patients that compared pembrolizumab
monotherapy to a control group receiving standard chemotherapy as first-line treat-
ment. The PFS resulted in 16.5 months vs. 8.2 months respectively. Additionally, with a
less restrictive and simpler administration schedule than chemotherapy, patients trea-
ted with pembrolizumab displayed a better quality of life. Pembrolizumab was also as-
sociated with reduced mortality (HR=0.74; p=0.036), although it did not reach statistical
significance criteria (p<0.0246)%*%°, Together with Pembrolizumab, Nivolumab, another
PD-1 blocker, and Ipilimumab a CTLA-4 inhibitor, have shown beneficial effects in these
MSI-H patients®#:9-92 pembrolizumab is approved in first-line treatment and Nivolu-
mab and Ipilimumab in refractory disease in dAMMR/MSI-H metastatic patients’*%%,

DRUGS SPECIFICALLY USED FROM SECOND-LINE TREATMENT ONWARDS:

Second-line freatment is approximately administered to two-thirds of mCRC patients
and will depend on the previous treatment, organ functions and patient performan-
ce status scale (ECOG). In these settings, aflibercept (recombinant fusion protein that
binds to VEGF-A and B preventing VEGFR activation) or small-molecule-based kinase
inhibitors such as regorafenib and ramucirumab that target multiple pro-angiogenic
growth factors have shown good results in chemorefractory mCRC>%%%, As the knowle-
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dge about tumor molecular abnormalities increases, new treatment possibilities arise,
especially in second-line treatments and beyond*®>®. For instance, some tumors harbor
HER2 amplifications (3% of the cases) and BRAF V600E mutations (10% of the cases)
that can be treated with anti-HER2 or -BRAF V600E drugs, respectively. For instance,
interesting results have been reported from clinical trials targeting HER2 amplifications,
with trastuzumab-lapatinib and trastuzumab-pertuzumab therapies®. Also, recent evi-
dence has proven that in BRAF-mutated patients, a triple regimen of EGFR, BRAF, and
MEK inhibitors (encorafenib, binimetinib, and cetuximab) offered significantly better
survival benefit®,

1.6.4 Treatment resistance

Despite the advances in the clinical management of CRC patients, the 5-year survival
rate in the metastatic disease is hardly above 12%. This is mostly due to the develop-
ment of resistance to (almost all) treatments™. The Pharmacokinetics of the drugs
is essential for systemic treatment since they must successfully reach the tumor cells.
Impaired delivery of the drugs caused by alterations in processes such as absorption,
distribution, metabolism, and excretion are needed to be taken into consideration?°°,
Once the drugs reach the tumor cells, they can be infrinsically resistant or acquire resis-
tance during treatment. Cancer cells may become resistant to a single drug or to a com-
bination of drugs that share a similar mechanism of action, a phenomenon known as
mulfidrug resistance. The main studied mechanisms of resistance consist of alterations
in the fransport of the drug across the plasma membrane or DNA repair, expression
of growth factors, target molecules, and metabolic effects. Cellular transport of many
drugs is done in part by the ATP-binding cassette (ABC) proteins. These ATP-dependent
efflux pumps, lower the intracellular drug concentration keeping it below cell-killing le-
vels!®, Overexpression of ABC transporters, such as P-glycoprotein (Pgp, also known as
ABCB1 or MDR1), is a known mechanism implicated in multidrug resistance (MDR), in
vitro and in vivo'®. In addition, this mechanism has a vast drug specificity, sustaining
the MDR'°. Another common mechanism of therapy resistance consists of defects in
the apoptotic pathway. The p53 protfein is an important regulator of apoptosis, indu-
cing cell cycle G1 arrest, by preventing tumor cell replication affer sensing genotoxic
stress known as p53-mediated cell death. CRC tumors, often present mutations in p53,
mostly resulting in a gain of function, a mechanism that has been related to resistance
to DNA-damaging drugs °°°2, Furthermore, the upregulation of alternative signaling
pathways is another mechanism of resistance. In this regard, we reported in a previous
work that CRC cell lines with acquired resistance to oxaliplatin had a hyperactivation
of the NF-kB pathway'®. As a consequence, these resistant cells overexpressed and
secreted high amounts of some CXC chemokines including CXCL1, CXCL2, and CXCLS8.
Interestingly, the inhibition of this transcription factor with curcumin and the silencing
of CXCL1 and CXCL8 genes resulted in the reversion of the resistance phenotype'*.

In the case of targeted drugs, mutations in KRAS gene leads to constant activation of
the RAS-RAF-MEK-ERK pathway, conferring resistance to anti-EGFR therapies. Recent-
ly, it has been described the emergence of mutations in RAS genes during cetuximab
or panitumumab treatment as a mechanism of resistance acquisition. In fact, RAS WT
patients may present one or more mutations in the MAPK pathways when resistance
appears®. In this regard, some preclinical studies have shown how the addition of MEK
inhibitors to anti-EGFR treatment reverts the acquired resistance to anti-EGFR drugs'®.
Also, when V600E mutation is present in the BRAF gene, cancerous cells are unres-
ponsive to EGFR-directed therapies, which usually translates into worse survival**?,
Another known mechanism for CRC cells to become resistant to anti-EGFR therapies is
through the HER2 pathway. The CRC cells take advantage of the HER2 pathway as a



sidestep signaling pathway, avoiding the anti-EGFR therapies?®.

The identification and implementation of resistance biomarkers is aimed at improving
tfreatment outcomes of CRC patients as they may help guide oncologists in choosing
the best treatment schedules and avoiding freatments with non-effective drugs, thus
saving money and patients from toxicity with no clinical benefit?!®,

1.6.5 Prognostic and predictive biomarkers in CRC

The term biomarker is defined by the NIH as a biological molecule found in blood, other
body fluids, or tissues that is a sign of a normal or abnormal process, or of a condition
or disease!®. In the past years, molecular and biological characterization of CRC has
become essential in the management of this disease. Consequently, CRC-sensitive and
specific biomarkers have arisen as crucial for CRC detection, prevention, diagnosis,
and treatment. Nevertheless, their translation into the clinics is quite complex and all
biomarkers must undergo clinical validation before Food and drug administration (FDA)
Gpprovops,lozlos'

In clinical studies, when it comes to the evaluation of therapeutic benefits, discerning
the prognostic and predictive value of biomarkers becomes a challenge. This comple-
xity arises from the search for therapy effectiveness in patients displaying poor survi-
val with standard treatments®™. In CRC management, the prognostic-predictive tissue
biomarkers used are MSI high, KRAS/NRAS, and BRAF mutations. In stage IV CRC
MSI-high is considered a predictive marker of immunotherapy benefit® %, As explained
above, MSI-high tumors have a high mutational burden (TMB) which is a synonym of
neoantigens and activated cytotoxic and lymphocyte infiltration, resulting in a strong
antitumor immune response™%?,

As previously explained in section 1.6.5, patients that do not harbor any mutation in
KRAS and NRAS genes may benefit from anti-EGFR addition to chemotherapy?-*1,
BRAF V600E mutations are a bad prognostic factor in stage III and IV CRC patients. At
the same time, it is a predictive biomarker of response to BRAF inhibitors. Recently, the
BEACON study showed that BRAF mutated mCRC patients could benefit from doublet
or triplet BRAF, EGFR, and MEK inhibitors"2 Several studies have shown that the sided-
ness of the tumor is also a prognostic-predictive marker'®, RAS-WT right-sided CRCs
present a worse prognosis than left-sided and do not show any benefit from anti-EGFR
therapy; in this sefting, a more aggressive treatment based on chemotherapy friplets
could be used*, Along with these biomarkers, HER-2 amplification has lately emer-
ged as a predictive biomarker of response to anti-HER2 therapies. In addition, these
amplifications may also predict inefficacy and resistance development to anti-EGFR

therapies™™.

Although there has been a great advance in the use of biomarkers for CRC, new pros-
pective studies are still necessary to validate new candidates. Blood tests are well esta-
blished in clinical practice and therefore, blood-based markers seem convenient based
on reproducibility, objectivity, and simple quantification, and are relatively low-priced.
Unfortunately, blood-CRC biomarkers still show low sensitivity and specificities as is the
case of the carcinoembryonic antigen (CEA), associated with other types of cancers,
and carbohydrate antigen (CA) 19-9, which has shown inconsistent results in CRC diag-
nosis, tfreatment monitoring, and tumor surveillance®* A novel strategy consists of
multivariate classification models, which measure numerous biomarkers and calculate
the probability of having the disease. Interestingly, a panel of 15 diagnostic biomarkers
did discriminate better between CRC patients and healthy subjects when compared
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to single markers'®. There are numerous additional biomarkers that show promising
results but a few are being franslated into the clinics. For instance, noninvasive bio-
markers for early diagnosis such as circulating tumor cells (CTCs) and circulating tumor
DNA (ctDNA) . Both are easily isolated from patients’ plasma or liquid biopsies and
may add valuable information to advising clinical decisions'®. Reece et al, demonstra-
ted that ctDNA may help to assess surgical tumor clearance, choose an appropriate
treatment, and monitor its response’*?', Although these results are very promising,
their implementation will remain a challenge until there is a worldwide standardization
of these methods and technology. Surely, these needs will be met, and liquid biopsy
tfogether with newly approved biomarkers will bring patients closer to an effective per-
sonalized treatment.

2. CANCER AND IMMUNITY

The first signs of the immune system’s involvement in cancer control can be followed
back over a century'? Yet, in the past two decades, definitive recognition of the tu-
mor-immunology field arose. It was mainly due to the demonstration of two essential
concepts that explained adaptive immunity’s role in fumors: immunosurveillance and
immunoediting!®124, The cancer immunosurveillance process functions as a pofent tu-
mor suppressor mechanism, although it is only one piece of the infricate relationship
between the immune system and cancer!®%, In the event of an unsuccessful response
fo tumor elimination by the immune system, those fumors with diminished immuno-
genicity may arise, escaping immune recognition and elimination!?*12, This duality of
host-protective and fumor-promoting functions is named “cancer immunoediting” (see
section 2.1)124125127 Together with the demonstration of these two concepts, numerous
studies with encouraging results on how the immune system controls and contributes to
disease progression, were obtained. Likewise, on its power to neutralize, counteract and
possibly defeat the disease, for instance, the first FDA-approved vaccine against pros-
tate cancer (2010), the first FDA-approved anti-CTLA-4 for melanoma in 2011 as well
as anti-PD-1 as first-line treatment in lung cancer (2015)%2. As a result of the numerous
advances in the fumor immunology field, the definitive recognition was achieved with
the Nobel Prize in Physiology or Medicine 2018 awarded to James P. Allison and Tasuku
Honjo for their contributions to cancer therapy by the inhibition of T cells negative re-
gulation. In fact, the action of innate and adaptive immunity affects the development
of pre-cancerous and cancer stages Figure 5%,

Although the specific underlying mechanisms remain to be clarified, it is accepted that
several immune and immune-derived factors have a role in the onset and progression
of cancer. For instance, chronic inflammation acts as a niche-promoting carcinogene-
sis!®? gnd it is considered one of the 8 hallmarks of cancer (Figure 6, left)!°. Pro-in-
flammatory and chemoattractant factors are released by malignant cells promoting
immune cell infiltration#-*! and reprogramming resident fibroblasts info cancer-as-
sociated fibroblasts (CAFs). These CAFs stimulate tumor cell growth and angiogene-
sis and recruit immune cells such as neutrophils, macrophages, and lymphocytes to
the TMEB#%4 arranging the perfect setting for the disease®s. Primary tumors’ immune
landscape depends on the tissue of origin, epigenetics, host’s gut microbiome, genetic
background and mutations as well as on the environmental conditions®®%. The com-
bination of all these factors will determine the disease progression and the response to
freatmenti4014l,
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and are supported by an increasing number of publications. Figure from?!#

2.1. IMMUNOEDITING

The dynamic process by which the immune system can both limit and promote tumor
development is called immunoediting. It consists of three phases termed elimination,
equilibrium and escape (Figure 7). Immunosurveillance consists of the initial process in
which immune cells recognize and destroy fumor cells. From the oncogenic transforma-
tion, cancer cells express neoantigens that are released at the time of fumor cell death.
These neoantigens are captured by antigen-presenting cells, commonly type 1 dendritic
cells (cDCl1s)"** driving priming and activation of T cell responses, possibly at the tertiary
lymphoid structures (TLSs)'*®, always together with a cocktail of costimulatory signals
and cytokines!#. This represents a critical step, in which specific factors and parame-
ters can bend the balance fowards either anti-tumor effector T cells or pro-tumor Treg
cells¥.
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Figure 7. Cancer Surveillance and Immunoediting. Cancer immunoediting involves three sequential
stages: elimination, equilibrium, and escape. During elimination, innate and adaptive immunity collaborate
to eradicate developing tumors. If fully completed, the host lives free of cancer and with elimination, im-
munoediting would be completed. However, some singular cancer cells may remain undetected, entering

the equilibrium phase, which basically consists of avoiding cancer outgrowth by immunologic mechanisms.
At this poinft, recognition or effector functions by innate immunity are not needed, only adaptive immunity.
Again, concluded immunoediting would arise if the equilibrium phase is able to hamper the tumor outgrowth
during the host lifetime. Nonetheless, there is constant pressure on the immune system caused by genetically
unstable tumor cells which, after not being recognized, may then access the escape phase, where outgrowth
is no longer prevented by immunity, causing within time clinically apparent disease. Figure slightly modified
and adapted from!%,
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Elimination is followed by the equilibrium phase, in which the immune system repea-
tedly selects and/or promotes the appearance of fumor cells with the ability to survive
the immune system’s aftack. This phase is characterized by constant proliferation and
mutation that eventually favors tumor escape from the immune response®212125 This
ability of fumor cells to coexist with the immune system and survive is another of the
hallmarks of cancer®. Equilibrium is acknowledged to be the longest of the phases
and could last for years®®, The third phase of the immunoediting process is tumor
escape or evasion. Cancer cells may grow and metastasize due to failing control and
elimination by the immune system. This fact may be facilitated by the tumor-induced
suppression of the immune system as well as by genetic acquisitions. One well-known
mechanism is the expression of immune checkpoint molecules (PD-L1, PD-1, B7-H3 or
Tim-3 among others) on the surface of cancer cells (like normal cells do); when these
molecules bind to their corresponding proteins in effector T cells, the latter become
anergic and unable to attack the fumor cells. This ability to evade immune attack is
again considered a hallmark of cancer pathogenesis®!4¢ (Figure 7).

The “immune contexture” concept is defined by the nature, immune functional orien-
tation, density, and location of the tumor-immune infiltrate!#?. It was originally esta-
blished in CRC, although over time its application has expanded to many different
solid cancers®™-1%2, This immune “contexture” was essential in the development of the
Immunoscore. It is an immunohistochemistry (IHC)-based assay which defines hot
(inflamed) and cold (non-inflamed) tumors together with prognostic information ba-
sed on the presence/absence of CD3* and CD8* in specific regions (center and invasive
margin) of the tumor!#l. A recent worldwide validation confirmed that the consensus
Immunoscore holds prognostic value superior to that of the AJCC/UICC-TNM staging
system!®, Important players in that immune “contexture” are chemokines; these cyto-
kines act as chemoattractants not only of the immune cells but also of the endothelial
and fumor cells. Thus, they may influence the fumor-stroma interactions eventually
affecting fumor cell growth, survival, migration, and angiogenesis, either suppressing
or promoting cancer aggressiveness. Moreover, chemokines have also been associa-
ted with resistance to chemotherapy in CRC?, ovarian®®, and breast cancer!*¢, among
others. Based on these and the fact that chemokines are the subject of study in this
thesis, in the following sections we describe the different roles of chemokines in the
fumor-stroma immune “contexture” and discuss their potential as therapeutic targets
as well as their value as prognostic and/or predictive biomarkers in CRC.

2.2 CHEMOKINES IN CANCER AND IMMUNITY

2.2.1 Chemokines structure

Chemokines are a subfamily of chemotactic cytokines that are classified based on the
position of the cysteine (C) residues on their primary amino acid sequence. There are
four main subfamilies: CC, CXC, CX3C, and C. As shown in Figure 8, the cysteine amino
acid residues are connected by disulfide bonds at the N-ferminus within the mature
protein, which corresponds to the chemokine ligand. These small proteins (8-10 kDa)
exert their biological function by binding fo their corresponding G-protein coupled re-
ceptors. This binding will modify the receptor’s conformation and turn on the respective
signaling pathway through the coupled G-protein activation. More than one ligand can
bind tfo each receptor and vice versal®1,
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They are secreted proteins whose main function is to atfract leukocytes and have cru-
cial roles in cellular, immune, and physiological processes, including development. The
latter may explain the reason why chemokines are so strongly conserved throughout
evolution't®2, Chemokines may exhibit different roles in inflammatory bowel diseases,
asthma, cancer, infections, arthritis and other disease processes. In the tumor microen-
vironment, tumor cells, immune cells, and stfromal cells may secret chemokines and
express their corresponding receptors8h158163-1¢5 Tn turn, these chemokines may affect
the migration of different immune cell subsets that will ultimately influence tumor fate.

2.2.2 Chemokines promoting pro-tumoral immunity

Some chemokines may favor fumor growth by promoting the migration of immune
suppressor cells and endothelial cells among others to the fumor microenvironment.
Historically, they have been named Angiogenic chemokines (Figure 9). In this case, the
immune cells recruited may inhibit antitumor immune responses induced by other im-
mune populations and may also promote and maintain cancer stemness and angioge-
nesis, leading to cancer progression. Angiogenic chemokines mainly afttract monocytic
and granulocytic myeloid-derived suppressor cells (MDSCs), IL-22 + CD4* T helper 22
(T,22) cells, IL-22 + innate lymphoid cells (ILCs), Treg cells, and plasmacytoid dendritic
cells (pDCs)!5816¢,
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- Recruitment of MDSCs.

MDSCs are a heterogeneous and immature (undifferentiated) cell population of mye-
loid origin. MDSCs play a role in tumor progression by downregulating antitumor im-
munity, mainly by impairing CD8* T cell responses and NK-mediated cytotoxicity. The
immune suppressive effects of MDSCs may also empower the tumoral cells with stem
celllike properties!®’-17%, Monocytic MDSCs (mMDSCs) express CC chemokine receptor
2 (CCR2), CXC chemokine receptor 2 (CXCR2) and CXCR4 and can be recruited to the
tumor microenvironment by the corresponding ligands CC ligand 2 (CCL2)¥+172) CXC
ligand 5 (CXCL5), and CXCL12, respectively. Granulocytic MDSCs (gMDSCs) present
CXCR1 and CXCR2 which mediate their degranulation and migrating through the CX-
CR1/2-CXCL8 signaling pathway. Tregs and myeloid cells also secret CXCL8, favoring
the recruitment of neutrophils info the fumor microenvironment”® and promoting tu-
mor angiogenesis and boosting fumor progression and metastasis!’374,

- Recruitment of T, 22 cells.

T,22 cells are a subset of CD4*T cells which under inflammatory conditions, overex-
press IL-22 leading to pathological changes and fumor progression'’®. They express
CCR6 and are therefore attracted by its ligand, CCL20 which is present in the tumor
microenvironment'¢, T 22-derived IL-22 promotes the activation of signal transducer
and activator of transcription 3 (STAT3) franscription factor, increasing the expression
of histone H3 lysine 79 (H3K79) methyltransferase DOT1LY® and of the H3K27 methyl-
tfransferase polycomb repressive complex 2 (PRC2). All together leads to increased
proliferation, and stem expression of stemness genes such as NANOG, SOX2, and
POU5F1176,177.

- Recruitment of Treg cells.

Classical Tregs are CD4* CD25* FoxP3 T cells, which down-modulate T cell antitumor
immunity by releasing soluble factors and by direct contact’®. This T cell-mediated
suppression may favor fumor growth and therefore is related to poor patient outco-
mest?®, Treg cells express CCR4 and are chemoattracted to the tumor microenvi-
ronment in response to its ligand CCL22 which is mainly secreted by macrophages
and tumor cells®®°, Tregs also express CCR10 and therefore migrate towards hypoxic
regions from the tumor microenvironment that are enriched in CCR10 ligand, CCL28,
High amounts of Treg cells are commonly found in the bone marrow of patients with
cancer®® facilitating immunological tolerance and tumor metastasis to this site. In
the fumor microenvironment, Treg cells have been reported to express inflammatory
cytokines, like CXCL8 and IL17% mediating T cell suppression and promoting in-
flammation.

- Recruitment of plasmacytoid DCs.

pDCs mainly inhabit and recirculate through lymphoid organs, where they represent
0.1%-0.5% of nucleated cells'®. They express integrin a5 (VLA5) and CXCR4, the latter
is responsible for their migration towards inflammatory sites such as tumors, where
high levels of its ligand CXCL12 are found. pDCs act locally, promoting fumor angio-
genesis and inflammation through the production of massive interferon I (INF-I) and
proinflammatory chemokines such as CXCL41#18, pDCs also induce T-regs to produce
IL10 leading to increased tumor progression and immunological tolerance!®é-188,
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Figure 9. Pro-tumor effects of chemokines. Among all immune cell populations, gMDSCs and mMDSCs, Treg cells,
IL-22 + CD4* T 22 cells, IL-22 + ILCs and pDCs are some known to promote tumor growth. These cells are recruited
to the tumor microenvironment in response to different chemokines. These pro-tumor immune cells are capable to
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- Recruitment of macrophages.

Macrophages originate from bone-marrow derived monocytes and their main func-
tions are killing microorganisms, removing dead cells and stimulating other immune
cells. Tumor-associated macrophages (TAMs) are one of the main tumor-infiltrating
immune cells and they are known fo fake part in the fumor microenvironment for-
mation®’. They express CCR2 and can be gathered at the tumor microenvironment
by CCL2-CCR2 signaling pathway!®, There is a positive correlation between CCL2
expression and the presence of TAMs which is usually associated with poor progno-
sist’2. TAMs may promote tumor growth, invasion and metastasis, they express inhi-
bitory B7 family members such as PD-L1 to inhibit TAAspecific effector T cells!?-1%4,
Furthermore, TAMs also favor chemoresistance!” and boost cancer stemness and

metastasisé?172189,
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2.2.3. Chemokines promoting anti-tumoral immunity

Those chemokines with anti-tumoral properties are called Angiostatic. They have been
shown to recruit T CD8*cells, natural killer T (NKT) cells, T,1, and polyfunctional T 17
cells to the tumor microenvironment through chemokine-chemokine receptor signaling
pathways (Figure 10).

- Recruitment of T, 17 cells.

T,17 cells are CD4* T cells with an essential role in inflammation and autoimmune di-
seases. Regarding fumor immunity, T,,17 has a dual function favoring but also inhibiting
fumor growth'?. They have high levels of CCR6, CXCR4, CD49 integrins and the C type
lectin like receptor CD161'97-2° which favor their migration and accumulation within
fumors and inflammatory tissues!?#1%9:201202. CXCL12, a ligand for CXCR4, and CCL20,
a ligand for CCR¥, are both present in the tumor microenvironment (TME), facilitating
T,17 trafficking. Once in the TME, T,17 will further recruit NK cells, CD8* T cells, and DCs,
favoring tumor regression!?19%.202203 CCRb6-expressing cells, -such as macrophages, and
B cells (discussed below), are also called up and once in the TME, they can initiate and
broaden the effector immune cells locally, promoting tumor regression'>® Figure 10.
CD8* T cells that are directed against specific TAAs, may induce anti-tumor immunity
by secretion of effector cytokines and cytotoxic molecules such as granzyme B or per-
forin among others, promoting apoptosis of cancer cells8384158197.204-206,

- Recruitment of myeloid DCs.

Myeloid DCs are a heterogeneous APCs population with proinflammatory or regulatory
properties depending on the TME?". They express CCR6 and may migrate intfo fumors
in response to CCL20 and induce fumor progression?&2%?, Nonetheless, CCL20 also pro-
motes the maturation of DCs at the TME, resulting in the inhibition of fumor growth?°
through the priming and activation of TAAspecific effector T cells?!.

- Recruitment of NK and NKT cells.

Both cell subsets are part of the innate immune system and share anti-tumor functions;
however, they display distinct dynamics and distributions along the disease progres-
sion. Interestingly, at early cancer stages both have effector activity, while in later
stages NKs become senescent while NKT cells are exhausted and therefore exhibit
defective cytotoxic capacities?? NKT cells are divided into two subtypes based on the
expression of their T cell receptor (TCR). Type I NKT cells present an invariant TCRa-
chain (Va24 in humans) and type II NKT cells have diverse TCRs?3. Type I NKT cells
mainly have anfitumor activities as they produce IFNy to activate more NK cells and
CD8* T cells. Besides the IFNy mechanism, NKT cells also activate DCs to produce IL-
12 favoring the antitumor activity?4. Type II NKT cells are less known than Type I but
they may recognize lipids by CD1d through their TCRs, and represent a different effec-
tor T cell population with both, protective and pathogenic immune-regulatory proper-
ties?¥215, Most NKTs express non-lymphoid homing or inflammation-related chemokine
receptors including CCR2, CCR5, and CXCR3%¢,

- Recruitment of T, 1 immune cells.

T,1 cells are CD4* helper T cells that when active, as NKT type I, secrete IFNy, showing
strong antitumoral effects in the TME?Y. These cells express CXCR3 whose ligands are
CXCL9 and 10. Increased levels of CXCL9 and CXCL10 are associated with increased
numbers of tumor-infiltrating immune cells and correlate with decreased levels of me-
tastasis and a better outcome for patients?84.204-206,
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Figure 10. Tumor immunity promotion by chemokines. Recruitment of immune cells with antitumor activity, like
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- Recruitment of B cells.

The antitumoral role of fumor-infiltrating B lymphocytes (TIL-Bs) prevails controver-
sial as they may exert different functions depending on their type and developmental
state. Also, the majority of studies have focused on cellular response and the role of T
cells, and, as a consequence, the clinical relevance is mostly associated with the T-cell
linage?8-220, A useful marker to differentiate B cells is CD20, also known as B cell surface
marker?. It is expressed in tumor-infiltrating B cells (TIBs) from early o late stages of
differentiation (naive and memory B cells) and it is downregulated, as they differentia-
te into plasma cells (PCs)?%2. TIBs express CXCR4 and may be aftracted to the tumor
microenvironment by CXCL12. They can also be found in tumor-associated TLS being
attracted by CXCL13?2224, When infiltrated in fumors they increase T cell responses by
producing antibodies, cytokines, and chemokines, and may act as APCs, which has
been associated with better survival??-2?, Regulatory B cells?® are a subset of B cells
that are recruited intfo the TME and that also display different roles in tumor immunity
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and tumorigenesis. Some studies have reported that regulatory B cells may negatively
regulate fumor immunity and promote tumor progression via IL10, IL-35 and fransfor-
ming growth factorf (TGF-B), inducing tumor angiogenesis, decreasing CD4 and CD8
effector T cells response and recruiting fumorpromoting immune cells?7-252,

To sum up, a wide variety of chemokines play a role in the recruitment of immune cells
info the TME through the corresponding chemokine-chemokine receptor signaling. The-
re, these immune cell populations are able to target both, fumor and stromal cells and
either promote or abrogate tumor growth.

Given that this project is focused on the CXC family of chemokines, the following sec-
tions will review their roles in tumor growth and progression as well as in response and
resistance to freatment, specifically in CRC.

2.2.4. The CXC family of chemokines

CXC chemokines are composed of 17 members of which CXCL15 is only present in mice
and not in humans?3, The CXC chemokines nomenclature is “CXCLXx”, where the L re-
fers to “ligand” and the x stands for a number. As explained before (see section 2.2.1),
CXC chemokines share a common structure and chemotactic activity’®. Interestingly,
although CXCL17 is certainly chemotactic, from the structural point of view, it does not
follow the classic CXC-type cysteine archetype and therefore, its belonging to the CXC
family is discussed?,

EFFECT ON THE RECRUITMENT AND

D;:':::" ALT;R;:;WE RECEPTOR ACCUMULATION OF CELLS INTO THE SR Of‘:?zﬁ;g:EH =
TUMOR NICHE
CXCL1 GRO-a CHCR2 MDSC, MSC, TAN, Treg Angiogenic
CXCL2 GRO-B CXCR2 MDSC, TAN Angiogenic
CXCL3 GRO-y CXCR2 TAN Angiogenic
CXCL4 PF-4 CXCR3 TIL, Treg Angiogenic
CXCLS EMA-T8 CXCR2 MDSC, TAN Angiogenic
CHCLE GCP-2 CXCR1, CXCR2 TAN Angiogenic
CHCLT NAP-2 CXCR2 TAN, TAM Angiogenic
CHCLE IL-8 CXCR1, CXCR2 MSC, TAM, TAN, MDSC Angiogenic
CXCL9 MIG CXCR3 TIL, Treg Angiostatic
CXCL10 IP-10 CXCR3 TIL, Treg Angiostatic
CXCL11 |-TAC CXCR3, CXCRY TIL, Treg Angiostatic
CXCL12 SDF-1 CHCR4, CXCR7 MDCS, MSC, TAM, TAN, Treg Angiogenic
CXCL13 BCA-1 CXCR3, CXCR5 MDSC, Treg Angiostatic
CXCL14 - Unkown CAF, TIL Angiostatic
CXCL16 - CXCRB, mCXCL1G MS5C, TAM, TIL Treg Angiogenic
CXCL17 VCC-1 CHCRE MDSC Angiogenic

Table 2. List of human CXC chemokines, their CXCR binding receptors, and some of their angiogenic/an-
giostatic effects on selected cancer processes. CAFs-cancer-associated fibroblasts; mCXCL16-fransmembrane
CXCL16; MSCs-mesenchymal stem cells; TANs-tumor-associated neutrophils. Table, slightly modified from?3
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CXC chemokines are classified as angiogenic or angiostatic depending on the presence
(angiogenic) or absence (angiostatic) of the glutamic-leucine-arginine (ELR) motif at
the N-terminal (Table 2). After binding to their corresponding CXCR, which in most ca-
ses is a 7-transmembrane G protein-coupled receptor, the latter is generally internalized
by virtue of clathrin-mediated endocytosis, activating the coupled G protein, changing
their conformation and initiating the corresponding signaling pathway®®%#5, Afterward
is degraded or recycled into the plasma membrane (Figure 11). The unique exception is
the CXCR7/ACKR3 which is classified as an atypical receptor as it is coupled to B-arres-
tins and not to the classic G protein®¢, As shown in Table 2, the same receptor can bind
to different chemokines, and vice versa?®,
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Figure 11. CXCL and CXCR regulatory mechanisms. CXCL binding to the CXCR, which is located at the cellular
membrane. Followed by CXCR infernalization and signal fransduction at the nucleus. Consequently, after the interna-

lization, it gets degraded or recycled at the plasma membrane. Figure from®®

2.2.5. CXC chemokines and their receptors role in CRC

Considering that chronic inflammation is one of the main risk factors for CRC™®, count-
less pieces of evidence demonstrated that CXC chemokines and their receptors parti-
cipate in most stages of CRC development. Also, there is scientific evidence regarding
their possible role in response to therapy and chemoresistance. We published a review
in 2018 that addressed most findings in the field (Annex I). In the following sections,
the role of the different axes in CRC pathogenesis, as putative prognostic and/or pre-
dictive biomarkers and as drug target candidates are discussed®?%’,

CXCR1 and CXCR2 axes:

The CXCR1/CXCR2 axis is the most extensively investigated pathway in cancer. CXCL1,
2, 3,5, 6,7 and 8 are all angiogenic chemokines, which share the same receptor,
CXCR2. Several reports have demonstrated the upregulation of all these chemokines
in CRC and their participation at different stages of the disease!®*2#240, For instan-
ce, CXCL1 facilitates cell seeding and distant metastasis outgrowth?. It has been
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reported to promote cancer cells’ proliferation, migration, and invasion, as well as
resistance to anticancer drugs and it has been proposed as a promising therapeu-
fic target for mCRC™ %2 However, further trials are needed to evaluate its potential
franslation to the clinics?242, CXCL5 was found at higher levels in the serum and in
FFPE tumors from CRC patients as compared to healthy controls?8, CXCL7 promo-
ted invasion and angiogenesis through the PI3K/AKT/mTOR signaling pathway and
its overexpression correlated with worse prognostic in CRC patients?40. CXCL8 (also
known as IL-8) can be regulated by inflammatory signals, environmental and chemi-
cal stress, and by other stimuli such as steroid hormones?#4, It is mainly associated
with neutrophil migration which promotes tumor growth, angiogenesis, motility, and
invasion?+24¢ Tumor-derived CXCL8 will activate CXCR2-endothelial cells in the tfumor
vasculature promoting angiogenesis and at the same time attracting more neutrophils
intfo the tumor site?*4, In vitro studies have shown that CXCL8-overexpressing CRC cell
lines proliferated, migrated, and invaded more than control cell lines. When injected
info immunodeficient mice they were able to develop a higher number of tumors that
in turn were more vascularized as compared to confrols?’. CXCL1, CXCL2 and CXCL8
genes are transcribed by the NK-kB transcription factor; CRC cell lines with acquired
resistance to oxaliplatin were shown to have this transcription factor hyperactivated,
consequently leading to an overexpression of these 3 chemokines!®4. Several studies
have demonstrated the metastatic potential of CXCL8 and its receptors, CXCR1/2%8,
Aiming a CXCL8-rich TME, a novel immunodeficient skin-specific CXCL8-expression
fransgenic mice model was generated in the study of Lee et al. When human and mou-
se CRC cells were subcutaneously injected, tfumors were formed, and the CXCL8 pre-
sent in the TME favored their growth, angiogenesis and increased cell extravasation to
the lung and liver. In parallel, they also reported reduced colon cancer cell growth and
metastasis development in a CXCR2-KO mice model?*°. In agreement, blocking CXCR1
and CXCR2 using an antagonist, resulted in increased tumor cell apoptosis and redu-
ced metastasis?®. Moreover, high serum levels of CXCL8 are associated with advanced
CRC, distant metastases, and shorter CRC overall survival?#.249,

CXCR4 and CXCR7 axes

CXCR4 (Fusin) and its ligand CXCL12 (Stromal cell-derived factor 1) have a well-known
role in metastasis development®-2%%, In CRC liver metastasis, CXCL12 is secreted by
the Kupffer cells and by endothelial cells?®* and several studies have demonstrated
that high CXCR4 expression in CRC patients is associated with liver metastasis®>2¢,
In stage II-III CRC patients, overexpression of CXCR4 was strongly associated with
earlier relapse. CXCR4 induced CRC cells clonogenic growth by releasing VEGF and
upregulating the intercellular adhesion molecule 1 (ICAM-1)%7. CXCR4 colocalizes with
CRC stem cell markers like CD133 and CD44, which are associated with the epithe-
lial-mesenchymal transition (EMT) process™®. In 165 stage II-III CRC patients from the
National Cancer Centre Hospital in Tokyo (Japan), high CXCL12 protein levels in the
primary fumors, were associated with poor prognosis®®2. Also, increased mRNA levels
of the receptor CXCR4 in primary CRC tfissue have been associated with poor survival
rates in stage IV CRC patients?>. In addition, high concomitant expression of CXCR4
and VEGF proteins in primary CRC tissue predicted early distant relapse in stage II-I1I
CRC patients?’. Moreover, similar findings on CXCR4 association with fumor progres-
sion and low survival were reported from CXCR4 franscriptional levels in a systematic
meta-analysis of 3794 stage I-IV CRC patients?5257.259.2600, CXCR7 (ACKR3) also interacts
with CXCL12, and when overexpressed in CRC cell lines, it induced angiogenesis throu-
gh the activation of the AKT and ERK signaling pathways?!. In addition, it was found
to be overexpressed in metastatic lung tissue, fogether with CXCL12 when compared
fo primary lesions?2 Moreover, substantially higher levels of CXCL12 were found in



malignant lung tissue when compared to benign tissue3.

CXCRS3 axis

Controversial results have been reported about the role of this axis in CRC. On one
hand, CXCR3 and its ligands CXCL9 and CXCL10 were positively associated with lymph
node metastasis and poor survival of CRC patients®4, Moreover, levels of CXCL10 in
serum from CRC patients increased according to the progression of the disease and
correlated with the presence of distant metastases?®. However, in a study cohort of
64 stage II and III CRC patients low levels of CXCL10 was an independent biomarker
of prognosis and recurrence?®. Other groups demonstrated that CXCL10 co-expres-
sion with its receptor CXCR3, predicted metastatic recurrence and therefore, poor CRC
prognosis?®. Nevertheless, the use of AMG487, a CXCR3 inhibitor, resulted in the inhibi-
fion of metastatic growth and implantation of CRC, in an in vivo model?”.

CXCR5/CXCL13 axis

The CXCL13 chemokine, originally known as BCA-1 (B cell-aftracting chemokine 1), is
secreted in B-cell areas of secondary lymphoid tissues (follicles of the spleen, tonsils,
and lymph nodes). It is constitutively secreted by stromal cells*®%! and in humans,
it is mainly produced by CD4* follicular helper T cells (TFH)#2 Its associated receptor
is CXCRS5, although Jenh et al suggested that it could also bind fo CXCR3 (Table 2).
CXCL13 is the most important chemokine in controlling the migration of CXCR5-highly
expressing B lymphocytes?32¢, Nevertheless, it can also aftract some T cell popu-
lations (such as TFH cells) and macrophages?8269277 CXCL13 expression in lymphoid
fissues guarantees the efficiency of naive B cells in antigen presentation during emer-
gent immune reactions?® and abnormal signaling or expression of CXCL13/CXCR5 is
usually associated with the onset of disease. The unusual expression of CXCL13 also
promotes lymphoid neogenesis, also known as functional ectopic lymphoid structures
or TLSs?%-%! These TLSs are commonly found under chronic inflammation (infection,
cancer, and autoimmune disease) in non-lymphoid tissues?®?, where they will induce lo-
cal adaptive immune responses?°2%, Friedman et al proposed a strategy that consisted
of the induction of TLS formation in tumors freated with immunotherapy, aiming at be-
ftter clinical outcomes and prognosis?*. Unfortunately, the way TLSs are formed as well
as their contribution to the tumor fate is not fully understood yet?2. Bindea et al found
increased levels of CXCL13 in human CRC tumors which activated TFH cells that in furn,
increased infra-tumoral volume of B, TFH, T 1, cytotoxic, and memory T cells, gene-
rating a positive feedback loop?*. Thus, both high numbers of CXCL13 and TFH cells
may predict better survival in CRC patients?5, In line with these results, low expression
levels of CXCL13 in fumoral tissue from stage II CRC patients, have been described as
a bad prognostic marker®é2%” and a CXCR5* CD8* T cells subset was shown to have an-
fi-tumoral activity®® Nevertheless, other authors have reported contfradictory results;
for instance, Zhu et al?®? suggested that CXCL13 promotes proliferation, migration, and
invasion of CRC via the PI3K/AKT pathway in CRC; also, increased CXCL13 in plasma
from patients and high expression of CXCR5/CXCL13 in tumors, were associated to a
worse prognosis in metastatic CRC?%°2%, Apparently, a possible explanation for these
paradoxical results could be the influence of different factors, such as patients’ molecu-
lar subtype, the freatments the patients received or the fumor stage, among others™,

CXCL16/CXCR6 axis

CXCL16 is a particular chemokine as the CXCL16 gene is located in chromosome 17p13
which is different from the rest of CXCs?? and shows little homology with them?®,
CXCL16 has the peculiarity of having a soluble and secreted domain (sCXCL16) and a
fransmembrane domain (mCXCL16)#2, CXCL16 is cleaved by a disintegrin and metallo-
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proteinase 10 (ADAM10)?%+-2%, In the absence of ADAM10, ADAM17 may also cleave it%7.
sCXCL16 acts as a chemoattractant of cells that present the CXCRé6 receptor?22%, In
contrast, mCXCL16 is a transmembrane protein responsible for protein adhesion after
binding to CXCR62%2%%, mCXCL16 may also function as a membrane receptor by binding
to either CXCR63® or sCXCL16%! a mechanism known as reverse and inverse signaling,
respectively?®®2. Although it is classified as an angiostatic CXC chemokine, several reports
have proven its activity as an angiogenic CXC in CRC!%3%, Thus, CXCL16 expression has
been found to be higher in colorectal tumors than in adjacent non-cancerous tissues or
than in tissues from healthy subjects®%43%, High CXCL16 levels were also observed in re-
gional lymph nodes, which was associated with worse OS in CRC patients®®, In a study
with 314 CRC patients and 20 normal volunteers, the serum levels of CXCL16 were higher
in patients than in healthy individuals, increased across the different tumor stages, and
were associated with a poor prognosis®®.

Considering all of the above and the fact that these small proteins can be found in the
peripheral blood of CRC patients, it seems logical that they could serve as biomarkers
in CRC.

Moreover, their clearly pro-tumoral role in some cases has generated interest in the
pharmaceutical industry, which has developed several inhibitors. The most relevant
drugs to date are summarized below.

2.2.6 Therapeutic strategies targeting CXC chemokines in cancer

In the last years, growing evidence on the different effects that chemokines and their
receptors have in the tfumor inflammatory microenvironment has motivated the phar-
maceutical industry towards efficient therapeutic approaches targeting CXC chemo-
kines and their CXC receptors!®®%® The main strategy would consist of complementing
current cancer treatments to increase their effectiveness. Many of these therapeutic de-
signs are aimed to block the CXC receptors and mostly consist of antibodies and small
antagonist molecules!®®*%, Table 3 summarizes the latest modulators that have entered
clinical trials fargeting the CXC/CXCR signaling axes in cancer.

Targeting the CXCR1/2 signaling axes

Several clinical frials are currently assessing the safety and efficacy of different CXCR1/2
antagonists in different fumor types (Table 3). In a phase I clinical frial of HER-2 ne-
gative metastatic breast cancer patients, the oral administration of a non-competitive
CXCR1/2 antagonist (Reparixin) in combination with Paclitaxel, displayed a 30% of res-
ponsiveness (NCT02001974)%%°. Navarixin (MK-7123), with oral bioavailability, is currently
being evaluated in advanced/metastatic solid tumors including CRC (NCT03473925).
Also, the potential of CXCL5 as a biomarker is being fested in urothelial carcinoma (UC).
The aim of the clinical study is to evaluate its expression in UC by IHC, determining its
role in proliferation, migration and cancer spreading (NCT05139134).

Targeting CXCL12/CXCR4 signaling axis

A phase I clinical frial (NCT03168139) evaluated the safety and tolerability of Olaptesed
pegol, a CXCL12 inhibitor, and the changes in the TME induced by this drug as mono-
therapy in mCRC patients with liver metastasis. The tfreatment resulted safe for the par-
ticipants and demonstrated an antitumoral effect. Another phase I trial (NCT02737072)
testing LY2510924 in advanced solid fumors (colorectum, lung, breast, and prostate)
resulted in a primary response rate of 20%. Additionally, the dose of 20mg/day was
established based on the best tolerability and clinical safety®®. Finally, a phase II trial



(NCT02907099) in metastatic pancreatic cancer studied the efficacy of the CXCR4 an-
tagonist BL-8040 plus pembrolizumab. BL-8040 blocks some of the enzymes involved in
tumor growth and increases T cell infiltration.

Several new CXC/CXCR therapeutic targets have been proposed, although not tested
yet in clinical trials. All these research data aim to accelerate the franslation of chemo-
kine research into cancer precision medicing?¢311:312,

TARGET

DRUG NAME

TRIAL

NUMBER

Immunaohistochemical Urinary bladder urothelial . -
CXCLS S pRnaANT AT L carcinoma Mot Applicable Recruiting MCT05139134
Combination with enzalutamide
AZDS069 in metastatic castration 11 Active, not recruiting] MNCTO3177187
resistant prostate cancer
Combination with Paclitaxel in
Reparixin metastatic Breast Cancer HER2 | Completed NCTOZ2001974
negative
Combination with Paclitaxel in
Reparixin + PTX metastatic Breast CancerTriple- [] Completed NCT02370238
Negative (fRida)
Metastatic Pancreatid Ductal ; o
CXCR2 AZDS0ES Adencearcinoma /1 Completed MNCTO2583477
Combination with
pembrolizumab -
MNavarixin S iced satastatic il ] Completed NCT03473925
tumors
Ealatoal code | -
CXCR2 ligands/CXCR2 | D010BIca ‘Z:'I:‘c':rpa"”e“'t Not Applicable Completed NCT00851955
CXCR2-transduced
autologous tumaor Metastatic melanoma 1 Active, not recruiting] NCTO1740557
infiltrating lymphocytes
NOX-A12 Combination with Irraclation In il Recruiting NCT04121455
glioblastoma
o " pembrolizumab in advanced o
NOX-A12 colorectal and pa tic In Completed NCT03168139
cancer
Combination with
BL-2040 pembrolizumab in metastatic [} Active, not recruiting]  NCTO2907099
pancreatic adenocarcinoma
CXCR4 LY2510924 Advanced solid tumors I Terminated NCTO2737072
Solid tumors,
UsLa11 relapsed/recurrent 111 Terminated MCTO2765165
glioblastoma multiforme
CXCRS modified " MNCTO4153799
CXCRS EGFR CAR-T cells Mansmall cell lung cancer | Recruiting NCTO5060796

Table 3. Summary of the most recent clinical trials on CXC/CXCR in cancer. Highlighted in light purple are
those in CRC. Data from®?
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Hypothesis and objectives

HYPOTHESIS

Worldwide, CRC is the third most common cancer considering both sexes and repre-
sents the second most common cause of cancer-related death. CRC patients’ survival is
related to the tumor stage at the time of diagnosis. While freatment options rapidly in-
crease for other types of cancer, only a few advances have been made in the treatment
of CRC in the last decades. In the advanced disease, first-line freatment is based on the
combination of chemotherapy (a fluoropyrimidine with oxaliplatin or irinotecan) plus
an anti-EGFR antibody (cetuximab or panitumumab only in RAS WT patients) or an an-
tiangiogenic drug (Beva). In this setting, 5-year survival rates are less than 10%, being
chemotherapy resistance the main reason for disease progression. Therefore, finding
useful and reliable predictive and prognostic biomarkers, along with druggable targets
is necessary, to optimize the efficacy of current and upcoming treatments. It has been
proposed that serum levels of certain chemokines may be used as predictive markers
of response to chemotherapy. CXC chemokines are a family of small cytokines (8 to
10 kDa), that signal through G-protein-coupled receptors, CXCRs. Secreted by tumor
cells, leukocytes, fibroblasts, endothelial and epithelial cells, they chemoattract several
cell types such as neutrophils and lymphocytes, fibroblasts, and eosinophils. All these
cell populations have diverse effects on tumor progression, depending on which are
being attracted to the tumor microenvironment by the CXC chemokines. Additionally, in
CRC we reported that CRC cell lines with acquired resistance to oxaliplatin overexpres-
sed and secreted high amounts of some CXC chemokines including CXCL1, CXCL2, and
CXCL8, because of an acquired hyperactivation of the NF-kB pathway. Also, in an in sili-
co series of 98 CRC MSS, stage II adenocarcinoma tissues, we observed that except for
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CXCL12, all CXC chemokines showed significant overexpression in fumors as compared
to adjacent normal tissues and that high expression of CXCL1, 2, 5, 6, and 8 correlated
with worse disease-free survival.

Hence, considering all the above, together with the fact that CXC chemokines are secre-
ted, and therefore can be easily detected in the blood of patients, we hypothesize that
the CXC chemokine profile found in the serum of mCRC patients treated with OXA-ba-
sed schedules as first-line freatment, may predict tumor response and/or prognostica-
te patients’ outcomes, representing useful biomarkers in this disease. If our hypothesis
is confirmed, our results may contribute to a better-personalized treatment and impro-
ved patient outcomes. To test our hypothesis, we propose the following objectives:

OBJECTIVES

This project’s main objective is to study the prognostic and/or predictive value of a
panel of CXC chemokines in the serum of mCRC treated with OXA-based first-line freat-
ments and to determine their applicability as biomarkers.

To achieve this goal, the specific aims of this thesis are:

1. To obtain a collection of MCRC patients’ serum samples: we will prospectively
and consecutively collect serum samples from at least 100 mCRC patients that are
going fo receive an OXA-based-first-line freatment. Additionally, we will also collect
these patients’ primary tumors conserved in paraffin blocks. We will generate a
database with relevant clinicopathological and molecular characteristics of the mCRC
patients included in the study and will study their possible associations with outcome.

2. To perform a Luminex-based study of a panel of eleven CXC chemokines in the
MCRC patients’ serum samples and to correlate the CXC levels with i) the patients’
clinicopathological and molecular characteristics; ii) response to treatment; iii) overall
survival and iv) progression-free survival.

3. To study the expression of those CXC Chemokines with prognostic/predictive
value in our patients’ primary tumors by IHC staining or Nanostring® techniques. We
will also evaluate other related factors. To perform an in silico analysis using publicly
available franscriptomic data from CRC metastases.

4. To analyze the serum levels of the resulting prognostic/predictive chemokines in
a cohort of healthy controls and compare them to the levels obtained in our patients.

5. To confirm our results in a similar independent cohort of patients.
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Materials and methods

1. STUDY DESIGN, PARTICIPATING HOSPITALS AND INCLUSION CRITERIA

This project consists of an experimental, longitudinal and prospective multicentric study,
in which the main objective is to elucidate if levels of CXC chemokines found in patients’
serum, may be prognostic or predictive biomarkers in mCRC. Five different hospitals from
Catalonia have participated in the study: Dr. Josep Trueta Hospital (Girona), Vall d’He-
bron Institute of Oncology (VHIO, Barcelona); Moises Broggi Hospital (Sant Joan Despi),
Duran I Reynals Hospital (LHospitalet de Llobregat) and our institution, Germans Trias
I Pujol University Hospital (Badalona) (Table 4). This study was coordinated by my the-
sis director Dr. Eva Martinez-Balibrea and myself. A Newsletter was used to update all
collaborators monthly (Annex II). The study was approved by the Germans Trias I Pujol
University Hospital Ethics Committee on the 22" of July 2016 and with internal reference
number IP-16-115.

Calculation of the sample size in an exploratory study is complex but reaching the stipu-
lated N to draw any conclusions with sufficient robustness was a requirement for us. To
increase the probability of recruiting the minimum number of patients in the lesser time,
we collaborated with five different hospitals (mentioned above). The estimated recruiting
tfime was 18 months and the expected number of cases that each center could recruit can
be found in Table 4. This was based on inclusion criteria, and an estimation of the number
of mCRC cases each center treats per year.

PATIENTS INCLUDED IN THE STUDY

EXPECTED | INCLUDED
PARTICIPATING HOSPITALS PATIENTS | PATIENTS
DR. JOSEP TRUETA HOSPITAL 15 37
DURAN | REYNALS HOSPITAL 25 35
VALL D'HEBRON HOSPITAL 100 15
MOISES BROGGI HOSPITAL 15 13
GERMANS TRIAS | PUJOL 4 Table 4. Participating hospi-
UNIVERSITY HOSPITAL 30 tals and the number of patients
expected and finally included in
TOTAL OF PATIENTS 185 107 the study.
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Taking all these into consideration, it was decided that the inclusion of 100 cases was
feasible; we then calculated the magnitude of the differences that we would be able to
detect taking into account that in the study 50% of the patients would respond and 50%
would not. With a statistical power of 80%, the calculations showed that significant di-
fferences could be detected from 0.69 standard deviation units. The literature indicates
that if differences can be detected with less than one standard deviation unit, the study
has an adequate sample size and therefore this was set to 100 patients.

As can be depicted from Figure 12, patient inclusion took longer than expected, ins-
tead of 18 months, we finished including new patients after almost four years, by June
2020 with a final N of 107 patients. Patients’ follow-up samples were taken along with
the treatment, from November 2016 to April 2021. Among others, the main reasons for
the delay were that previously treated patients with other regimens, and patients with
alternative diseases and age over 80 years old were excluded from our study. Of course,
the COVID-19 pandemic did not help and made us lose some of the follow-up samples.

-o- EXPECTEDPATIENTS
INCLUDED PATIENTS

T T T TTT
U O O I S R U U S

I rrrrrrrrrrrrrrrneld

W 1 N o
EO PFF VLI FTFF LS FE
MONTHS

Figure 12. Expected and included patient flow of our prolonged study.

The inclusion criteria were as follows: Patients with a diagnosed stage IV CRC, older
than 18 years whose tumors harbored KRAS mutations or not, being candidates or not
for metastasis resection and for first-line tfreatment with a fluoropyrimidine + oxaliplatin
with or without Bevacizumab or Cetuximab/Panitumumab. All patients were properly
informed and signed their corresponding informed consent. Also, the collection of cli-
nical characteristics together with sample extractions, processing, and storage, have
followed every standard local protocol.

60 Materials and methods



Patients received one of the following chemotherapy regimens:

Oxaliplatin

LV: 400mg/m?* onday 1 +
5FU: 400mg/m? bolus on day 1, SFU 2400mg/m? infusion on

FOLFOX 46h + Every 2 weeks
OXA: 85mg/m? on day 1
i | 2 12h | 1 14 +
CAPOX Cape: 1000mg/m? every oral day 1 to day Every 3 wesls

OXA: 130mg/m? day 1

Bevacizumab

FOLFOX-Bevacizumab

Combined with FOLFOX regimen
Beva: 5 mg/kg

Every 2 weeks

CAPOX-Bevacizumab

Combined with CAPOX regimen
Beva: 7,5 mg/kg

Every 3 weeks

Panitumumab

Combined with FOLFOX regimen +

FOLFOX-Panitumumab Pani: 6 mg/kg Every 2 weeks
Cetuximab
Combined with FOLFOX regimen + Weekly
FOLFOX-Cetuximab Cetux: 400 mg/m? first infusion, followed by 250 mg/m? or or
500 mg/m? over 2h on day 1 (preferred) Every 2 weeks (preferred)
~ o CAP .
CAPOX-Cetuximab Combined with CAPOX regimen + Weekly

Cetux: 400 mg/m? first infusion, followed by 250 mg/m?

Table 5. Systemic therapy regimens administered to the patients that participated in our study. From clinical prac-
fice guidelines (REF ICOPRAXIS & www.nccn.org/patients). LV: leucovorin; 5FU: 5-Fluoroacil; OXA: Oxaliplatin; Cape:

Capecitabin; Beva: Bevacizumab; Pani: Panitumumab; Cetux: Cetuximab.

After four to six cycles of treatment, the response was evaluated in all patients, and
the EVAR sample was extracted (median of 12 weeks). After the first EVAR, all patients
that were stable (SD) or in partial/complete response (PR/CR) continued with the freat-
ment cycles, while those that progressed stopped the treatment and were considered
to receive second-line chemotherapy treatment +/- targeted therapy. All patients were
freated until infolerable toxicity, withdrawal of consent, or death, whichever came first.

2. SAMPLE COLLECTION, PROCESSING AND STORAGE

Inclusion and follow-up of patients as well as sample collection was carried out during
a ftotal of 52 months (initially planned: 27 months).

Serum samples were obtained at different time-points of the disease (Figure 13). The
first sample (PRET) was obtained before the first-line treatment. The second sample
(EVAR) at the time of response evaluation, with a median time of 3 months (12 weeks)
from the PRET sample extraction. The third sample (PROG/LFUP) was obtained at the
fime of tumor progression or end of the study. The median progression in these pa-
fients is about 9 months, so it was estimated that 50% would have progressed by the
beginning of the third year. In the case of non-progression, a sample was also collected
(LFUP) and patients were censored in the survival analysis in the last control date. In
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those patients having a progressive disease at the first response evaluation (around
10%), only two samples were available.

In addition, a formalin-fixed and paraffin-embedded (FFPE) primary tfumor sample
was collected from each patient (according to availability) for a TMA elaboration and
subsequent IHC expression analysis.

Response
PRET EVAR PROG/LFUP
Di ; 1stLine Response Progression/Last
RANasS — Treatment - Evaluation - Follow-up
(OXA based) (]

ﬂ ﬂ Progression 9

II ! !

I CXC Luminex Study

@ . FFPEPrimary

s  Tumor Collection

Figure 13. Design of the study. Time-points for the different serum and tumor samples.

2.1. Serum samples processing

One serum-separated fube (SST™ fube, BD Vacutiner®, BD) containing 5mL of whole
blood was collected per patient and time-point (Figure 13). Patients’ samples from
our hospital, followed a circuit established by the oncology department, the biobank
and our laboratory. The rest of the hospitals followed similar processing and storage
conditions. Once the blood was collected, the SST tubes were inverted five times and
allowed to clot for 30min at room temperature (RT) in the biochemistry department of
Germans Trias I Pujol Hospital. Samples were picked up, labeled and delivered to our
lab by the IGTP Biobank’s personnel. The time between extraction and processing never
was longer than 8hours.

The SST was centrifuged at 1000g for 15min at 4°C and subsequently, the serum was
aliquoted into six aliquots of 500uL in Matrix™ 2D Barcoded Clear Polypropylene Open-
Top Storage Tubes (Thermo Scientific) in a biological safety cabinet and stored in a Ma-
frix 96-format 2D barcoded storage microplate (Thermo Scientific). Aliquots in the mi-
croplates were frozen down at -80°C in an ultra-low temperature freezer (-80°C) at the
IGTP Biobank, to ensure serums’ proper storage and preservation until their analysis.

2.2 Tissue Microarray (TMA)

One tissue microarray (TMA) was constructed from 26 primary tissue paraffin blocks
of our mCRC patient’s cohort (Table 6). The main reasons for such a low number of
samples were the lack of availability and the poor quality and quantity of the tissue.
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The shortage of material also explains why in some cases we were unable to make fri-
plicates. Hematoxylin-eosin-stained slides of all primary tumors were reviewed to iden-
tify the most well-preserved areas at the pathology department of the Germans Trias
I Pujol Hospital. Tissues corresponding fo these areas were randomly sampled from
the paraffin blocks, with no special preference for the different parts of the tfumor (e.g.,
superficial zone vs. infiltrating border). Three cylindrical cores measuring 0.6mm in dia-
meter were obtained from every donor using a TMA workstation MTA-1 (Beecher Instfru-
ments). Subsequently, immunohistochemistry procedures with specific antibodies were
applied (see below 3. Immunohistochemistry).

FFPE BLOCKS INCLUDED IN THE STUDY

PARTICIPATING HOSPITALS F::: EL?JLI?ECI:S
DR. JOSEP TRUETA HOSPITAL 13
DURAN | REYNALS HOSPITAL 3
VALL D'HEBRON HOSPITAL 0
MOISES BROGGI HOSPITAL 6
GERMANS TRIAS | PUJOL 4
UNIVERSITY HOSPITAL
TOTAL OF PATIENTS' 26 Table & Summary of al primary
FFPE BLOCKS the corresponding provider hospitals.

3. IMMUNOHISTOCHEMISTRY (IHC)

FFPE TMA sections were analyzed using standard IHC techniques. Immunostaining was
performed automatically using an Autostainer Link48 machine (Dako Agilent, 5301 Ste-
vens Creek Boulevard, Santa Clara, CA 95051, USA). The primary antibodies used were
anti-vimentin (monoclonal mouse, ready-to-use, clone V9. Agilent Technologies), human
anti-CD3 (rabbit polyclonal, ready-to-use. Agilent Technologies) and human anti-CD-
20cy (monoclonal mouse, ready-fo-use, clone L26. Agilent Technologies). Positive stai-
ning for anfi-vimentin antibody was localized in the cytoplasm of stromal cells o assess
the presence of stromal desmoplasia. Staining was semi-quantitatively assessed as 1
if less than 25% positivity was identified, 2 between 25 and 50%, and 3 more than 50%.
Immunoreactivity in lymphocytes served as an internal anti-vimentin positive control.
Positive staining for anti-human CD3 and anti-human CD20cy antibodies was localized
to the lymphocyte membrane. CD3 staining was assessed as 1 if occasional lympho-
cytes were identified, 2 for groups of 5 to 10 lymphocytes, and 3 for groups of more than
10 lymphocytes. CD20 staining was assessed as 0 if no lymphocytes were observed, 1
for less than 5 and 2 for more than 5 lymphocytes. Slides were scanned at x40 magnifi-
cation using an Ultra Fast scanner (Philips) to obtain an image of the entire slide.
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4. LUMINEX® ANALYSIS OF SERUM SAMPLES

Levels of a custom panel of CXC chemokines were analyzed in PRET, EVAR and PROG
serum samples using a Bio-plex Pro™ Human Chemokine multiplex Assay (Bio-Plex
Pro™ Human Chemokine Panel, 171-AK99MR2, Bio-Rad). This is an immunoassay based
on magnetic beads that are covalently coupled to the antibodies directed against the
desired biomarker and react if the sample contains the biomarker of interest. A biotin-
ylated detection antibody is added, followed by a series of washes to remove unbound
protein, to create the “sandwich” complex (Figure 14). Finally, fo form the detection
complex, a Streptavidin-phycoerythrin (SA-PE) conjugate is added to the sample. The
Phycoerythrin serves as a fluorescent indicator, or reporter, which will be detected and
measured in the Luminex® 200 reader.

CXC, Chemokines

!

Streptavidin

!

!

T CXC, Antibody
Magnetic Bead

! !

Biotinylated Phycoerythrin
Detection Antibody  Fluorescent Reporter

Figure 14. Bio-Plex sandwich immunoassay.

In our study, the Bio-plex Pro™ Human Chemokine Assay was pre-coated with CXCL1,
2,5,6,8,9, 10, 11, 12, 13, and 16 antibodies, allowing us to detect all of them in a sin-
gle well of a 96-well plate in approximately 4-5 hours. Reconstitution of the standards
(lyophilized mixture of 40 standard analytes), thawing of serum samples and serial
dilutions were prepared on ice following the manufacturer’s instructions. Samples were
pre-diluted 10 fimes (1:10) in PBS. Prior to plating, standards and diluted samples were
equilibrated to RT. When ready, we dispensed 50uL info the wells of the Bio-plex Pro
96 flat bottom plate (Bio-Rad), including 2 replicates per sample. All subsequent steps
were taken following the manufacturer’s instructions (Annex III). Chemokine readings
were performed in a Luminex® 200 equipment in the Cytometry department from the
IGTP. The standard curve was constructed using a five-parametric logistic regression
non-linear model using Xponent 3.1 (Luminex Inc.). Markers were grouped together ac-
cording to the dilution factor after the cross-reactivity was checked across all analytes.
Measurement values were interpolated to obtain the concentration of each metabolite
(pg/mL) in the serum. During the experiment, infra-assay precision ranged from 2% to
4% and inter-assay precision ranged from 2% to 8%.
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In order to measure serum levels from all our 104 patients’ consecutive samples with
the least possible variability, we performed two assays per day, for 3 consecutive days.

5. CXCL13 IN SILICO ANALYSIS

An in silico study was performed using the available franscriptomic data of liver metas-
tasis samples from 119 mCRC patients treated by hepatic resection. Patients’ outcome
and systemic oncological treatment information were also available, data extracted
from Eide et al,, 2021 (https://doi.org/10.1038/s41525-021-00223-7) and Moosavi et
al., 2021 (https://doi.org/10.1186/s13073-021-00956-1). Additionally, TLS genetic signa-
tures data was extracted from Sautés-Fridman et al., 2019 (https://doi.org/10.1038/
s41568-019-0144-6).

The aim of the study was to correlate CXCL13 genetic expression levels with immune
and non-immune cell abundance, estimated using the MCP-counter algorithm publi-
shed at (https://doi.org/10.1186/513059-016-1070-5). We also studied the CXCL13 ex-
pression correlation with survival based on the mCRC patients’ freatment as well as
its correlation with TLS signatures and their association with patients’ outcome. The
cohort (Table 7) consisted of 119 liver metastases from mCRC, 15 naive patients and
104 had received OXA-based neoadjuvant treatment.

VARIABLES ALLN =119
N (%)

Sex
Male | 71(59.7%)
Female 48 (40.3%)

Systemic oncological treatment prior
to sampling of metastases
Neoadjuvant chemotherapy for this
metastatic situation
No previous systemic treatment

104 (87.4%)

(Naive) 15 (12.6%)
KRAS and NRAS mutation
KRAS mut 50 (48.0%)
NRAS mut 7 (5.9%)
WT 62 (46.1%)

Table 7. Clinicopathological and mo-
lecular characteristics of patients from
the in silico cohort. Other than these cli-
nical information has not been provided

by the authors.

The methodology used in each of the analyses is described below:

- Database compilation

Gene expression data from the colorectal liver metastases, including clinicopathologi-
cal annotations and patient survival data were downloaded from: GSE159216 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE159216)

- Data processing
The raw intensity CEL files were background corrected, normalized, summarized at the
gene level, and log2 transformed using the robust multi-array average (RMA) method
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implemented in the justRMA function in the affy package (https://doi.org/10.1093/
bioinformatics/btg405) in R, using the custom Entrez CDF file (v22) from Brainarray
(https://doi.org/10.1186/1471-2105-8-48).

Entrez IDs were converted to HGNC gene symbols using the biomaRt package (v 2.52.0)
from Bioconductor (https://doi.org/10.1038/nmeth.3252).

- Data analysis
MCP-counter analysis
Gene expression was used to run MCP-Counter algorithm (https://doi.org/10.1186/
s13059-016-1070-5) to estimate the population abundance of tissue-infiltrating immu-
ne and stromal cell populations.

SSGSEA

MSS-like and MSI-like gene sets were retrieved from MsigDB (http://www.gsea-msig-
db.org/) and gene signatures for the detection of tertiary lymphoid structures were
available in Sautés-Fridman et al., 2019 (https://doi.org/10.1038/s41568-019-0144-6)
Gene set scores were calculated using single sample Gene Set Enrichment Analysis
(ssGSEA) implemented in the R package GSVA (v1.44.5) (https://doi.org/10.1038/na-
Ture08460)

6. VALIDATION STUDIES

6.1 Validation cohorts, samples processing and storage

* Healthy Controls Cohort:
Drs. Pilar Navarro and Neus Martinez-Bosh from the Barcelona Hospital del Mar kindly
provided a total of 45 serum samples from healthy controls (HMar cohort). The 45
patients’ median age at inclusion was 64.5 years old, of whom 60% were women, with
no chronic or acute pathologies of note. These samples were collected between March
and November 2022, under the approval of the Drug Research Ethics Committee of
Parc de Salut Mar (CEIm-Parc de Salut Mar) (2017/7449/1 and 2020/9067/1). All in-
dividuals signed an informed consent allowing the use of their samples for research
purposes.
One serum BD Vacutainer containing 5mL of whole blood was collected per healthy
individual and kept at 4°C. The fime between extraction and processing never was lon-
ger than 8 hours. The tube was centrifuged for 10min 480g. The serum was aliquoted
and stored at -80°C until its analysis.

mCRC Patients Cohort:

Dr. Sebastian Meltzer from the Akershus universitetssykehus (Oslo, Norway) kindly
offered us to analyze a cohort of samples from mCRC patients who were enrolled in
a randomized, controlled, ongoing phase II trial called METIMMOX (NCT03388190)
(Oslo’s cohort).

In the METIMMOX clinical trial, 80 patients were randomly assigned to receive either
eight cycles of the oxaliplatin-based Nordic FLOX regimen Q2W (oxaliplatin 85mg/m?
on day 1 and bolus 5-fluorouracil 500mg/m? and folinic acid 100 mg on days 1 and
2; control arm) or two cycles of FLOX Q2W before two cycles of nivolumab Q2w (240
mg flat dose) in a repeat sequential schedule to a total of eight cycles (experimental
study arm). After eight treatment cycles, all patients proceeded to a treatment break
until disease progression and reintroduction of a new treatment cycle. All patients
were treated until the first confirmed disease progression on active therapy, infole-
rable toxicity, withdrawal of consent or death, whichever came first. The study was
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approved by an independent ethics committee, the institutional review board, and the
Norwegian Medicines Agency and was conducted in accordance with the Declaration
of Helsinki. Written informed consent was required for study participation. The patient
population has been thoroughly described in a previous paper (DOI: 10.1038/s41416-
022-02004-0). In the current analysis, only the patients included in the study conftrol
arm were used.

Serial serum samples were collected monthly, at baseline and prior to every second
treatment cycle, as shown in Figure 15. Specifically, samples were obtained at ba-
seline (N = 36); and after 4 (N = 33), 8 (N = 28), 12 (N = 23) and 16 weeks (N = 17) last
sample was obtained at end of freatment (N = 16).
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Figure 15. Clinical trial scheme. Enrolled patients had computerized tomography (CT) scans of target and non-tar-
geft lesions every 2 months until freatment failed. Patients were freated every two weeks in a go-and-stop manner,
meaning that they had complete drug holidays after 4 months of treatment, until tumor progression and re-start of
the same treatment. Blue dots correspond to FLOX and pink to Nivolumab treatment. Blood samples were collected
every month (4 weeks), while biopsies and fMRI were during the first three months.

Patients were enrolled between the 29™ of May 2018 and the 22nd of October 2021.
From the original 40 patients allocated to the control arm, two were screening failu-
res and two patients were withdrawn from the study shortly after inclusion due to the
withdrawal of consent, leaving a fotal of 36 patients for analysis (patient and disease
characteristics in Table 8). From these, a total of 19 patients left the study due to either
toxicity or progression within the first 16 weeks of treatment, contributing to a falling
number of serum samples available for analysis.
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N (%) N (%)
Age at Diagnosis 65 (19%)
Sex Radical Surgery
Male 22 (61%) Yes 5 (14%)
Female 14 (39%) No 31 (86%)
Performance Status Surgery
0 19 (53%) No surgery 20 (56%)
1 17 (47%) Only primary tumor 13 (36%)
2 0 Primary and metastasis 3 (8%)
Primary Tumor Site Resected Metastatic Organs
Colon 9 (25%) Liver 5 (14%)
Rectum 9 (25%) Lung 0
Unknown 18 (50%) Peritoneum 0
Metastatic Site MSI/MSS
Liver 7 (19%) MSI 0
Lung 0 MSS 36 (100%)
Liver+Lung 13 (36%) Unknown 0
Other 16 (45%)
Oligo/Multiple Metastasis BRAF and RAS mutation
<5 Metastasis 35 (97%) BRAF mut 8 (22%)
>5 Metastasis 1 (3%) NRAS mut 4 (11%)
KRAS mut 15 (42%)
WT 9 (25%)
First Line Treatment Immune System Known Alterations
FLOX 36 (100%) Autoimmune disease
CT combined with targeted therapy 0 Patient with a translpant
Major surgery last month
Unknown 36 (100%)
Second Line Exitus
Yes 30 (83%) Yes 34 (94%)
No 6 (17%) No 2 (6%)
Response Evaluation Death Reason
CR/PR 21 (58%) PD 35 (97%)
SD/PD 11 (42%) Complications due to disease 35 (97%)
Response Evaluation (Best) Non cancer related 0
Complete response (CR) 1(3%) Unknown 0
Partial response (PR) 20 (56%) Complications treatment related 1(3%)
Stable disease (SD) 8(22%)
Progressive disease (PD) 3 (8%)
Censored before the first evaluation 4 (11%)

Table 8. Clinical, pathological, and molecular characteristics of patients from the Oslo Cohort. FLOX ChT (5FU
Bolus + Leucovorin + Oxaliplatin); CR: complete response; PR: partial response; SD: stable disease; PD: progressive di-
sease; Surgery variable accounts for all patients that underwent any kind of surgery previous and during the trial.
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Whole blood samples were collected in Vacuette® serum tubes, left at room temperature
for at least 30min and centrifuged at 2200G for 10min. Further serum was aliquoted info
ImL vials and frozen and stored at -80°C until CXCL13 ELISA analysis.

6.2 ELISA assay for soluble CXCL13

ELISA assays to measure serum CXCL13 were performed by the principal investigators
of the Oslo’s and Hmar’s cohorts, in their respective laboratories. In both cases, CXCL13
was analyzed with the Human CXCL13/BLC/BCA-1 Immunoassay Quantikine ELISA kit
(R&D Systems). Serum samples were diluted 1:2 using the calibrator diluent (RD6-41)
of the kit. Human CXCL13 standard was reconstituted in distilled water to further pre-
pare serial dilutions as per the manufacturer’s instructions. The procedure consists of
a quantitative sandwich enzyme immunoassay technique. The supplied 96-well micro-
plate is pre-coated with CXCL13 monoclonal antibody, intfo which standards and diluted
samples were pipetted. While incubated, CXCL13 present in the sample is bound by the
immobilized antibody. After serial washes with the 1:25 diluted washing buffer to avoid
unbound substances unspecificities, an enzyme-linked monoclonal CXCL13 antibody
was added to the wells. Followed by another round of washes, a substrate solution was
added, and color developed in proportion to the amount of CXCL13 bound in the first
step. Color development was stopped and the optical density (OD) was measured at
450nm and corrected at 540nm. The median value of two technical replicates was used
for further analyses. The standard curve was generated by linearizing the OD values to
the known human CXCL13 concentfrations from the standards. Samples OD measure-
ments were multfiplied by the dilution factor (x2) and interpolated in the standard curve
to obtain CXCL13 (pg/mL) concentration in the serum.

7. STATISTICAL METHODS

Analysis of Luminex-based results:

Patients’ characteristics were described with frequencies for categorical variables and
median and interquartile range (IQR) for continuous ones. We used Principal Compo-
nent Analysis (PCA) to explore dimensionality reduction and potential correlation be-
tween chemokines (CXCs). The Elbow method was used to choose the number of princi-
pal components on the scree plot. The dynamics of CXCs levels at different time-points
were studied using the paired Wilcoxon signed rank test. Association between clinical
and demographical variables and chemokines values at each time-point were assessed
using the Kruskal-Wallis test. To estimate overall survival (OS) the follow-up time (in
months) was defined from the date of first freatment initiation to the date of death from
any cause or last follow-up, whichever occurred first. Follow-up fime for progression-free
survival (PFS) was the time (in months) from the date of first freatment initiation fo the
date of progression, death from any cause or last follow-up whichever occurred first.
For patients who underwent surgery after the first freatment initiation the follow-up
time for PFS, was censored at the date of surgery. Median OS and median PFS were es-
timated with the Kaplan-Meier (KM) method and survival curves stratified by patient’s
characteristics were compared with the log-rank test. Univariate and multivariate Cox
regression models were fitted to predict the risk of death and the risk of progression/
death. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were reported. For
the study of the association between CXCs and OS/PFS, the median cut-point for the
CXCs was selected. Moreover, Receiver operating characteristic (ROC) curves were used
to determine optimal CXCs thresholds for predicting mortality at 12 and 30 months after
the first freatment initiation. CXCs levels were log2- fransformed and a heatmap was
used to visualize the hierarchical clustering of variables using the Euclidean distance. All
statistical analyses were performed with the R v. 4.1.2 statistical software.
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CXCL13 in silico analysis:

Spearman’s correlation, Wilcoxon test and p-value adjustment were performed using
the functions cor, wilcoxon.test and p.adjust in the R package stats. All p-values were
two-sided. Adjusment of p-values was performed using Benjamini & Hochberg method.
Kaplan-Meier and Cox proportional hazard analyses were performed using the R pac-
kage survival (v3.4.0). Hazard ratios and Wald tests were calculated using the cox ph
function. Cox analyses were performed using gender as a covariate.

Validation studies:

Analyses were performed using the IBM SPSS Statistics for Mac version 28 or GraphPad
Prism version 9.5.0. All values are presented in median and interquartile range or num-
ber of events and percentage of the total number. Linear regression was calculated
using Pearson’s r-test. Correlations were calculated using Spearman’s rho test, and di-
fferences between groups were analyzed using the Kruskal-Wallis fest or Mann-Whitney
U test when appropriate. Survival differences were assessed by the log-rank test and
visualized using Kaplan-Meier curves, or Cox proportional hazard models presented as
hazard ratio (HR) and 95% confidence intervals (95% CI). All tests were two-sided, and
P values of less than 0.05 were considered statistically significant.

Response rate (RR) is defined as the percentage of patients with the best response
(CR or PR) relative to the evaluable population in the sample, N = 104 patients. Overall
survival (O)S is defined as the time a patient included in the study can survive from any
cause after the disease is diagnosed. Progression-free survival (PFS) measures the time
a patient can live without disease progression. The hazard ratio (HR) is the ratio of the
probability of the event, in our study for OS the event is exitus and for PFS the event is
progression.
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Results

OBJECTIVE 1

1.1. Patients’ inclusion and their clinicopathological and molecular characteristics

A total of 107 patients were included in this study. As it is shown in Figure 16, of the 107 pa-
fients included, 104 (97%) were suitable for analysis, while only 3 patients (3%) were non-eva-
luable: two died before the treatment started and one ended up not being metastatic. Along
the treatment, after a median time of 12 weeks, 63 correlative samples were extracted at
EVAR time-point, and finally, 43 correlative samples were obtained at PROG or end of study/
last follow-up (LFUP) time-point (Figure 16.A). Along the study, we will consider non-opera-
fed patients as a subcohort (N=81), therefore we also show the correlative samples at EVAR
and PROG time-points that correspond to these non-operated patients (Figure 16.B).

DBED BEFORE
TFI'if.Tl"'IEhT y
i NON-
: ME l'..'-'\.'h TATIC
] ‘1
Chemokine Sample at PRET Chemokine Sample at EVAR Chemokine Sample at PROG/LFUP
M= 104 {100%) N = 63 (50.53%) M = 56 (53.85%)
[ 1 )
Non-Operated Chemokine Non-Operated Chemokine Non-Operated Chemokine
Sample at PRET Sample at EVAR Sample at PROG/LFUP
N = 81 (100%) N = 48 (59.26%) N = 43 (53.09%)

Figure 16. Flowchart of patients and their corresponding time-point samples inclusion. A: All

cohort. B: Non-operated patients.
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The most important clinical and pathologic features of the 104 patients included in this
study are shown in Table 9. Our cohort’s median OS was 25.32 months and the PFS was
11.01 months (Figure 17). The median age at diagnostic was 66.5 years old and 71.2%
were men; the majority of patients (96.1%) presented a good performance status (0-1);
the most frequent primary tumor localization was the colon (63.5%); regarding metasta-
fic sites, 49% of the patients had metastasis in the liver followed by 10.6% in the lungs;
nevertheless, 29.8% presented metastasis in both organs; 69.2% of patients presented
multiple metastasis (defined by five or more metastases in the same or different organs);
as planned, all patients received OXA-based first-line treatment, being FOLFOX alone or
with Bevacizumab the most frequent schedules. The median start freatment date was
29th May 2018 (IQR: 17-Feb-18; 06-Apr-19), whereas the median last cycle administration
date was 7™ February 2019 (IQR: 15-09-18; 18-Dec-19). Also, the follow-up time mean was
of 22.3 months (SD: 12.3). Patients’ response rate was about 68% and 12 patients had a
disease progression; of the 33 patients (31.7%) who underwent surgery during the study,
10 had surgery of the primary tumor (9.6%), 9 had surgery of the metastasis (8.7%) and
14 of the primary and metastasis (13.4%). Among them, 23 patients had radical surgery,
which refers to patients that had surgery of either the metastasis alone or of the primary
and metastasis (22.1%). Among all metastatic target sites, the liver was the main resected
organ (78.3%). Regarding molecular features, 4.8% of the tumors were MSI; about half of
the cases (52.9%) harbored mutations in RAS genes (8.7% NRAS, 44.2% KRAS) while as
expected, a few cases (3.8%) were BRAF mutant. As CXC chemokines have a role in the
immune system, we also considered possible related aspects that could influence the re-
sults; in this regard, we found that only 5.8% presented some alterations: 2 patients had
an autoimmune disease, 1 patient had a fransplant in the past and 3 patients had a major
surgery previous to diagnosis. No statistically significant results were found when com-
paring the CXC PRET levels of these patients with the rest of the cohort. This analysis is
shown in Annex IV. Almost 60% of the patients died during the study of which 65% died
of disease progression, 20% because of disease complications, 1.7% for freatment-related
complications and 13.3% because of other reasons (non-cancer related or unknown).



VARIABLES ALLN =104 VARIABLES ALLN =104

N (%) N (%)
Age at Diagnosis [1QR] T Second Line
[58.8:73.0]
Sex Yes 60 (47.7%
Male 74 (71.2%) No 44 (42.3%)
Female 30 (28.8%)
Surgery Along Disease
Performance Status No Surgery 60 (57.7%)
0 41 (39.4%) Only Primary Tumor 21 (20.2%)
1 59 (56.7%) Only Metastasis 9 (8.7%)
2 4 (3.8%) Primary and Metastasis 14 (13.4%)
Surgery During Study
Primary Tumor Site No Surgery During Study 71 (68.3%)
Colon 66 (63.5%) Only Primary Tumaor 10 (9.6%)
Rectum 38 (36.5%) Only Metastasis 9 (B.7%)

Primary and Metastasis 14 (13.4%)

Metastastic Site

Liver 51 (49.0%) Ly
Lung 11 (10.6%) Yos 23 (22.1%)
Liver + Lung 31 (29.8%) No 81 (77.9%)
Other 11 (10.6%)
ﬂllg;ufMulrti.ple Resected Metastatic Organs
Metastasis
< 5 Metastasis 32 (30.8%) Liver 18 (78.3%)
= 5 Metastasis 72 (69.2%) Lung 2(8.7%)
Peritoneum 3 (13%)
First Line Treatment MSI1/MSS
FOLFOX 33 (31.7%) S 5 (4.8%)
CAPOX 4(3.9%) M55 75 (72.1%)
FOLFOX-Bevacizumab 38 (36.6%) Unknown 24 (23.1%)
FOLFOX-Cetuximab 9 (8.7%) BRAF and RAS mutation
CAPOX-Bevacizumab 2 (1.9%) BRAF mut 4 (3.8%)
CAPOX-Cetuximab 1(1%) MRAS mut a9 (8.7%)
FOLFOX-Panitumumab | 17 (16.3%) KRAS mut 46 (44.2%)
WT 43 (41.3%)
Unknown 2 (1.9%)
First Line Treatment XTSRRI
Alterations
CT Alone 37 (35.6%) Autoimmune Disease 2 (1.9%)
CT + Bevacizumah 40 (38.5%) | Patient with a Transplant 1 (1.0%)
CT + anti-EGFR 27 (26.0%) | Major Surgery Last Month 3(2.9%)
Unknown 98 (94.2%)
Response Evaluation Exitus
CR/PR 68 (65.4%) Yes 60 (57.7%)
SD/PD 36 (34.6%) Mo 44 (42.3%)
Response Evaluation R
(Bast)
Complete Response (CR) 1(1%) PD 39 (65.0%)
Partial Response (PR) 67 (64.4%) |Complications due to Disease| 12 (20%)
Stable Disease (SD) 24 (23.1%) Mon cancer related 6 (10.0%)
Progressive Disease (PD) | 12 (11.5%) Unknown 2(3.3%)
Complications Treatment
Related o

Table 9. Clinical, pathological and molecular characteristics of patients. Performance status (PS): O: without
limitations; 1: minimal limitations; 2: limitations. CT: chemotherapy (5FU/Capecitabine + Leucovorin + Oxaliplatin);
anti-EGFR: Panitumumab, Cetuximalb; CR: complete response; PR: partial response; SD: stable disease; PD: progres-
sive disease. Surgery along disease variable accounts for all patients that underwent any kind of surgery previous
and during our study.
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Figure 17. Kaplan-Meier plots corresponding to median OS and PFS of the cohort.

1.2. Clinicopathological and molecular characteristics association with outcome

We studied how the clinicopathological and molecular characteristics were associated
with OS and PFS results are shown in Table 10 and correspond to KM plots, Figure
18. Among all clinical variables, patients with a performance status (PS) of 1 or less,
patients that did not respond to treatment or those that did not undergo a radical sur-
gery during the study had statistically significant worse OS and PFS (Figures 18. A-C);
patients with multiple metastasis had also statistically significant worse OS but not
PFS (Figure 18.D). Among these variables, patients who underwent a radical surgery
during our study had a clear benefit in terms of survival and PFS. Moreover, the fact
of removing a more than possible source of chemokines can for sure affect our results.
Therefore, radical surgery was specially taken into account in every further analysis in
this study. This and the rest of the associated variables, fogether with age and sex, were
considered in the multivariable models of our study.



VARIABLES M (%) ALL OVERALL SURVIVAL [05) PROGRESSION FREE SURVIVAL (PF5)
MEDIAN IN MONTHS MEDIAN IN MONTHS
M= 104 (95% Ol HR (95% Cl, P VALUE) {95% C1) HR (95% CI, P VALUE)
Age at Diagnosis [IQR] | 66.5 [58.8,73.0] - 1.02 (0.99-1.04, p=0.148) 1.00 (0.98-1.02, p=0.76)
Sex
Male 74 (71.2%) 29,4 (19.7-NA) 1 11.5 (9.3-13.5) 1
Female 30 (28.8%) 203 [14.1-39.7) 1.24 (0.72-2.13, p=0.308) 11 (8.7-15.7) 1.37 [0.77-2.07, p=0.348)
Performance Status
[1] 41 (39.4%) 36 (30.1-MA) 1 17.2 (12-24.5) 1
z1l 63 (60.6%) 17.6 (14.5-25.3) 2.66 (1.47-4.81, p=0.0005) 10.1 [8.3-11.7) 2.23 [1.33-3.73, p=0.0008)
Primary Tumaor Site
Colon €6 (63.5%) 22.4 (15.1-30.6) 1 10,6 (9.1-12.8) 1
Rectum 38 (36.5%] 36 (20.1-NA) 0.58 (0.24-1.01, p=0.054) 12,2 (10.1-18.7} 0.84 [0.52-1.38, p=0.498)
Metastastic Site
Liver 51 (49.0%) 23 (18.4-MA) 1 10.2 (8.3-14.5) 1
Lung 11 (10.6%) 36 (36-NA) 0.49 (0.17-1.41, p=0.187) 14.1 (12.8-NA} 0.73 [0.34-1.55, p=0.408)
Liver + Lung 31 (29.8%] 23.1[13.3-33.4) 1.45 (0.82-2.56, p=0.193) 10.9 (8.7-13.5) 1,20 [0.74-1.95, p=0.451)
Other 11 (10.6%) 20.3 (12.6-MA) 1.00 [0.45-2.61, p=0.853) 9.1 [6.5-MA) 0.93 [0.45-1.91, p=0.836)
Oliga/Multiple
Metastasis
< 5 Metastasis 37 (30.8%) MNA [19.7-NA) 1 12.8 (9.8-16.6) 1
= 5 Metlastasis 72 (69.2%) 20,3 [15.3-30.6) 2,28 (1.23-4.24, p=0.007) 10.7 (8.7-12.7) 1.07 (0.63-1.82, p=0.801)
First Line Treatment
Chemotherapy (CT) 37 (35.6%) 39.7 (17.1-NA) 1 9.1(7.7-23.2) 1
CT + Bevatizumab 40 (38.5%) 23.1(19.7-33.4) 1.49(0.82-2.70, p=0.188) 12 (9.8-16.5) 0.82 (0.48-1.43, p=0.492)
CT + anti-EGFR 27 (26.0%) 30.6 (15.3-NA) 0.96 (0.48-2.00, p=0.950) 11.7(10.2-15.1) 0.90 [0.458-1.69, p=0.743)
Response Evaluation
CR/PR 64 (64%) 33.4 (25.3-NA) 1 12.7 (11-16.6) 1
SDfPD 36 (3I6%) 13.8 (10.5-22.4) 2.50 (1.5-4.18, p=0.0001}) 7 (6.6-11.5) 3,29 (2.00-5.41, p<0.0001)
Radical Surgery
Yes 23 (22.1%) - 1 1
No 81 (77.9%) 19.6 [15.5-27.4) 2,95 (1.65-5.28, p<0.0:01) 10.6 [9.1-12.4) 2.95 {1.65-5.28, p<0.001)
M1/ MES
M5l 5 (4.8%) 17.8(14.1-MA) 1 9.1 (6.6-MA) 1
M55 T5(72.1%) 19.4 [21.4-39.7) 0.69 (0.25-1.92, p=0.473) 11.7(9.8-14.1) 0.39 [0.15-1.01, p=0.051)
Unknown 24 (23.1%)
BRAF and KRAS
mutation
BRAF mut 4 (3.8%) 16.2 (11.6-NA) 1 9.1 (5.8-MA) 1
MRAS mut 9(8.7%) 17.2 (7.5-NA) 1.53 (0.39-5.98, p=0.541) 9.1 (7.5-NA) 0,89 (0.23-3.4, p=0.865)
KRAS mut 46 (44.2%) 25.3 (17.8-36) 0.84 (0.26-2.79, p=0.782) 11.6 (8.9-14.8) 0.43 [0.13-1.43, p=0.168)
WT 43 (41.3%) 39.7 (20.1-NA) 0.52 (0.15-1.74, p=0.288) 12.8 (10.6-15.7) 0.43 [0.13-1.45, p=0.1T71)
Unknown 2 [1.9%)

Table 10. Clinical and molecular characteristics and their association with OS and PFS. Median OS and
median PFS were estimated with the log-rank test. Univariate Cox regression hazard ratios (HR) and corresponding
95% confidence intervals (CIs) are shown. [IQR] interquartile range. In bold, all statistically significant results with p

values under 0.05.

Results 77



(k-]

Overall Survival

0TS

0244

PERFORMANCE STATUS

p = 0.00046

[] 12 3 » 48
Months from first treatment initiation

Al risk {exitus)

iL] P2 42

m— 41(0) 41(0) 41(0) 37(3) 29(8) 22(10) 15{12) 10{15) 3{15) 2(15}

63(0) 55(7) 55(T) 44(17) 30(31) 21(38) 17(40) T(44) 1(45) 0(45)

B
RESPONSE EVALUATION
1.00
3 o g
7 e
L '§
— a
E .25 §
'5 p=0.00012 4
(o1 1]
a L] iz 18 H M) » 47 &8 =4
Months from first treatment initiation
At risk (exitus)
= GE(0) 65(1) 61(3) 45(16) 32(21) 25(25) 13(30) 2(31) 2(31) 0(31)
36(0) 29(6) 9(16) 14(21) 10(25) T(25) 4(27) 2(27) O{27) 0(27)
Cc
RADICAL SURGERY
100 —‘ﬁ
= g
& 0T w
< 5
o S
T 4
2 "1 p<0.001 g
o
(VL x]
o (] 13 1’& 4 ) s a2 43 =4
Months from first treatment initiation
Al risk (extus)
w— 23(0) 23(0) 21(1) 19(2) 16(2) 12(2) T(2) 2(2) 12 0[2)

81(0) T3(7) 60(19) 40({37) 27(46) 20(50) 10{57) 2(58)1(58) 0(58)

78 Results

Progression Free

Survival

Survival

m— ]
=1
100
]
2
£ 050
=
wy
025
p = 0.00084
]
o [ L] 18 | b\ b3 &
Months from first treatment initiation
At risk (progressions/exitus)
w 41(0) 34(2) 18(13) 11(1T) 5(21) 2(23) 0(24) 0(24)
B3(0) 48(10) 15(35) 3(47) 2(4B) 1(49) 1(49) 1(49)
- CR/FR
sSDIPD
.00
TS
0.5
s
p < 0.0001
[+ o]
-] & 12 ] 24 My ] 42
Months from first treatment initiation
Al risk (progressions/exitus)
== GG(0) S56(1) 26(22) 13(33) T{IT) 3(40) 1(41) 0(42)
IG0) 22(11)  6(24) 1(29) 0(30) 0(30) O30} 0(30)
e 5]
No
1.00
ars
050
0. p = 0.0001
.0
o ] 12 L] FL =0 ] a2 A4 54
Months from first treatment initiation
Al nisk (progressionslexitus)
w— 23(0) 22(1) 18(4) 13(8) 6{12) 3(14) 2(14) 0(14) 0{14) 0{14)

81(0) 6B(12) 32(48) 13(64) 7(68) 3(71) 1(T2) 0O(73) O(73) O(T3)



D , — <5 Metastasis
OLIGO/MULTIPLE METASTASIS , .
>=5 Metastasis

1.00 o 100 L™
- o
- ii\\_‘—‘— g
.2 [l -] w - by
£ &3
wn oS w >
% 3
) [=1]
5" p = 0.0074 £ p=08 '_‘—\El
N 0 -] 12 18 M 0 k] 43 48 L ] o [} 12 18 E'l .‘I: » &2
Months from first treatment initiation Months from first treatment initiation
At nisk (extus) At risk (progressions/extus)
w— 42(0) 30(2) 29(3) 22(9) 17(11) 13(12) 10(13) 2(13) 1(13) 0(13) = 32(0) 26(2) 9(11) 317} 1{1E) 0O(18) 0(19) 0(19)
T1(0) 65(5) S1(17) IT(I6) 26(3T) 19(40) T(46) 2(47) 1(47) 0(47) TA(0) 55(10) 23(37) 11(47) 6(51) (53} 1(54) 0(55)

Figure 18. Kaplan-Meier plots of indicated variables that were statistically associated with OS and/or PFS.

P value, HR and 95% CI according fo univariate COX model.

OBJECTIVE 2

2. 1. CXC chemokines distribution and principal component analysis (PCA) of our
CXC Luminex® panel

To study our chemokines distribution at each time-points, we analyzed each chemokine
central tendency for all three tfime-points: PRET, EVAR and PROG, (Figure 19.A. corres-
ponding to PRET levels, EVAR and PROG are shown in Annex V). Considering it and that
the sample size is small, we choose the median as the cutoff point, as our chemokines
did not follow a normal distribution. Normality tests were not necessary as the distri-
bution graphs clearly show that CXC chemokines did not follow a normal distribution at
any fime-point.

Additionally, as can be observed in Figure 19.A-C. all CXC chemokines were logarith-
mically tfransformation (Log2). This was necessary for the principal component analysis
(PCA), aiming to achieve normality and reduce skewness.

Exploratory data analysis was carried out by using principal component analysis (PCA).
Although in this project we are studying eleven variables instead of a large dataset
of possible biomarkers, we still performed the PCA with the objective of reducing the
number of variables (chemokines), while preserving as much information as possible.
This method could allow us to simplify our subsequent analysis. We grouped our CXC
chemokines based on their variability according to the dimensional-reduction method,
the PCA.

The SCREE plot (Figure 19.B) consists of a simple line segment plot that shows the
eigenvalues for each individual PC. It looks for the “elbow” in the curve and selects all
components just before the line flattens out. In our 11 CXC chemokine model, PC1 starts
high on the left, falling rather quickly and then flattening out at the fourth dimension
(PC4). This is because the first component usually explains much of the overall variabi-
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lity, in our study, as much as 43.9%; the next components PC2, PC3 and PC4 explained
only a moderate amount of this variability (19.64%, 12.8% and 6.25%, respectively). Also,
we wanted to analyze the importance of each variable individually, by studying their
loading (Figure 19.C). The loading equals to variables coefficients and explains which
variable gives the largest contribution to the component. It is numerical and goes from
-1 to 1 absolute values. In the first component (PC1) we can see how CXCL8, alongside
to the absolute value, correlates positively (+ sign) and strongly influences the compo-
nent. Nevertheless, it is closely followed by other 6 CXCs. Similar results were found in
PC2 regarding CXCLS; in the other two dimensions (PC3 and PC4), some CXCs are ne-
gatively correlated with the components (negative signs). In summary, since the elbow
values do not recall most of the variability in our model, and because every CXC recall
similar loadings of the variation along the PCs, the clustering of CXCs is not a good way
to describe and analyze the data. Therefore, each CXC will be further analyzed indivi-
dually.
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Figure 19.A. Histograms of all eleven CXC chemokines levels at PRET. Left. Histograms of the distribution.
Right. Histogram of the Log2-transformed distribution. B. Scree plot of Principal Component Analysis (PCA) of
all 11 CXC chemokines showing the total variance explained for each component (PC). Eigenvalue (bars) and
cumulative variability (red line connecting dots, %) are presented for the first 9 factors. C. Computing of all

variables on the first four PCs and their corresponding loadings.

2.2. Time-point dynamics of CXC chemokines along the treatment

We hypothesized that the levels of the studied chemokines may vary according to the
fime-point at which the sample of blood was obtained. We compared the basal le-
vels (PRET) with the ones found after a median of three months of first-line freatment
(EVAR) and those taken at the time of tumor progression or end of study (PROG/LFUP).
Values of each time-point corresponding to each of the studied chemokines are shown
in Table 11 and in the box plots of Figure 20. As it can be observed, the highest CXC
levels were found in the PRET samples; in general, there was a decrease in the EVAR
samples that was followed by an increase at PROG/LFUP; nevertheless, the levels at
this time-point never reached the ones found in PRET samples.

Angiogenic PRET EVAR PROG/LFUP | PRET-EVAR | EVAR-PROG | PRET-PROG
CXCL1 283.3 [196.7;3587.2] 162.8 [124.5;217.7] 242.7 [182.8;286.7] 6.5e-09 3.1e-08 0.036
CXCL2 686.9 [475.2;950.6] 291.0 [204.1;456.5] 408.7 [254.5:612.2] 3.1e-09 3.3e-05 0.00055
CXCLS 7457 [547.4;1041.6] | 373.3 [254.5529.3) | 518.7 [441.2;664.5) 1.4e-08 0.00029 8,00€-06
CXCLE 57.0 [42.7:82.1] 320(229:46.1] | 386 [28.3:50.8] 1.2e09 0.12 1.5e-05
CXCLE 54.9 [30.5:135.7] 32.2 [15.4:79.2] 33.5 [20.7,95.2] 0.00085 0.0066 0.021
CXCL12 500.8 [437.4:563.1] | 3680 [325.1:404.4] | 402.1 [263.4.4512] | 2.2e09 0.2 8.6e-06

Angiostatic PRET EVAR l PROG/LFUP | PRET-EVAR | EVAR-PROG | PRET-PROG
CXCL9 12.9 [8.9;21.1] 10.0 [6.9;16.0) 10.5 [8.4;14.5] 0.038 0.21 0,033
CX¥CL10 178.8 [123.3;271.2] 139.6 [106.8;191.4] 160.1 [129.8;198.1] 0.46 0.14 0.78
C¥CL11 29.6 [20.4;47.5] 20.0 [14.4;30.0 28.1[20.1;40.5] 0.0022 0.00071 0.36
CHCL13 27.4 [19.0;41.1] 27.1[18.5;36.9] 24.9 [18.0;34.2) 0.45 0.26 0.64
CXCL16 516.0 [427.0;588.8] 478.6 [431.9;561.1] 646.7 |525.5;735.5] 9.6-05 0.3 2.0e-05

Table 11. Comparison of the median levels (pg/mL) of the eleven CXCs under study found in serum
obtained at specified time-points. P values correspond to paired t-test. [IQR] interquartile range. In bold, all
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statistically significant results (p <0.05).

However, we observed these patterns were different if we took into account the CXC
role as angiogenic or angiostatic factors. All angiogenic chemokines displayed a similar
pattern of changes during the study course: levels were high at baseline, followed by a
reduction at EVAR and an increase at PROG/FOLLOW-UP (Figure 20.A). Most of these
differences were statistically significant (Table 11, angiogenic). On the other hand, the
pattern of changes corresponding to angiostatic CXCs (Figure 20.B) was very hetero-
geneous with almost a different one observed for each angiostatic CXC (Figure 20.D;
Table 11, angiostatic).
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Figure 20. Dynamics of the levels of specified CXC chemokines along the study. Figure A and B: angiongenic
(CXCL1, 2, 5, 6, 8 & 12) chemokines. Figure C and D: angiostatic (CXCL9, 10, 11, 13 & 16) chemokines. The horizontal line

in each data cluster represents the median value.

We wonder whether these patterns were different according to the patients’ response
to treatment. We therefore divided the patients in responders (R = CR/PR) and non-res-
ponders (NR = SD/PD) and studied their CXC pattern of changes. Values of each ti-

me-point corresponding to each CXC based on patients’ response are shown in Table
12 and in the box plots of Figure 21.

Interestingly, we observed the same pattern of changes among angiogenic Figure
21.A and angiostatic Figure 21.B CXCs regardless of the response to treatment.
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CHEMOKINES TIME-POINTS P VALUE
PRET EVAR PROG/LFUP PRET-EVAR EVAR-PROG PRET-PROG
Angiogenic [ MR R NR R NR - - - . - =
N=68 N=36 N=45 N=18 N=33 N=10
2704 3105 155.8 174.9 2488 2638 2005
e [191.;367.0] | [227.9:426.8] | [117.1;213.6] | [145.3;219.8] | [183.2;302.5) | [201.5;337.4] el Il = A e
655.5 B1B.7 2603 369.5 3692 480.4
(463.1,865.5]| [556.4,1213.6] | [188.3:400.5] | [230.8:510.8] | [229.1:509.9] | [360.8:550.6) | ~o o0 | 00019 | 00035 | 03 | 00017 | 0084
TI0.7 8423 356.8 45893 551.7 554.5
CXCLS 24610 | 0.0034 | 7.0e-04 | 069 | 12e-04 | 016
[546.0;977.2]| [614.0:1189.2] | [237.5;508.0] | [359.6;599.6] | [445.9:690.4) | [492.4:692.8)
542 s 30.1 3.6 8.0
CXCLE 63.3 [47.3:83.9) J : 13008 | 25e-04 | 022 0.3 0.0017 | 0.002
[40.5;78.8] t I [22.845.7] | [24.8:458) | [31.25500 | [28.1;51.0]
52.0 1.4 36 S6.6 a37 618
CXCLE 4.9e04 0.2 0.0083 0.31 0084 0.5
[29.4;155.3] | [37.1;131.0) 112.4:40.7] 122.2;97.7] [24.6:599.5) [30.4;258.5]
481 5228 3549 3761 3580 4176
11e08 | 21004 | 037 1 19¢-04 | 0.014
Coeua [437.4;551.4]| [438.7,611.4] | [316.0;398.3] | [338.5:419.6] | [3561.7:454.7] | [383.8:462.2) “
PRET EVAR PROG/LFUP PRET-EVAR EVAR-PROG PRET-PROG
Angiostatic [ MR [ NR R NR - - - - - =
N =68 N =36 N=45 N=18 N=33 N=10
125 158 8.1 1.0 10.9 13.8
SHLL B9:81) | [192296] | [66245] | (82196 | (69143 | [egz2s | ®919 | 073 | 083 | 007 [ 019 2z
177.3 183.8 135.0 1713 162.5 186.3
CXCLLD 1122.0:218.9)| [128.5372.1] | [103.7:078.9) | [115.9:280.7] | [136.3:195.6) | psoszers) | P .77 048 a.gre aa7 077
8.3 i 250 28.0 8.9 i . -
cxcL (20.3,43.4 [0 12125900168 142:235]| | oo 208377 | [29.4671] 00036 | 017 0.06 0.016 0.8 077
6.0 ) _ . 242 58 8.4
CHCL13 [18.2:39.1] 28,0 [X2.2;45.9)(28.4 [18.9;40.2) [18.4:34.8] (20.2:32.1]) [20.0:53.8] 0.24 0,64 015 0.94 0.78 028
4598.4 528.7 4734 545.7 G505 5641
OICLIE Loy os81.2)| (427.2:588.6] | [423.1539.1] | (452.1,619.8] | [580.7:736.2] | @7e0mrzy | O3F | 039 | S4e0S | 0078 | ddeDs | 062

Table 12. Comparison of the median levels (pg/mL) of the eleven CXCs under study found in serum obtained
at specified time-points in responders (R) and non-responders (NR). P values correspond to paired t-test. [IQR]
inferquartile range. In bold, all statistically significant results (p <0.05).
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Figure 21. Dynamics of all CXC chemokine levels along the study comparing responder and non-responder
patients. A: angiongenic (CXCL1, 2, 5, 6, 8 & 12) chemokines. B: angiostatic (CXCL9, 10, 11, 13 & 16) chemokines. The

horizontal line in each data cluster represents the median value.

2.3. Multidimensional analysis of CXC PRET levels with clinicopathological and
molecular patients’ features

We performed a mulfidimensional analysis to study the distribution of the basal levels
of the different CXC and according to the patients’ clinicopathological characteristics.
The heatmap in Figure 22 shows the unsupervised distribution of the CXC chemokines.
There was no evident association of any CXC cluster with the clinicopathological cha-
racteristics. However, we observed two well-differentiated groups that corresponded to
highly and lowly abundant CXCs at PRET. The highly abundant group, depicted in ye-
llow-orange in the heatmap, included CXCL1, 2, 5, 10, 12, and 16; interestingly, except for
CXCL10 and 16 which are angiostatic, the rest are classified as angiogenic. In contrast,
the low levels group, depicted in blue tones, mostly includes angiostatic chemokines
(CXCLS, 9, 10, 11, and 13) with the exception of CXCLS.
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Figure 22. Heatmap showing the unsupervised distribution of CXC chemokines’ levels in PRET sam-

ples and according to clinicopathological variables.

2.4. Association of PRET, EVAR and PROG CXC chemokines levels with patients’
clinicopathological and molecular characteristics and with response to treatment

We then investigated the possible associations between the CXC levels at the three
fime-points and the clinicopathological and molecular characteristics of patients as
well as their association with response to first-line treatment. All results can be found
in the Annex VI and here we only show statistically significant associations (Table 13
and Figure 23).

The majority of statistically significant associations were found in PRET samples. Of
all CXC studied, CXCL1, CXCL2, CXCL5, CXCL8 and CXCL16 were the most frequently
associated with the features investigated here. All these chemokines were associated
with number and/or target organ of metastasis; specifically, in PRET samples, high le-
vels of CXCL1, CXCL5 and CXCL16 were associated with lung metastasis and liver and
lung metastasis while higher levels of CXCL8 and CXCL12 were found in samples from
patients with liver metastasis only. High CXCL8 was also associated with liver and lung
metastasis; however, patients with peritoneum metastasis had lower levels of CXCL8.
Patients with multiple metastasis had higher levels of CXCL1, 2, 6, 8 and 9 at PRET and
of CXCL8 at EVAR samples. Patients whose primary fumour was located at the colon,



displayed higher levels of CXCL2 at PRET and PROG/LFUP samples. Females had hi-
gher levels of CXCL16 than males at PRET and EVAR samples; higher levels of CXCL5 at
EVAR were also found in females. Regarding RAS and BRAF mutations, we found higher
levels of CXCL16 in samples obtained after treatment (EVAR) and at PROG/LFUP of
patients harbouring RAS mutations; patients harbouring BRAF mutant-tumours had
higher basal levels of CXCL5 and CXCL6. We did not find clear associations with first-li-
ne treatment schedules. Finally, patients who basally presented higher levels of CXCL16
and CXCL6 underwent surgery during the study more frequently.

One of our objectives was to demonstrate the possible predictive value of the chemo-
kines under study. In this regard, we studied their possible association with response to
first-line treatment. We found that patients who did not respond fo treatment had hi-
gher CXCL2 basal levels and higher CXCLS5, 8 and 11 at the time of response evaluation.

CLINICOPATHOLOGICAL CXC LEVELS
CHARACTERISTICS TIME-POINT SAMPLE CXC CHEMOKINE ASSOCIATION P VALUE
CXCL11 Low 0.045
PRET
) CXCL16 High 0.001
Sex , CxXCL2 Low 0.021
(Female) EVAR - -
CXCLS, 16 High <0.05
PROG CXCLS High 0.014
PRET CXCL2 High 0.049
Primary Tumor Site EVAR CXCLY High 0.012
(Colon)
PROG CXCL2 High 0.013
Liver Metastasis PRET CXCL1,8,12 High <0.04
. PRET CXCL1, 5,10, 16 High =0.05
Lung Metastasis — - ) .
EVAR CXCLG, CXCL13 High <0.03
Peritoneum Metastasis PRET CXCLB Low 0.01
. Metastatic Site ‘ PRET CXCL1,5, 8, 16 High <0.04
(Liver + Lung Metastasis)
) ) PRET CXCL1,2,6,8,9 High <0.04
Wbz D EVAR CXCLS High 0.045
(Multiple Metastasis)
PROG CXCL12 High 0.036
First Line Treatment Type EVAR CXCL16 High 0.042
{Chemotherapy Alone) PROG CXCLE Low 0.027
Response Evaluation PRET CXCL2 High 0.026
(Non-Responders) EVAR CXCL5, 8,11 High <0.03
, PRET CXCLE, 16 Low =0.04
Radical Surgery
PROG CXCLB, 9 Low <0.04
BRAF Mutation PRET CXCLS, 6 High <0.02
EVAR CXCL16 High 0.001
RAS Mutation CXCL10,12 Low <0.05
PROG
CXCL1G High 0.025

Table 13. Associations of chemokines’ levels with clinico-pathological and molecular variables as well as
with response to treatment, according to the different time-points studied. P values correspond to the Krus-
kal-Wallis test; Grouped p values for more than one statistically significant CXC. The exact low/high values for each

chemokine are shown in Annex VI.
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Figure 23. Serum levels of the statistically significant chemokines along the time-points PRET, EVAR and
PROG/FLUP and their association with the indicated features. The horizontal line in each boxplot represents the
median value. P values correspond to the Kruskal-Wallis test.
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2.5. CXC chemokines serum levels and their association with OS and PFS

We investigated the possible role of the CXC chemokines under study as prognostic
markers of PFS and OS. Here, we only show results concerning PRET samples and chan-
ges between PRET and EVAR samples. Results taking into account CXC levels at EVAR
and PROG are shown in the Annex VII.

As commented before, we found that 22% of our patients had a radical surgery during
the study and that this had a clear impact in survival. We considered that the fact of
removing a fumor mass could strongly affect the amount of CXC found in blood as it
can be considered as a source of releasing them?®*“, having an impact in our results.
We therefore proceeded to study the prognostic role of our chemokines following two
different strategies:

1. To study OS and PFS in all 104 patients considering radical surgery, performance
status, age, and sex in the OS multivariate model since they have prognostic value.
In the case of PFS, patients who underwent surgery before tumour progression were
censored at the dafe of surgery. PS, age and sex were taken info account in the mul-
tivariate models.

2. To study OS and PFS in 81 patients that did not undergo radical surgery (from now
onwards, non-operated patients). PS, age, and sex were considered in the multivariate
models.

2.5.1. CXC chemokines serum levels and their association with OS and PFS in all
patients

2.5.1.1. Basal CXC levels and their association with OS and PFS

To study the association of PRET CXC levels with OS and PFS, we chose to categorize
the variable according tfo the median value of each CXC (above and below values).
Univariate and adjusted multivariate COX models were performed. A summary of the
results is shown in Table 14.

Median OS and PFS of our cohort were 25 and 11 months, respectively; According o the
univariate Kaplan-Meier and COX regression analysis we found that patients with high
PRET levels of CXCL1, 6, 8, and 9 had a worse OS. Of note, patients with high PRET levels
of CXCL13 displayed worse PFS and OS, being the latter statistically significant also in
the multivariate analysis (Figure 24).



cHEMOKNEs | MEDIAN MEDIAN 05 HR (95% CI, HRa (95% CI, MEDIAN PFS HR (95% CI, HRa (95% €,

’ LEVELS (95% C1) pvalue)’ p value) * (95% C1) p value) ' p value) *

o <283.334 36.0{23-NA) 1.82 (1.08-3.05, | 1.17 (0.67-2.05, 11.7(9.3-15.1) | 1.16(0.73-1.85, | 0.93(0.57-1.57,
>283.334 | 19.6 (15.3-30.6) p=0.024) p=0.583) 10.9 (9.1-13.6) p=0.529) p=0.568)

J—— <686.872 | 30.1(18.8-NA) | 1.34(0.81-2.23, | 097 (0.57-1.65, 12 {9.3-14.8) 1.07 (0.67-1.70, | 0.90(0.51-1.56,
2686.872 | 23.1(17.8-33.4) p=0.259) p=0.924) 10.9 (9.1-13.5) p=0.777) p=0.699)

ONCLS <745.744 32.4 (23-NA) 1.51(0.90-2.52, | 0.93 (0.53-1.66, 11.7 (8.1-18.7) 1.30 (0.82-2.08, 1.67 (0.86-3.23,
2745.744 | 20.1(15.3-35.2) p=0.118) p=0.815) 10.9 (9.8-13.4) p=0.267) p=0.129)

— <56.984 32.4 (24.3-NA] | 1,75 (1.05-2.91, | 1.50 (0.88-2.57, 11.7 {9.3-15.7) | 1.24 (0.78-1.95, 1.23 (0.73-2.06,
256.984 | 20.1(13.3-35.2) p=0.033) p=0.138) 10.7 (8.9-12.8) p=0.372) p=0.433)

P <54.93 35.2 (25.3-NA] | 1.88(1.12-3.17, | 1.59 (0.93-2.71, 11.7(9.3-14.8) | 1.12(0.70-1.77, | 0.81(0.45-1.46,
254,93 17.8 (15.1-29.4) p=0.018) p=0.088) 10.9 (2.1-13.5) p=0.639) p=0.483)

cHele <12.892 35.2 (22.4-NA] | 1,82 (1.08-3.08, | 1.68 (0.93-3.04, 12.2 (9.8-16.5) | 1.50 (0.53-2.40, 1.63 (0.85-3.12,
212,892 | 20.1(14.1-30.6) p=0.023) p=0.087) 10.6 (8.9-12.8) p=0.094) p=0.140)

ONeLLD <178.788 23 (17.2-NA) 1.23(0.74-2.05, | 0.95 (0.56-1.63, 11.6(8.3-15.1) | 1.18(0.74-1.87, | 0.65(0.34-1.24,
2178.7688 | 25.3(19.6-36) p=0.432) p=0.853) 10.9 (9.8-13.5) p=0.492) p=0.194)

oL <28.606 30.6(20.3-NA} | 1.46 (0.88-2.44, 1.16 (0.68-1.98, 11.6 (9.8-15.7) 1.42 (0.89-2.27, 1.46 (0.80-2.66,
229606 | 20.1(16.4-33.4) p=0.145) p=0.575 10.9 (8.1-13.4) p=0.143) p=0.213

oL <500.828 | 32.4(203-NA] | 1.39(0.84-2.32, 1.54 (0.90-2,66, 11.5 (9.3-15.7) 1.30 (0.82-2.08, 0.69 (0.37-1.28,
2500.828 | 20.1(15.1-39.7) p=0.201) p=0.119) 10,9 (9.1-13.5) p=0.267) p=0.242)

cHeLts <27.38 32.4 (253-NA) | 1,87 (1.12-3.12, | 1.84 (1.05-3.21, 12.7 (9.8-18.9) | 1,65(1.02-2.65, | 1.43(0.80-2.53,
227.38 17.8 (13.3-35.2) p=0.017) p=0.032) 10.7 (8.9-12.8) p=0.040) p=0.225)

L8 <515.97 35.2 (20.3-NA] | 1.63(0.97-2.73, | 1.46(0.84-2,54, 10.6 (9.3-17.2) | 1,52 (0.94-2.46, | 1.66(0.97-2.84,
251597 | 20.1(15.3-33.4) p=0.064) p=0.181) 11 {9.1-13.4) p=0.085) p=0.065)

Table 14. Serum PRET median levels of the eleven CXCs studied and the association with OS and PFS. Me-

dian OS and PFS (in months), P values, HR, and 95% CI correspond to univariate! and multivariate? COX models. HR
correspond to the category above the median respect to category below the median (by default = 1). The variables:
PS, radical surgery, age and sex were considered in the OS multivariate analysis; PS, age and sex in the PFS multiva-
riate analysis. In bold, all statistically significant results with a p <0.05.
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Figure 24. Kaplan-Meier survival curves showing OS and PFS of patients split according to the median
values of the indicated CXCs at PRET. P values, HR, and 95% CI shown correspond to univariate COX regression
analysis, except for OS in the case of CXCL13 for which values of the multivariate analysis are shown.

2.5.1.2 Dynamic changes of CXC levels between PRET and EVAR samples and
their association with OS and PFS

We observed that some chemokines decreased or increased at the time of response
evaluation (see section 2.2); this could be due to the influence of chemotherapy not
only on the fumour but also on the host itself. Therefore, we wanted fo investigate how
dynamic changes between PRET and EVAR levels could affect PFS and OS of patients.
The dynamic changes were evaluated as increase (higher in EVAR) or decrease (lower
in EVAR) of the CXC of interest. Univariate and adjusted multivariate COX models were
performed. Results are shown in Table 15. Dynamic changes of CXC levels between
PRET-PROG and EVAR-PROG are shown in Annex VIII.
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DYNAMIC CHANGES ASSOCIATION WITH RISK OF DEATH OR PROGRESSION. N = 63

‘ OVERALL SURVIVAL PROGRESSION FREE SURVIVAL
DYNAMIC HR (95%C], HRa (95%C], ‘ HR (95%CI, HRa (95%CI,
CHEMOKINES | ' " [MEDIAN (95% Cl) k) i) MEDIAN (95% CI) A vkl 2
CXCL1 Decrease | 27.4 (17.2-NA) | 1,10 (0.43-2.84, |3.64(1.11-11,91, | 11.5(9.9-14.8) | 173 (0.67-4.48, | 2.81 (0,99-7.94,
MEDIAN Increase | 26.6 (12.6-NA) p=0.843) p=0.033) 7.5 (6.5-NA) p=0.257) p=0.052)
CxCcL2 Decrease | 27.4 (15.5-NA) | 1,10 (0.45-2.65, | 0.53(0.20-1.39, | 11.5(9.9-14.8) | 1.24(0.52-2.97, | 1.79 (0.69-4.63,
MEDIAN Increase | 30.1 (18.4-NA) p=0.835) p=0.194) 8.1 (7-NA) p=0.628) p=0.230)
CXCLS Decrease | 25.3 (17.2-NA) | 1.39(0.33-5.82, | 1.05(0.22-4.95, | 10.6(9.8-14.1) | 181 (0.43-7.57, | 1.41(0.31-6.44,
MEDIAN Increase . p=0.653) p=0.947) - p=0.419) p=0.656)
CXCLG Decrease | 20.3 (15.1-35.2) | 4.07 (0.98-16.98, | 2.56(0.6-10.96, | 10.6(8.7-14.5) | 133 (0.47-3.74, | 1.24(0.43-3.56,
MEDIAN Increase - p=0.054) p=0.207) 14.1 (10.1-NA) p=0.594) p=0.695)
CXCLS Decrease | 29.4 (17.2-NA} | 1.42 (0.71-2.87, | 1.82 (0.88-3.78, | 11.5(9.8-16.6) | 1.45(0.71-2.93, | 1.44 (0.7-2.95,
MEDIAN Increase | 20.3 (12.3-NA) p=0.323) p=0.107) 9.8 (7-NA) p=0.307) p=0.318)
CXCL9 Decrease | 20.3(13.8-35.2) | 1,76 (0.88-3.53, | 1,32 (0.61-2.86, | 10.6(7.7-16.6) | 125 (0.66-2.34, | 1.16 (0.58-2.30,
MEDIAN Increase p=0.111) p=0.478) 10.2 (8.9-20.4) p=0.494) p=0.672)
CXCL10 Decrease | 20.3 (14.5-32.4) | 1,74 (0.87-3.50, | 1.67(0.81-3.43, | 10.6(9.3-12.7) | 152 (0.80-2.88, | 1.74 (0.90-3.27,
MEDIAN Increase | 39.7 (15.5-NA) p=0.117 =0.166) 10.2 (8.7-NA) =0.203) p=0.101)
CXCL11 Decrease | 30.1 (19.7-NA) | 168 (0.85-3.33, | 1.48(0.70-3.14, | 11.5(9.8-20.4) | 152 (0.80-2.89, | 1.33 (0.66-2.72,
MEDIAN Increase | 15.5 (13.3-NA) p=0.133) p=0.301) 10.2 (7.5-16.6) p=0.203) p=0.426)
CXCL12 Decrease | 20.3 (15.3-NA) | 2,05(0.63-6.7, | 1.68(0.49-5.81, | 10.6(9.3-14.5) | 1,03 (0.4-2.65 | 0.96(0.36-2.54,
MEDIAN Increase - p=0.235) =0.413) 14.1 (9.8-NA) p=0.949) p=0.935)
CcXCL13 Decrease | 15.3 (12.8-32.4) | 0,34 (0.17-0.67, | 0.34 (0.16-0.69, | 8.9(7.7-11.6) | 0.34 (0.17-0.67, | 0.34 (0.17-0.69,
MEDIAN Increase | 39.7 (25.3-NA) p=0.002) p=0.003) 14.5 (11.5-26.6) p=0.002) p=0.003)
cxcL1e | Decrease | 27.4(14.5-NA) | 449 (061-2.32, | 1.38 (0.70-2.73, | 10-2(7.8-14.1) |4 55(0.80-2.80, | 1.58 (0.81-3.10,
MEDIAN Increase | 23 (18.4-NA) p=0.603) p=0.350) 11.5 (9.8-26.6) p=0.205) p=0.181)

Table 15. Dynamic changes of CXC chemokines and their association with OS and PFS. Median OS and PFS
(in months; p values, HR, and 95% CI correspond to univariate! and mulfivariate? COX models. HR correspond to the
increase category respect to decrease category (by default = 1). The variables: PS, radical surgery, age and sex were
considered in the OS multivariate analysis; PS, age and sex in the PFS multivariate analysis. Statistically significant

results (p <0.05) are highlighted in bold.

In the analysis of the dynamic changes, we found that patients with increased levels of
CXCL13 af EVAR, had better OS and PFS according to both, univariate and multivariate
models (Figure 25).
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Figure 25. Kaplan-Meier plots showing OS and PFS of patients split according to CXCL13 increase or decrea-
se at EVAR. P values, HRa, and 95%CI correspond to COX multivariate analysis.
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Contingency Table

So far, CXCL13 levels appear to be robustly associated with prognostic in our patients’
cohort. However, while with PRET samples levels above the median were a bad prog-
nostic factor, in the case of dynamic changes, it appears that those patients in which
CXCL13 increases after 3 months of freatment are the ones with the best prognostic. In
view of these apparently contradictory results, we wanted to analyse further our results.
First, we have to take into account that 40% of the patients are lost in the analysis of
dynamic changes as we did not have an EVAR sample. This 40% represents a big group
of patients, and we had to discard the possibility that by only being able to analyse the
60%, we are selecting a population with some clinical characteristic that could be in-
fluencing our results. In order to do that we explore possible correlations among the sex,
performance status, first-line treatment, response to treatment and radical surgery (Ta-
ble 16). No statistically significant associations were found, except for the proportion of
patients with disease progression as response to freatment. This was significantly lower
in the group of patients with an EVAR sample (2.9% vs 8.7% p = 0.027). Therefore, based
on the results, it seems like we are not favoring any clinical feature in the analysis of our
patients with available EVAR samples.

PATIENTS WITH AND WITHOUT EVAR

SAMPLE
SEX NOEVAR | YESEVAR TOTAL
COUNT 29 45 74
il % from the total 27.9% 43.3% 71.2%
FEMALE COUNT 12 18 30 P value
% from the total 11.5% 17.3% 28.8% X? Pearson test 0.939
COUNT 41 63 104 Fisher's test 1.000
Lol % from the total 39.4% 60.6% 100% | Valid Cases 104
PERFORMANCE STATUS NO EVAR | YESEVAR TOTAL
WITHOUT COUNT 14 27 41
LIMITATIONS % fromthe total 13.5% 26.0% 39.4%
MINIMAL COUNT 24 35 59
LIMITATIONS % from the total 23.1% 33.7% 56.7%
COUNT 3 1 4 alue
UNRTATIONS % from the total 2.9% 1.0% 3.8% X* Pearson test 0.268
COUNT 41 63 104 Fisher's test 0.293
TOTAL % from the total 39.4% 60.6% 100% Valid Cases 104
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Contingency Table

FIRST LINE TREATMENT NO EVAR YES EVAR TOTAL
CHEMOTHERAPY COUNT 18 20 38
ALONE % from the total 40% 19.2% 36.5%
CHEMOTHERAPY + COUNT 16 23 39
BEVACIZUMAB % from the total 15.4% 22.1% 37.5%
CHEMOTERAPY + COUNT 7 20 27
ANTI-EGFR % from the total 6.7% 19.2% 26.0% X2 Pearson test 0.212
TOTAL COUNT 41 63 104 Fisher's test 0.207
% from the total 39.4% 60.6% 100% Valid Cases 104
RESPONSE TO TREATMENT NO EVAR YES EVAR TOTAL
COMPLETE COUNT 1 0 1
RESPONSE (CD) % from the total 1.0% 0.0% 1.0%
PARTIAL RESPONSE COUNT 22 45 67
(PR) % from the total 21.2% 43.3% 64.4%
STABLE DISEASE COUNT 9 15 24
(SD) % from the total 8.7% 14.4% 23.1%
PROGRESSIVE COUNT 5 3 12
DISEASE (PD) % from the total 8.7% 2.9% 11.5% X2 Pearson test 0.027
TOTAL COUNT 41 63 104 Fisher's test 0.019
% from the total 39.4% 60.6% 100% Valid Cases 104
RESPONSE TO TREATMENT GROUPED NO EVAR YES EVAR TOTAL
RESPONDERS COUNT 23 45 63
(CR, PR) % from the total 22.1% 43.3% 65.4%
NON RESPONDERS COUNT 18 18 36 | I
(SD, PD) % from the total 17.3% 17.3% 34.6% X* Pearson test 0.108
‘ COUNT 41 63 104 Fisher's test 0.140
TOTAL % from the total 39.4% 60.6% 100% Valid Cases 104
RADICAL SURGERY NO EVAR YES EVAR TOTAL
NO RADICAL COUNT 33 438 81
SURGERY % from the total 31.7% 46.2% 77.9%
RADICAL COUNT 8 15 23 I ol |
SURGERY % from the total 7.7% 14.4% 22.1% X* Pearson test 0.606
TOTAL COUNT 41 63 104 Fisher's test 0.639
% from the total 39.4% 60.6% 100% Valid Cases 104

Table 16. Associations of clinical variables in patients with and without EVAR sample.

To further explore our results, we created the 4 categories as indicated in Table 17.
Patients whose CXCL13 levels increased affer 3 months of treatment had the best OS
(Figure 26.A, left panel) and PFS (Figure 26.B, left panel), regardless of whether their
PRET levels were high or low. However, it is noteworthy that it was those patients with
low PRET levels that increased in the EVAR sample that had a clearly better prognosis
(Table 17 and Figure 26.A-B, right panels).
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Table 17. The dynamic changes (increase-decrease) were divided in 4 categories as described in the table.
For each category: median OS and PFS in months; HR correspond to the increase category respect to decrease
category (by default = 1). HR, 95% CI and p value correspond o univariate analysis.
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Figure 26. Kaplan-Meier plots showing OS (A) and PFS (B) of patients split according to PRET CXCL13 levels
and Dynamic change at EVAR. For OS and PFS comparing low PRET-increase (right graphs, A and B) p value, HR,
and 95% CI correspond to COX univariate analysis.
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2.5.2. CXC chemokines serum levels and their association with OS and PFS in pa-

tients who did not undergo radical surgery during the study

As explained before, we wanted to specifically investigate the role of our selected CXC
chemokines in the subgroup of patients that did not undergo radical surgery during the
study (N = 81). This group would represent our ideal study population since the fact that
they did not undergo surgery eliminates a clear confounding factor and allows us to
analyse results without statistical bias. Nevertheless, the reduction in the total number of

patients has to be taken info account as it can also affect the outcome.

The following sections show the same analysis we performed in all samples but in this

case, only in the non-operated patients.

2.5.2.1. Basal CXC levels and their association with OS and PFS in non-operated

patients

We studied the association of PRET CXC levels with OS and PFS. Following the same
methodology as before, we chose to categorize the variable according to the median
value of each CXC. Univariate and adjusted multivariate COX models were performed.

Results are shown in Table 18.

BASAL LEVELS ASSOCIATION WITH RISK OF DEATH OR PROGRESSION. N = 81

OVERALL SURVIVAL PROGRESSION FREE SURVIVAL
cHEmoKines | MEDIAN [ MEDIAN o5 HR (95% CI, HRa (95%Cl, | MEDIAN PFS HR (95% Cl, HRa (95% Cl,

LEVELS (95% €1) pvalue) p value) * (95% CI) p value) ' p value) *

— <298.044 | 203 (16.4-334) | 4 90 (0.72-2.02, | 0.93 (0.52-1.64, | 10-6(B5-14.1) | 3 95(0.72-1.83, | 0.90 (0.55-1.45,
2298.044 | 17.8({14.1-30.6) p=0.484) p=0.792) 10.2 (7.8-13.9) p=0.560) p=0.693)

oxciz <695.772 | 19.7(14.1-36) | 4 o (063-1.78, | 0.97 (0.57-1.65, | 11-7(78-145) | 414 (072.1.82, | 1.03 (0.64-1.67,
2695.772 | 18.4 (15.1-30.6) pu0.833) pu0.916) 10.1 (8.7-12.3) pu0.570) p=0.836)

oxcts <794.052 | 18.8(16.4-324) | 4 03 (0.61-1.72, | 0.86 (0.48-1.56, | 377141 | 493 (070-1.77, | 1.42 (0.88-2.29,
2794.052 | 19.6 {13.4-30.6) p=0.932) p=0.624) 10.7 (9.1-13.5) p=0.653) p=0.153)

oxels <60.176 | 19.7 (17.2-324) | 4 16 p65.1.96, | 1.44 (0.82-251, | 10-2(8B7-14.1) | 35y 1076195, | 1.42 j0.88-2.29,
260,176 | 18.8(12-30.6) p=0.577) p=0.203) 10.6 (7.8-12.7) p=0.419) p=0.153)

xcls <66.648 | 24.3(19.7-NA) | 429 (1.01-2.88, | 1.54 (0.90-2.65, | 106191141} | 545 1070-1.78, | 0.96 (0.59-1.54,
266,648 | 15.5 (13.3-23.1) p=0.047) p=0.117) 10.2 (7.8-12.4) p=0.633) p=D.851)

oxcs <13.016 | 25.3 (17.2-NA) | 4 74(1.03-2.94, | 1.60 (0.87-2.94, | 11.7(32-15.1) | 457 (pag.2.52, | 154 [0.90-2.63,
213.016 | 17.8 (12.1-23.1) p=0.039) p=0.128) 5.8 (7.7-12) p=0.052) p=0.117)

- <180.744 | 18.4(15.1-NA) | 4 94 (067-1.91, | 105 (0.60-1.82, | 10-2(B7-14.5) | 4 26 (n.79-2.02, | 1.25 (0.76-2.04,
2180.744 | 20.3(14.1-30.1)) p=0.632) p=0.869) 10.6 (8.3-12.8) p=0.327) p=0.373)

— <30.724 | 19.7(16.4-35.2) | 4 15(069-1.93, | 1.12 (0.66-1.92, | 107 (9.2-145) | 1 59 (0.81-2.07, | 1.35 (0.84-2.19,
230724 | 19.6 (13.4-30.1) S]] s bl 10.1 (7.8-13.4) -] il

excaz <501.576 | 253(184-36) | 4 44 (p86-2.43, | 157 (0.90-2.75, | 10-2(B5-14.8) | 4 35(pas217, | 1.37 (0.85-2.22,
2501576 | 16.4 (12.1-24.3) p=0.167) p=0.111) 10.6 (8.3-12.7) p=0.207) p=0.201)

oxeLis <27.844 | 274 (19.7-NA) | 5 ng(1.21.3.45, | 2.01 (113359, | 122193163} | 5 94(1.19.3.18, | 1.84 (L09-3.13,
227804 | 151(12-23) p=0.008) pe0.008) 9.9 (7.8-11.7) p=0.008) p0.023)

oxeLi6 523392 | 19.7(17.2NA) | 4 1g(0.70-1.99, | 1.39 (0.80-2.41, | 102(89-165) | 4 g3(100.2.63, | 1.65 (1.00-2.74,
2523.392 | 17.2 (13.4-30.1) p=0.540) p=0.243) 10.7 (7.6-12.4) p=0.049) p=0.052)
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Table 18. Serum PRET median levels of the eleven CXCs studied and the association with OS and PFS in

non-operated patients. Median OS and PFS (in months), P values, HR, and 95% CIs correspond fo univariate! and
multivariate? COX models. HR correspond to the category above the median respect to category below the median
(by default = 1). The variables: PS, radical surgery, age and sex were considered in the OS multivariate analysis; PS,

Progression Free

age and sex in the PFS multivariate analysis. In bold, all statistically significant results with a p <0.05.

From the univariate Kaplan-Meier and COX regression models we found that patients with

high PRET levels of CXCL8 and 9 had a worse OS, while those with high levels of CXCL16
had a worse PFS. Noteworthy, patients with low levels of CXCL13 in PRET samples were
again found to have better OS and PFS in both, univariate and multivariate models. Even
in this case, the differences between groups appeared to be higher (Figure 27).
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2.5.2.2. Dynamic changes of CXC levels between PRET and EVAR samples and
their association with OS and PFS in non-operated patients

We repeated the analysis of dynamic changes comparing PRET and EVAR samples in
the non-operated patient’s cohort. Univariate and adjusted multivariate COX models
were performed. Results are shown in Table 19.

L) L L) L) L) LU L) L
0 PRO 10
DYNAMIC HR (95%CI, HRa (95%Cl, ‘ HR (95%CI, HRa (95%Cl,
CHEMOKINES| 0\ ce | MEDIAN (95% CI) Svalie) ekl MEDIAN (95% Cl) T LTS
cxcL1 Decrease | 18.8 (15.1-32.4) | 162 (0.62-4.24, | 3.92 (1.20-12.84, | 10.7 (9.8-14.5) [ 1.65 (0.64-4.27, | 2.57 (0.92-7.23,
MEDIAN Increase 17.8 (7.6-NA) p=0.328) p=0.084) 7.3 (6.5-NA) p=0.300) p=0.073)
CXCL2 Decrease | 18.8 (14.5-32.4) | 0,69 (0.28-1.70, | 0.43 (0.16-1.16, | 10.7 (9.8-14.5) | 1.19(0.50-2.85, | 1.69 (0.65-4.37,
MEDIAN Increase 19 (8.8-NA) p=0.425) p=0.095) 7.8 (7-NA) p=0.658) p=0.279)
CXCLS Decrease | 18.4 (14.5-30.6) | 1.38 (0.33-5.82, | 0.96 (0.20-4.63, | 10.1(8.9-12.7) | 1.88(0.45-7.86, | 1.51 (0.33-6.90,
MEDIAN Increase 30.1 (7.6-NA) p=0.659) p=0.958) 7(2.5-NA) p=0.389) p=0.598)
CXCL6 Decrease | 18.4 (13.8-30.1) | 221(0.53-9.31, | 2.12(0.49-9.16, | 9.9(7.8-12.7) | 1.36(0.48-3.83, | 1.25(0.43-3.60,
MEDIAN Increase - p=0.279) p=0.312) 14.1 (10.1-NA) p=0.565) p=0.677)
CXCLE Decrease 23 (15.3-NA) | 199 (0.96-4.12, | 1.87 (0.88-3.97, | 10.7(9.3-15.1) | 1.56(0.77-3.15, | 1.53 (0.75-3.13,
MEDIAN | |ncrease 13.3 (12-NA) p=0.065) p=0.104) 8.1 (6.8-NA) p=0.215) p=0.246)
CXCL9 Decrease | 18.8 (13.4-32.4) | 143 (0.71-2.89, | 1.08 (0.48-2.42, | 10.1(7.6-14.5) | 1.31(0.70-2.47, | 1.21(0.61-2.41,
MEDIAN Increase 23 (14.5-NA) p=0.322) p=0.858) 10.2 (8.7-20.4) p=0.354) p=0.586)
CXCL10 Decrease | 19.7 (14.1-30.6) | 1.23 (0.61-2.49, | 1.39 (0.67-2.87, | 9.9(8.1-124) | 1.59(0.84-3.01, | 1.79 (0.93-3.47,
MEDIAN Increase 17.2 (12.8-NA) p=0.562 p=0.376) 10.2 (7.8-NA) p=0.157) p=0.083)
cxcr1y | Decrease | 27.4(17.2-NA) | 5 0g(1.03-4.24, | 1.84 (0.87-3.92, | 10-6(9.3-204) | 4 44(0.76-2.74, | 1.25 (0.61-2.56,
MEDIAN Increase | 14.1 (12.6-NA) p=0.040) p=0.113) 8.9 (6.6-15.1) p=0.264) p=0.537)
CXCL12 Decrease | 17.2(14.1-30.6) | 1,62 (0.49-5.36, | 1.56 (0.44-5.44, | 10.1(8.1-12.7) | 0.99(0.39-2.55, | 0.95 (0.36-2.51,
MEDIAN | |ncrease | 27.4 (25.3-NA) p=0.433) p=0.489) 14.1 (9.8-NA) p=0.986) p=0.919)
cxcltaz | Decrease | 14.1(12.6-23) | 439 (0.15.0.63, | 0.32 (0.15-0.68, | 52 (7-108) | 031 (0.16-0.6, | 0.31(0.15-0.62,
MEDIAN Increase | 29.4 (18.8-NA) p=0.001) p=0.003) 14.3 (10.2-24.4) p=0.001) p=0.001}
CXCL16 Decrease | 15.5(13.3-30.6) | 1,40(0.70-2.80, | 1.40(0.69-2.85, | 9.8(7.6-12.7) [ 1,63 (0.87-3.03, | 1.73(0.88-3.39,
MEDIAN Increase 20.3 (15.3-NA) p=0.342) p=0.346) 11.5 (9.3-26.6) p=0.125) p=0.111}

Table 19. Dynamic changes of CXC chemokines and their association with OS and PFS in non-operated
patients. Median OS and PFS (in months); p values, HR, and 95% CI correspond to univariate! and multivariate? COX
models. HR correspond to the increase category respect to decrease category (by default = 1). The variables: PS,
radical surgery, age and sex were considered in the OS multivariate analysis; PS, age and sex in the PFS multivariate
analysis. Staftistically significant results (p <0.05) are highlighted in bold.

By far, the most interesting result here is the strong correlation between the increase
of CXCL13 levels at the EVAR sample and the better OS and PFS in both the univariate
and multivariate analysis; again, differences between groups appear to be higher than
when studying the whole cohort of patients. It is worth mentioning that, apart from
CXCL13, increased levels of CXCL11 at EVAR were associated with OS, but only in the
univariate analysis (Figure 28).
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Figure 28. Kaplan-Meier plots showing OS and PFS of CXCL11 and CXCL13 of patients split according to
increase or decrease at EVAR. P values, HRa, and 95%CI correspond o COX mulfivariate analysis, except for OS in

CXCL11 for which values of the univariate analysis are shown.

We followed the same methodology as we used for the whole cohort of patients and
split the patients into 4 categories according to the PRET and Dynamic changes of

CXCL13 (Table 20):

CXC13 LEVELS NON-OPERATED

0s PFS
PRET | DYNAMIC | _ - ,
teveLs | cHanGe | ATECORY | yepiay | HRIOS%CLp | yepay | HR(9S%CLp
value) value)
Decrease HIGH PRET - 13.6 ) 10.8 5
Decrease
Lk HIGH PRET 0.38 (0.12-1.25 0.60 (0.22-1.64
: 1 26 28 il 13.2 i
METE3E 1 ncrease 63 p=0.112) ’ p=0.316)
LOW PRET - 0.79 (0.33-1.88, 1.45 (0.59-3.52,
Decrease | - pecrease 15:3 p=0.588) ’ el
tow LOW PRET 0.28 (0.12-0.65 0.33 (0.14-0.75
| : .4 A - - 008)
MEME3E 1 ncrease 29 p=0.003) 146 p=0.008)

Table 20. The dynamic changes (increase-decrease) were divided in 4 categories as described in the table.
For each category: median OS and PFS in months; HR correspond to the increase category respect to decrease cate-
gory (by default = 1). HR, 95% CI and p value correspond fo univariate analysis.
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Similar results were obtained as with the whole cohort of patients and here even the
differences appeared to be stronger (Figure 29).
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Figure 29. Kaplan-Meier plots showing OS (A) and PFS (B) of patients split according to PRET CXCL13 levels
and Dynamic change at EVAR. P value, HRa, and 95% CI correspond to COX multivariate analysis.

2.6 Analysis of the specificity and sensitivity of CXCL13 as a prognostic biomar-
ker: ROC curve.

Based on the results obtained from the analysis of the eleven selected chemokines and
their association with outcome of patients, CXCL13 stands as the one showing most
robust results suggesting it could be used as a prognostic biomarker. We evaluated
the specificity and sensitivity of CXCL13 baseline levels when predicting risk of death
and progression at 12 and 30 months, in the whole cohort of patients. To evaluate its
potential as a biomarker, a receiver operator characteristic (ROC) curve analysis was
performed (Figure A-B).

The estimation cut-off value of CXCL13 PRET levels for the risk of death at 12 or 30
months was 28pg/mL (Figure 30.A). Similar cut-off points were obtained for the risk
of progression, at 12 and 30 months, 27.9pg/mL and 25.2pg/mL at 12 and 30 months,
respectively (Figure 30.B).

In the evaluation of risk of death, at 12 and 30 months, the especificity was 60.7% and
67.3% while sensitivity was 75% and 59.6%, respectively (Figure 30.A). In the case of
the evaluation of risk of progression at 12 and 30 months, specificity was 64.3% and
65.6% and sensitivity 60.4% and 63.9% respectively (Figure 30.B). These moderate spe-
cificity and sensitivity results on the CXCL13 cut-off values, suggest a limited prognostic
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effectiveness. Noteworthy, this CXCL13 cut-off value is close to the median CXCL13
value obtained in our in our study that was 27.38pg/mL.

Further a survival analysis was performed with those CXCL13 PRET level cut-off values
that displayed higher sensitivity and specificity, 28pg/mL at 12months and 25.2pg/mL
at 30months. Evaluating risk of death, patients with CXCL13 PRET levels lower levels
than 28pg/mL, were associated with better OS, p value = 0.0048 (Figure 30.C, left). Re-
garding risk of progression, patients with lower levels than 25.2pg/mL were associated
with better PFS, p value = 0.034, (Figure 30.C, right).

Treshold at 12 months (OS) Treshold at 30 months (OS)
="
280 [B0.T%, T5.0%) 3_;
£s-
- 8.0 [87 X%, Ja 8%
=
w
£ 9
&
0
&
100 sln o 100 el a
Specificity (%) Specificity (%)
Treshold at 12 months (PFS) . Treshold at 30 months (PFS)
E -

292 (B5.0%. BN
7.9 (0L.3%, B0.4A%)

40
I

Sensitivity (%)

'l_l_'
n

109 5 o L = L
Specificity (%) Specificity (%)
ROC cut-off peint at 12 months — .os ROC cut-off point at 30 months 55 -
of 28pg/mL g of 25 2pg/mL I

1004 ‘ﬂ‘_\-l

S

E® O %

2z

w = |

2 os0d h

g

& oz

p = 0.00048 : p=0034
000
E 12 18 4 30 ¥ LH 48 2 a 8 12 18 4 ] k- 42

Months from first treatment initiation Months from first treatment initiation

Figure 30. Receiver operating characteristic (ROC) curves and Kaplan-Meier plots. ROC curves evaluating risk
of death and risk of progression at the thresholds of 12 and 30 months. Kaplan-Meier survival curves for the CXCL13
PRET levels cut-off points with better specificity/sensitivity are shown. P value according to COX univariate analysis.
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OBJECTIVE 3

3.1. Study of CD20, CD3 and Vimentin in primary CRC tumors, presence of TLS
structures and their correlation to CXCL13 serum levels

For the IHC study we elaborated a TMA with primary tumor samples from a total of 26
patients (as explained before on material and methods, section 2.2) tissue in the para-
ffin blocks. Although performing this analysis in the metastases would have been more
appropriate, there was not metastatic tissue available from our patients.

Taking into account our results, the study of CXCL13 in patients’ tumors was the next
thing to do; however, the study of soluble factors by IHC is not trivial and in our expe-
rience, results are difficult to interpret.

Interestingly, CXCL13 is a chemokine that facilitates lymphoid neogenesis leading to
the formation of ectopic lymphoid-like structures in nonlymphoid organs, also referred
to as TLSs#9-2%, These TLSs are commonly found under chronic inflammation (infection,
cancer, and autoimmune diseases) in non-lymphoid tissues®2. In CRC, the presence
of these TLS is associated with TFH cells infiltration, which together with B cells, have
shown protection against tumor recurrence!*® and correlation with better outcome??,
Based on these CXCL13-TLS associations, we aimed to correlate the PRET CXCL13
serum levels with the presence of TLS in the primary tumors of 26 patients included in
our study. Although there is lack of consensus on how to determine TLS, here we iden-
tified them by studying B and T lymphocyte aggregates as in (PMID: 32947928). B and
T lymphocytes were identified by CD20* and CD3* stainings, respectively. An antibody
against vimentin was used to identify inflammatory regions.

Positive staining for anfi-human CD3 and anti-human CD20cy antibody was localized
to the lymphocyte membrane. As shown in Figure 31.A, we detected CD20 in 22 sam-
ples, 7 of which being classified as having more than 5 B lymphocytes. CD3 was detec-
ted in all samples; of them, 6 presented staining of more than 10 T lymphocytes. For
vimentin, positive staining was localized in the cytoplasm of stromal cells. Positivity was
assessed in three different categories, less than 25% positivity was identified, between
25 and 50%, and more than 50%. Most representative immunohistochemistry images
for vimentin staining are shown in Figure 31.B.

A mm <25%
m= HIGH B CELLS e HIGHT RS 25.50%
LOW B CELLS LOW T CELLS =>50%
NULL NULL
26 -
8 20 -
o
£ 16 o
15 (58% 8 (31%
s - (58%) 20 (77%) s
- 7 (27%)
4 (15%) 1 (4%)
CD20 CD3 VIMENTIN
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25% - 50%

Figure 31. CD20, CD3 and vimentin IHC staining. A. Staining positivity quantification of each category in our
patients samples (N=26). B. Representative example of all three vimentin staining categories in our samples.

We could only clearly identify an aggregate of CD20* and CD3* cells in the tumor stro-
ma region of the TR_18 case which was considered to be a TLS (Figure 32).

CD20

Figure 32. Identification of a TLS by hematoxylin and eosin (H&E) staining and by IHC staining of lymphocyte ag-
gregates, T cell CD3* and B cells, CD20".

We also studied possible associations between the immune biomarkers CD3 and CD20
(Table 21). No significant associations between both markers were observed.
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Contingency Table

CD3 STAINING

CD20 STAINING LOWT CELLS | HIGHT CELLS TOTAL
COUNT 11 4 15
b % from the total 50.0% 18.2% 68.2%
HIGH B CELLS COUNT e ! !
% from the total 27.3% 4.5% 31.8% X* Pearson test 0.519
TOTAL COUNT 17 3 22 Fisher's test 1.000
I % from the total 77.3% 22.7% 1005 Valid Cases 22
Table 21. Associations between CD20 and CD3 IHC staining.
As CXCL13 is a key chemoattractant orchestrating the cellular composition of TLS,
we wanted o explore possible correlations among CXCL13 serum levels in PRET sam-
ples and staining of CD20, CD3 and Vimentin in the corresponding primary fumors.
Of course, we would have liked to perform this analysis with metastasis samples but
as explained above, this was not possible. No staftistically significant associations
were found; however, a trend tfowards a higher presence of CD20* and CD3* cells was
observed in those cases whose PRET samples had CXCL13 levels above the median.
Interestingly, this frend was the opposite in the case of vimentin (Table 20). These
results must be inferpreted with caution because of the reasons explained above.
Contingency Table MEDIAN CXCL13 SERUM PRET LEVELS
< MEDIAN > MEDIAN
CD20 STAINING CXCL13 CXCL13 TOTAL
LOW B CELLS COUNT 7 8 15
% from the total 31.8% 36.4% 68.2%
COUNT 2l 5 7 3
i % from the total 9.1% 22.7% 31.8% X? Pearson test 0.421
COUNT 9 13 22 Fisher's test 0.648
JorA % from the total 40.9% 59.1% 100% Valid Cases 22
, < MEDIAN > MEDIAN
CD3 STAINING CXCL13 CXCL13 TOTAL
‘ COUNT 11 9 20
LOWTCEL | & fromthe total 42.3% 34.6% 76.5%
HIGH T CELLS COUNT 2 4 6 P value
% from the total 7.7% 15.4% 23.1% X* Pearson test 0.352
TOTAL COUNT 13 13 26 Fisher's test 0.645
% from the total 50% 50% 100% Valid Cases 26
< MEDIAN > MEDIAN ‘
VIMENTIN STAINING CNCL13 CNCL13 TOTAL
<25-50% COUNT 10 g 18
VIMENTIN % from the total 40% 32% 72%
>50% COUNT 2 5 7 P value
VIMENTIN % from the total 28.6% 4.8% 33.3% X? Pearson test 0.306
TOTAL COUNT 15 6 21 Fisher's test 0.613
i % from the total 71.4% 28.6% 100% Valid Cases 21

Table 22. Associations of CXCL13 serum levels in PRET samples with CD20, CD3 and Vimentin staining in the

corresponding primary tumors. Median of CXCL13 was 27,38pg/mL.
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3.2. CXCL13 in Silico analysis. Study of CXCL13 gene expression and correlation
with immune-cells infiltration, TLS and survival in metastases from CRC patients.

In view of the few primary fumor samples that we were able to collect and the lack of clear
results of the IHC analysis we decided fto take advantage of the hundreds of public data-
bases containing relevant genomic data to perform an in silico study. Taking into account
our patients cohort’s characteristics, we chose the dataset from https://doi.org/10.1038/
s41525-021-00223-7 as this cohort consisted of samples from liver metastasis from 119
MCRC patients. Of them, 104 received OXA-based neoadjuvant treatment) while only 15
patients did not receive any previous systemic freatment (Naive). The available clinico-
pathological characteristics of patients are summarized in Table 7 (see material and me-
thods, section 5).

We investigated the correlation of CXCL13 gene expression with the presence of infiltrated
immune cells as well as with other cells often found in the tumor microenvironment. To do
so, we deconvoluted gene expression data using the MCP-counter method (https://doi.
org/10.1186/s13059-016-1070-5). Although other available tfranscriptome-based computa-
tional methods exist such as the CIBERSORTx https://cibersortx.stanford.edu/)(https://
doi.org/10.1038/s41587-019-0114-2), we selected the MCP-counter as it robustly quantifies
the abundance of immune and non-immune stromal cell populations in a heterogeneous
tissue sample, while CIBERSORT estimates percentages of cells among the screened po-
pulations only, regardless of the total infiltration in the sample.

Globally (All), CXCL13 positively correlated with all studied cell types being the strongest
associations with B and cytotoxic cells; however, if we studied non-treated (naive) and
freated (neoadjuvant) patients separately, we observed that although the strength of the
association by means of the R coefficient was in general higher in naive samples, only
associations with T, cytotoxic, fibroblasts and monocyte cells remained statistically signifi-
cant. This was probably due to the small sample size (N= 15). In contrast, despite the corre-
lations in the neoadjuvant group were weaker they were in general statistically significant.
In this case, it is worth fo highlight the positive correlations with B cells, cytotoxic cells and
T cells with an R coefficient above 0.4 but not reaching 0.5 (Table 23).

| CXCL13 CORRELATION WITH DIFFERNT CELL POPULATIONS IN METASTATIC

CRC TUMORS — MCP COUNTER

NAIVE NEOADIUVANT ALL
LS (R, p value; N=15) | (R, p value; N=104) (R, p value; 119)
B CELLS 0.499 0.499 *** 0.432%**
CYTOTOXIC CELLS 0.666 * 0.442 **+ 0.402 +++
DENDRITIC CELLS 0.575 0.303 *** 0.290 ***
NK CELLS 0.501 0.156 0.146 *
NEUTROPHILS 0.532 0.151 Q.162 **
T CELLS 0.735* 0.402 *** 0.385 ***
T CELLS CD8 0.546 0.276 *** 0.246 ***
ENDOTHELIAL 0.444 0.163* 0.186 ***
FIBROBLASTS 0.684* 0.187* 0.208 **
MONOCYTES 0.610* 0.227** 0.232 ===

Table 23. MCP counter-based CXCL13 gene expression correlation with immune and non-immune cell infil-
trates in liver metastasis of treated (neoadjuvant), non-treated (naive) and in all patients. For comparisons,
Pearson correlation analysis was undertaken, R > 0.4 marked in bold whether there is statistical significance; p value

112 Results

<0.01 (*); p <0.001 (**); p <0.0001 (***).



Taking advantage of the available survival data, we investigated the association of
CXCL13 gene expression levels with OS. Patients were split according to the median
value of CXCL13 gene expression. As it is shown in Figure 33, patients receiving neoad-
juvant freatment (N=104) and with CXCL13 gene expression above the median had a
better and statistically significant OS. The same non-statistically significant frend was
however observed in the naive patients (N=15), and all together (N=119).

CXCL13 expression-Naive
Median (95% CI) Low:NA

CXCL13 expression-Necadjuvant
Median (95% CI) Low:34 (25-46)

CXCL13 expression-All
Median (95% CI) Low:38 (31-49)
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Figure 33. Kaplan-Meier plots showing OS of patients according to the median CXCL13 gene expression.

Median OS (95%CI) in months. P value, HRa, and 95% CI correspond to COX multivariate analysis.

We then wanted fo investigate the correlation of CXCL13 gene expression with the pre-
sence or absence of TLSs in these cohort; in this case though, we only had genomic
data what made us look for gene signatures that were previously associated with the
presence of TLSs. In this regard, we found 3 different gene signatures that have been
proposed to identify TLS, all related to their neogenesis: A 12-chemokine gene signature
(including CXCL13), an 8-gene signature representing TFH cells (including CXCL13) and
a 19-gene signature associated to T,1 and B cells (not including CXCL13) (Sautés-Frid-
man et al., 2019 (https://doi.org/10.1038/ s41568-019-0144-6) (Table 24).
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12-CHEMOKINE CELL TFH CELL TH1 AND B CELL
SIGNATURE SIGNATURE SIGNATURE
CCL2 CXCL13 CD4
CCL3 CD200 CCRS
CCL4 FBLNY CXCR3
CCLS ICOS CSF2
CCLs SGPP2 IG5FB
CCL18 SH2D1A IL2ZRA
CCL19 TIGIT CD38
cCL21 PDCD1 CD40
CXCL9 CD5
CXCL10D MS4A1
CXCL11 SDC1
CXCL13 GFI1
IL1R1
IL1IR2
IL10
CCL20
IRF4
TRAFG
Table 24. TLS-associated gene signatures. STATSA
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TLS GENE SIGNATURES

First, we studied how these signatures correlated with survival in the cohort of pa-
tients that received neoadjuvant tfreatment. Patients were split according to high or
low TLS gene signature expression levels and as it can be seen in Figure 34, patients
with TLS-related high gene expression levels were found to have staftistically signifi-
cant better OS, median OS for each TLS signature is shown in Table 25. It has to be
faken into account that the 12-chemokine and THF signatures did include CXCL13
among the genes studied which of course, could have affected our results. However,
as explained above, the T, 1 and B cells signature did not include CXCL13. Therefore,
we checked if this signature correlated with CXCL13 gene expression, and we found
that they were indeed positively correlated (Figure 34.B)



12Chmk-Neocadjuvant TFH-Neocadjuvant TH1+B cell-Neodajuvant
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Figure 34. TLS signatures association with survival and
correlation with CXCL13. A. Kaplan-Meier plots showing OS
g = of patients treated with neoadjuvancy and split according to
£ high or low expression of TLS signatures. Median OS (95%CI) in
L M months. P value, HRa, and 95% CI correspond to COX mul-
tivariate analysis. B. Violin test showing correlation between
CXCL13 gene expression and T, 1 and B cell signature, p value
L <0.0001 (***).
Low High
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OBJECTIVE 4
4. Study of CXCL13 serum levels in a healthy controls cohort

So far, we have observed that levels of CXCL13 below the median in PRET samples of
our metastatic CRC patients’ cohort were associated with a better prognostic and that
it was in those cases in which CXCL13 increased after 3 months of treatment that the
prognostic was the best. However, we did not know how these basal levels compare to
let’s say a non-cancer situation. Therefore, we compared the CXCL13 serum levels in
our PRET samples to the CXCL13 levels in serum samples from a healthy-donors cohort
(HMar cohort n=45) by a single-parameter assay (Quantikine® ELISA Kit). The charac-
teristics of the healthy donors can be found in the material and methods, section 4.1.
All controls were older than 40 years with no chronic or acute pathologies of note. We
firstly evaluated how the values of CXCL13 obtained by Luminex analysis compared
to the values of CXCL13 obtained by ELISA in a subset of 39 PRET samples. As seen
in Figure 35. A, there was a linear posifive correlation among the values obtained
through both methods. In average, CXCL13 values (92.59pg/mL) obtained by ELISA
were 2.5 fimes higher as the ones obtained by LUMINEX (36.65pg/mL). Based on that
linear correlation, the remaining CXCL13 values from the PRET samples (65) obtained
by LUMINEX, were interpolated. In the healthy controls, the median for CXCL13 was
53.97pg/mL; as it can be observed in Figure 32.B, this value was statistically signifi-
cantly lower than that of the metastatic CRC patients (p=0.0034).
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Figure 35. A. Scatter plot showing the correlation between CXCL13 levels measured by LUMINEX and CXCL13 levels
measured by ELISA in 39 PRET samples from our patients’ cohort. P and R values correspond to the Pearson corre-
lation analysis B. Scatter dot plot showing comparison of CXCL13 levels in serum samples from our mCRC (N = 104)
patients and those from samples of healthy controls (N = 45). P values correspond o Non-parametric, Mann-Whit-
ney test p value = 0.0034 (**). The median CXCL13 values were 68.27pg/mL in the mCRC cohort and 53.97pg/mL. in
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the healthy donors cohort: The horizontal line in each boxplot represents the median value.

OBJECTIVE 5

5. Study of serum CXCL13 as a prognostic marker in an independent cohort of
mCRC patients

We finally wanted to check whether our results could be replicated in a similar cohort of
patients. We were lucky fo find out that researchers from the Akersus University Hospi-
tal, Lerenskog and from the University of Oslo performed a clinical frial in which patients
included in the contfrol arm (N=36), received the Nordic FLOX regimen (oxaliplatin +
5FU + LV) (see material and methods section 7.1, Table 6, for more information about
the clinical trial and the clinicopathological characteristics of patients). In similar way,
they collected serum samples at different fime-points (see Table 23) along the treat-
ment. We therefore asked them to analyse in these samples the CXCL13 levels by using
the ELISA technique (Figure 36.A). CXCL13 median levels at baseline were 77.09pg/mL
which was similar to ours (68.27pg/mL); we considered the samples taken after 3 mon-
ths of treatment corresponded to our EVAR time-point. Here, the median CXCL13 value
was 90.66pg/mL.

Aiming to replicate here our results, we studied basal and dynamic changes of CXCL13
levels and their association with survival (Table 23). As it can be observed, a non-sta-
tistically significant frend towards a better OS and PFS was found in those patients with
low CXCL13 at baseline samples which is in agreement with our findings. This lack of sta-
tistical significance may be caused by the small sample size (N=36). We then explored
a different cut-off point that was set up at 85pg/mL; patients with basal CXCL13 levels
below this value had statistically significant better outcomes (OS and PFS) than those
with values above (Figure 36.B).



When analysing CXCL13 dynamic changes, we observed that a great number of pa-
tients stopped freatment early, due to progression or toxicity at 8, 12 and 13 weeks,
making the sample size smaller as the weeks passed. We thus considered “change at
end of treatment” as best fime-point to look at CXCL13 differences, as it includes all 33
patients. In agreement with our results, patients with increased levels of CXCL13 aft this
time-point, had better OS in the multivariate analysis (Table 23). In addition to that,
we also explored outcomes according to a an increase or decrease of 70% in CXCL13
levels. Interestingly, patients in which there was an increase of CXCL13 levels of more

than 70% after treatment had a statistically significant better OS (Figure 36.C).

PROGRESSION FREE
OVERALL SURVIVAL
] SURVIVAL
, MEDIAN | yp (95%CI, | HRa(95%CI, | HR(95%CI, | HRa (95%CI, ALL
EURIESCHE = p value)’ p value)? p value)’ p value) ? N=36
LEVELS
CXCL13 SERUM LEVELS ALONG THE TREATMENT

<77.09 | 1.01(0.99-1.02, | 1.01(0.99-1.02, |1.01(0.99-1.02,] 1.01(0.99-1.02,

BASEEINE >77.09 p=0.078) p=0.113) p=0.079) p=0.135) *
<82.62 1.00(0.99-1.01, | 1.00 [0.99-1.01, 1.00 ﬁﬂ.ﬁg-l.ﬂl, 1.00 ‘[ﬂ.gg-l.ﬂl,

4 WEEKS >82.62 p=0.385) p=0.928) p=0.347) p=0.780) 33
<100.00 | 1.00{0.99-1.01, | 1.00(0.99-1.01, |1.00(0.99-1.01, | 0.99 (0.99-1.01,

6 WEEKS >100.00 p=0.494) p=0.815) p=0.850) p=0.870) “B
<90.66 | 1.00(0.99-1.01, | 0.99(0.99-1.01, |0.99(0.99-1.00,] 0.99 (0.99-1.00,

12 WEEKS >90.66 p=0.908) p=0.443) p=0.468) p=0.155) =
‘ <73.41 1.01 {‘0.99-1.02, 1.01(0.99-1.02, |1.01(0.99-1.01,| 1.00(0.98-1.02,

16 WEEKS e e 020.457) p=0.471) p=0.913) v
<88.33 [ 1.00(0.99-1.01, | 0.99(0.99-1.00, [0.99(0.99-1.01, ] 0.99 (0.99-1.00,

END OF TREATMENT — ..o p=0.658) p=0.300) p=0.854) p=0.328) 3

CXCL13 SERUM DYNAMIC CHANGES

Decrease | 0.91(0.32-2.62, | 0.64(0.19-2.21, |0.69(0.20-2.41,| 0.53 (0.12-2.25,

CHANGE AT 4 WEEKS |————— p=0.861) p=0.483) p=0.687) p=0.390) B3
Decrease | 0.96 (0.47-1.97, | 0.75(0.282-1.99, |0.88 (0.45-1.73, | 0.85 (0.39-1.87,

CHANGE AT S WEEKS |———— p=0.918) p=0.561) p=0.720) p=0.692) 25
Decrease | 0,83 (0.38-1.82, | 0.49(0.14-1.68, |0.84 (0.45-1.55,| 0.69 (0.34-1.42,

CHANGE AT 12 WEEKS [———— = BT gl gk hpofes 23
Decrease 1.60 {‘0.44-5.34 1.33 (0.32-5.48 3.88 {U 71- 2.64 {U 43-16.25

1 ] (] s L] L o ety F
CHANGE AT 16 WEEKS (———— *° 10 p=0.694)  [21.16,p=0.117)|  p=0.295) v
CHANGE AT END OF | Decrease |o.5ss(0.26-1.16, | 0.29 (0.11-1.75, |0.73 (0.36-1.46,| 0.48 (0.19-1.17, -
TREATMENT Increase p=0.119) p=0.011) p=0.375) p=0.107)

Table 23. Association of CXCL13 levels with OS and PFS in the Oslo’s cohort. HR correspond o categories
above CXCL13 median and to increase; HR correspond to the increase category respect to decrease category (by
default = 1). P values, HR, and 95% CI correspond to univariate! and multivariate? COX regression models (adjusted
by age, sex, and performance status). Values in bold, correspond to statistically significant results p <0.05.
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Figure 36. A. Scatter dot plot of CXCL13 serum levels at baseline, 4, 8, 12, 16 weeks and at the end of
treatment in the Oslo’s cohort. Below, table with median CXCL13 levels at each time-point. B. Kaplan-Meier plots
showing OS and PFS of patients split according to the baseline cut-off of 85pg/mL; C. Kapplan-Meier plots showing
OS and PFS of patients split according to an increase or decrease of 70% CXCL13 at the end of freatment. P values,
HR, and 95% CI correspond to multivariate COX regression analysis (adjusted by age, sex, and performance status).
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Discussion

CRC remains one of the leading causes of cancer-related death worldwide. The more ad-
vanced the disease, the poorer the prognostic. Despite advances in recent years in terms
of molecular classification, diagnosis and the introduction of new freatment regimens,
there is still a clear need for new therapeutic options and biomarkers, that may allow
us to develop more personalized approaches and help us fo improve patients’ clinical
outcomes. In the last years, chemokines have been in the spotlight of several studies as
possible cancer biomarkers and therapeutic targets. This is because they have been de-
monstrated to either promote or suppress tumor growth and to predict the outcome of
cancer patients. In CRC, their deregulation is related to intestinal inflammation, chemo-
resistance, EMT and immunosuppression. In a previous work, we demonstrated that the
acquisition of resistance to oxaliplatin was associated with an hyperactivation of the NF-
kB pathway that in turn promoted the expression and secretion of CXCL1, CXCL2, CXCLS5,
and CXCL8!4, Moreover, the fact that they are secreted factors present in the peripheral
blood makes them excellent candidates for biomarker development.

In this project, we wanted to specifically study chemokines from the CXC family and their
possible role as novel predictive and/or prognostic biomarkers in metastatic CRC. In or-
der to do that, we prospectively collected consecutive serum samples from 104 metasta-
tic CRC patients that were candidates to be treated with first-line OXA-based regimens, in
which we analyzed a custom panel of 11 chemokines by Luminex®, a bead-based immu-
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noassay that allows for multiplex analytes detection. Our most relevant finding reveals
that in our cohort, low pre-tfreatment CXCL13 serum levels were an independent factor
of good prognostic; this was especially observed in those patients in which CXCL13
increases at the time of response evaluation after freatment with oxaliplatin-based
first-line schedules. We also found higher levels of CXCL13 in the serum of CRC patients
as compared to healthy individuals. Finally, in an in silico analysis using data from CRC
liver metastasis specimens obtained after neoadjuvant freatment with OXA-containing
regimens, high CXCL13 expression was associated with the presence of immune popu-
lations with anti-tumor properties and tertiary lymphoid structures; the latter was in
furn associated with better overall and progression-free survival.

The median OS of metastatic CRC patients is about 2 years®®. In our cohort, the Median
OS was 23.32 months and the median PFS was 11.01 months which is in agreement with
data from a Real World study presented at the European Society for Medical Oncology
(ESMO) World Congress on Gastrointestinal Cancer in 2018%¢. The overall response rate
was about 64% and 11.5% of patients had disease progression. These results are simi-
lar to previous reported ones, although a bit higher, as FOLFOX mCRC responses are
around 50% to 56%, usually with more progressors, around 20%37-522,

We found that about half of the cases (52.9%) had RAS-mutated tumors (44.2% NRAS,
8.7% NRAS) while only 3.8%, were BRAF mutant. Less than 5% of patients harbored
MSI tumors. While these numbers were as expected we found that none of these
alterations were significantly associated with patients’ prognosis. This could be due
to the sample size, especially in the case of low-frequency alterations. In the case
of KRAS mutations, it is still not clear whether they have a role as prognostic factors
with some works assigning them a negative effect, while others suggesting a lack of
influence or giving more weight fo some variants than to others®%; this lack of consen-
sus might be due to differences among the studies, including the cohorts’ size, tumor
subtyping, tumor staging, genetic background or the different methods of collecting
mutational data.

Among all clinical characteristics, performance status (ECOG), the number of metasta-
ses, objective response to treatment and undergoing radical surgery had an impact in
patients’ prognostic. Prognostic factors are defined as those available measurements
at diagnosis that are associated with disease-free or overall survival, becoming essen-
fial in the management of the disease®*. Recently, the GERCOR group showed from a
multivariate analysis that, in patients receiving oxaliplatin or irinotecan-based first-line
combinations, ECOG and the number of metastatic sites were the independent and
most important clinical prognostic factors®?. Also, in a South-Australian registry of 1207
MCRC patients it was reporfed that patients with multisite metastatic disease had a
worse overall survival’®, Moreover, it is known that response to systemic therapy is a
strong prognostic indicator (SEOM 2018) as it has been shown to be associated with a
better survival in patients, and consequently, it has been integrated as an endpoint in
several studies®®. Altogether, our results are in line with what has been reported pre-
viously, indicating that we are not selecting any relevant characteristic in our cohort.

Despite the advances in treatment strategies that have lengthened the survival of mCRC
patients, curative resection of the metastasis is the main factor leading to long-term
survival*?. In particular, the 5-year OS rates after lung or liver metastasis resections are
known to be 35 to 68%. Hepatic and pulmonary metastasis are the most frequently re-
sected, in contrast, reports on peritoneal resection are a minority and there are almost
no reports of other organs®?-*%, In our study, 23 patients underwent radical resection



at some point after the first response evaluation, most of them of their liver metastasis
(78%). Before starting first-line freatment 1 patient was considered unresectable, 13
potentially resectable and 9 resectable; therefore, about 13% of patients became resec-
table after initiating the tfreatment which is in line with other data reported previously®.
As expected, these 23 patients presented better overall survival as compared o those
that did not undergo surgery and consequently, we considered the radical surgery as
a strong prognostic factor to be tfaken into account in the multivariate analysis. Never-
theless, we performed a sub-analysis by only considering the non-operated patients
(N= 81). This group actually represents our initially ideal study population and impor-
tantly, the fact that these patients have not had their metastases removed makes them
a purer population, free of confounding factors and statistical bias. Nevertheless, the
reduction in the total number of patients needs to be taken into consideration when
analyzing results.

Finally, we also collected information related to possible immune alterations as they
could directly affect our results if we tfake into account that chemokines also provide
the context for innate and adaptive immune systems responses®**?3%, Given that only
5.8% of patients presented some situation that could lead to immune alteration, and no
statistically significant results were found in CXC PRET levels in these patients as com-
pared to the rest of the cohort, we can consider that the circulating levels of the studied
chemokines are related to the oncologic disease.

CXC chemokines and their corresponding receptors can be expressed by immune and
non-immune cells such as tumor and stromal cells, including vascular endothelial cells.
Based on a chemotactic gradient, CXC chemokines may directly and indirectly modula-
te the immune cell subsets found in the TME, promoting or inhibiting fumor growth. In
this regard and together with the presence or absence of their ELR motif, they are res-
pectively classified as angiogenic (pro-tumoral) or angiostatic (anti-tumoral)!®8166335336,
We found that in general, angiogenic CXC chemokines (ELR*) were more abundant than
the angiostatic ones (ELR) in PRET samples; in fact, the highest value was for CXCL5
and the lowest for CXCL9. However, this was not a perfect rule as levels of pro-tumoral
chemokines CXCL8 and 6 were more similar tfo those of the angiostatic chemokines
while in the case of CXCL10 and 16 the opposite happened.

Other authors also reported higher serum levels of CXCL5 in patients with metastatic
cancer of the biliary fract®®” in comparison to healthy donors; in serum samples from
patients with distant metastasis from gastric cancer338 when compared to early gas-
fric cancer patients; in advanced nasopharyngeal carcinoma patients versus early na-
sopharyngeal carcinoma patients®? and in renal cell carcinoma patients in comparison
with healthy blood donors®**°, among others. In the case of CXCL10, its serum levels
are usually reported to be lower in cancer patients than in healthy donors, such as
in glioblastoma (105.4pg/mL vs. 34.2pg/mL, respectively)**! and acute myeloid leuke-
mia (200pg/mL vs. 125pg/mL, respectively)®?2 However, high serum levels of CXCL10
analyzed by ELISA were associated with liver metastasis in CRC patients when com-
pared to healthy controls (162pg/mL vs. 103pg/mL, respectively)®**. Actually, these va-
lues were similar to ours (178.8pg/mL at baseline), although in our case were obtained
through the LUMINEX technique. Also, increased CXCL16 serum levels were found in
the preoperative serum of CRC patients with liver metastasis as compared to healthy
volunteers; in addition, these authors reported that CXCL16 increased along with the tu-
mor stage®”’. In the case of CXCL9, as it is an angiostatic chemokine®**4, we would have
expected lower levels as compared to the angiogenic ones. However, in agreement with
our findings, in CRC, increased CXCL9 gene and protein expression was found in fu-
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mor tissues compare to matched non-cancerous (normal) tissues samples®#. Also, high
CXCL9 serum levels were reported in two different cohorts of patients with advanced
hepatocellular carcinoma®#. Discrepancies regarding the association of CXCL9 levels
with colorectal and other cancers have been reported elsewhere®?®. Regarding CXCLS,
similar results were reported in a cohort of 32 mCRC patients with median serum va-
lues close to ours (43.4 pg/mL vs 54 pg/mL in our study)®** and in a study in advanced
hepatocellular carcinoma where the LUMINEX technique was also used (40pg/mL)3*.
Multiple associations were observed between chemokine levels and the clinicopatho-
logical variables of inferest at different fime-points. Interestingly, high levels of most
of the pro-tumoral chemokines, including CXCL1, 2, 5, 8 and 12, were found to be asso-
ciated with the primary tumor or metastatic location or with multiple metastases. In
this regard, CXCL1, 2, 5, and 8 signal through the CXCR2 axis. Several reports have de-
monstrated that the upregulation of these chemokines in CRC favors the development
of the disease!®#82% In mCRC patients, CXCL1 overexpression was associated with cell
seeding of metastases at distant sites, such as the lung?". Signaling through the CXCR2
promotes inflammation by recruiting fumor-promoting leukocytes in many cancers,
such as CRC. Also, CXCR2 is involved in fumor growth, migration and metastasis, mostly
in the livert®348-351 Qverexpression of CXCL5 in fumor tissues was associated with ad-
vanced tumor stage and with poor prognosis in CRC patients®*2, Also, high serum levels
of CXCL5 in gastric cancer were associated with distant metastasis®®.

The case of CXCL16 is however controversial; while it has been classified as angiostatic
due to the absence of the ELR motif and the ability to attract cytotoxic T lymphocytes
and NK cells®3, some authors have shown it may also promote tumor progression pro-
bably by guiding the recruitment of immunosuppressive cells such as myeloid cells and
fibroblasts®4. We found that patients with liver and lung metastasis had higher levels
of CXCL16; interestingly, low pre-treatment levels of CXCL16 were correlated with a hi-
gher probability of undergoing radical surgery. In line with this, CXCL16 has previously
been associated with metastatic potential®*®, distant metastasis, and bad prognosis
in CRC®*®, Finally, it is worth mentioning that we observed higher PRET levels of this
chemokine in women as compared to men. We don’t know if there is any causal expla-
nation to this observation, but in another study aimed to investigate the association of
CXCL16 with clinical outcomes in patients with acute coronary syndrome, similar results
were reported®’.

With regard fo the angiostatic chemokines, we observed that those patients with multi-
ple metastatic disease and those with metastasis in the lungs, had higher PRET levels of
CXCL9 and 10, respectively. This result is somehow surprising as these chemokines signal
through the CXCR3 receptor and are mainly known for their angiostatic effect, media-
ting the tumor infiltration of CD8 T cells, NK cells, and B cells). Interestingly, other au-
thors showed that high expression of CXCL9 in CRC tissue was significantly associated
with tumor differentiation, fumor invasion, lymph node metastasis, distant metastasis,
and vascular invasion®**. Additionally, CXCL9 and 10 are upregulated by interferon-gam-
ma (IFN-y) and can exert an important role in inflammation initiation and cancer?67:3%8.359,
Thus, in agreement with our results, Kawada et al., demonstrated that CXCR3 and its
ligands promoted colon cancer metastasis to lymph nodes?“. In another study, CXCL10
promoted the proliferation and invasion of CRC cells resulting in a worse prognosis and
its expression correlated with CRC metastasis and recurrence®®,

CRC patients’ survival is related to the tumor stage at the time of diagnosis and the
5-year survival is lower than 10% in metastatic cases; moreover, resistance to thera-



pies represents a common event that negatively affects prognosis. Therefore, the ear-
ly identification of responders and non-responders may represent a game-changer in
CRC freatment helping to avoid unnecessary prolonged treatments as well as reducing
considerable toxicities and costs. In our cohort, few chemokines were associated with
response to first-line freatment; specifically, we found that non-responder patients had
higher basal levels of CXCL2 as compared to responders. This result is in agreement
with ours and other groups’ previous observations showing that this chemokine was
upregulated in OXA-resistant CRC cell lines as a consequence of the NF-kB pathway
hyperactivation®+*0, Similarly, Joan Massagué’s group reported high levels of CXCL2
in breast cancer patients after freatment with chemotherapeutic agents, 5-FU among
others®®. Interestingly, 93% of our patients received 5-FU. Although little information
exists about CXCL11 and its role in response to chemotherapy, Lu et al. demonstrated
in vitro that CXCL11 mRNA, protein and soluble levels were increased in cancer-associa-
ted fibroblasts (CAFs). The conditioned media obtained from these CAFs promoted cell
proliferation and epithelial to mesenchymal transition in CRC cell lines. Interestingly,
CXCL11 levels were reduced after oxaliplatin administration, restricting CAF-secreted
CXCL11 and consequently, the tumor volume in a xenograft model. In contrast, in mice
injected with CXCL11-overexpressing CAFs the OXA effect was partially evaded?s..
Nevertheless, these results must be taken with caution as they were only statistically
significant in the univariate models. Therefore, further studies with an increased num-
ber of patients are needed to confirm them.

After adjusting by age, sex, PS and radical surgery, the only chemokine that was asso-
ciated with OS and PFS was CXCL13. Even, its prognostic value was maintained when
only non-operated patients were taken into account. Therefore, we consider this che-
mokine has the potential of becoming a reliable independent prognostic biomarker.

In particular, we found that on one hand, patients who at baseline had CXCL13 levels
below the median had better OS and PFS and on the other hand, an increase in CXCL13
levels at the time of response evaluation was also associated with a better clinical
outcome. These results appeared to be contradictory: why high pre-treatment levels of
CXCL13 were of bad prognostic but an elevation after 3 months of freatment resulted
in a better outcome?

If we take a closer look at these data, we observe that as high as 71% of patients
with PRET CXCL13 levels below the median (the ones with the best prognostic) have
increased CXCL13 levels af EVAR; although there is only a statistically frend (p=0.071),
this association may explain at least in part, our results. Also, it is important to remark
that when analyzing PRET-EVAR dynamic changes, we are only considering patients
that had a sample at the EVAR time-point, being 63 out of 104 patients; therefore, it
would be possible that we had selected a subpopulation with specific features affecting
our results. We thus compared these 63 patients to the 41 without EVAR sample and
found that both subsets were indeed very similar with the exception of the proportion
of patients with disease progression as response to first-line treatment as this was
significantly lower in the group of patients with an EVAR sample (5% vs 22% p = 0.027).
Importantly, there were no differences in PFS or OS and therefore, the difference in
the number of progressions could indeed be indicating that in a high proportion of
patients that progressed the EVAR sample was lost. These results, along with the fact
that the predictive role of CXCL13 was maintained in both groups of patients, reinforce
the concept that the basal levels of CXCL13 may be indicative of the presence of me-
tastatic disease, maybe related with a host response against the tumor, while the good
prognostic value of increasing levels after treatment maybe associated with a long-
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term immune response induced by the treatment. While this is only an hypothesis, other
studies reported an association between high basal levels of CXCL13 and worse prog-
nosis; in CRC high levels of CXCL13 (and also CXCL8 and CXCL1) proved to modulate
the tumor-specific immune response, angiogenesis, and metastasis, displaying an ove-
rall association with poor prognosis®**2%3; In gastric cancer, high levels of CXCL13 were
significantly associated with worse 5-year OS%*%*; in penile cancer, higher preoperative
CXCL13 serum level was an independent prognostic factor for shorter disease-free sur-
vival®*®; In prostate cancer, the CXCL13-CXCR5 axis was significantly associated with
disease progression®?; finally, increased CXCL13 serum levels pointed out a role in the
progression of breast cancer and advanced hepatocellular carcinoma3®’2¢8,

Finally, our hypothesis is also reinforced by the fact that CXCL13 levels in baseline sam-
ples of our patients were statistically significantly higher than in a cohort of healthy
controls. In consonance with these findings, a number of studies focusing on circulating
inflammation biomarkers in cancer, found increased baseline CXCL13 levels in serum
samples from breast®**’, NSCLC**, prostate®® and penile cancer3®®,

So far, we have shown here that high PRET serum levels of CXCL13 correlate with worse
outcome in mMCRC patients. We would have liked to study whether the levels of CXCL13
detected in serum correlated with fumor levels; unfortunately, we only had samples
of the patients' primary tfumor, obtained in most cases at the time of diagnosis and
therefore far removed from the time when we carried out our study. Therefore, we can-
not know whether the CXCL13 assessed in the serum was related to that which could
have been released by the metastasis. Nevertheless, other authors described a correla-
tion between CXCL13 serum levels and that found in tumor samples of different cancer
types¥0-372,

We however found that an increase in CXCL13 levels at the time of response evaluation
was associated with befter OS and PFS in an independent manner. In this case, all
these samples were taken at the same time-point and after the same therapeutic inter-
vention, i.e. after patients received 4 to 6 cycles of an oxaliplatin-based chemotherapy
schedule. Thus, we may hypothesize that this finding is related o treatment. In fact,
we also observed that patients who responded to freatment tended to have increased
levels of CXCL13 at EVAR samples while the non-responders tended to have a decrease
(Table 12).

The strong association with PFS and OS, even greater in the non-operated patients,
may be reflecting an anti-fumor immune response (by means of CXCL13 increase)
which is known to induce a long-lasting clinical benefit®”.

As previously mentioned, all patients included in this study were treated with OXA-ba-
sed first-line treatment, and OXA is a well-known immunogenic cell death (ICD) indu-
cer®4 ICD consists of the stimulation and up-regulation of some protein molecules, like
calreticulin (CRT), on the surface of apoptotic cells*’*. CRT may induce the maturation
of DCs and activate tumor-specific cytotoxic T lymphocytes (CTLs) to get rid of the
tumor cells®”. The activation of recruited DCs in the TME turns on their migration to the
secondary lymphoid organs (or corresponding TLS within the tumor). There, DCs pre-
sent fumor antigens fo T cells, thus initiating an antitumor response®®. Of note, one of
the chemokines involved in the generation of the immune response in the secondary or
TLSs is CXCL13™, It attracts B and T follicular helper (TFH) cells as well as induces TLS
formation (Bruni et al 2020 Nat. Rev). In CRC tumors, the presence of TFH cells together



with B cells have shown protection against tumor recurrence, due to an acquisition of a
memory phenotype against the tumor cells. Also, T helper 1 and infiltration of cytotoxic
immune cells are associated with a better prognosis, while low levels of T cells are as-
sociated with worse survival*?24, TLSs are usually associated with favorable patients’
ouftcome, in most cancer types including CRC?%4,

Whether treatment is stimulating the formation of TLSs and whether the increase of
CXCL13 levels is a cause or a consequence of these phenomenon requires further in-
vestigation. For instance, a similar study should be performed in patients receiving
first-line regimens based on irinotecan to elucidate if our observations are specifica-
lly associated with OXA or are otherwise independent of the CT drug used in first-li-
ne treatement. To our knowledge, there are no previous reports associating irinotecan
freatments with CXCL13 or with the formation of TLSs, which may be due to the fact
that this drug has not been as clearly associated with the induction of ICD as oxalipla-
tin¥” Interestingly, Mocrette G et al, identified massive intratumor TLS containing both
lymphocytes and antigen-presenting cells in 11 APC germline hepatoblastomas who
received cisplatin-based neoadjuvant chemotherapy but not in five pre-chemotherapy
samples®®. We wish we could have validated these observations in the post-treatment
metastases of our patients but this was not possible. Instead, we looked for public
datasets that could fit our requirements and could help us fo answer these questions.
We were lucky to find a dataset consisting of genomic data from liver metastasis of
119 mCRC patients that received neoadjuvant freatment based on an OXA schedule. By
using this data, we found that high CXCL13 correlated with abundant B Cells, cytotoxic,
and T cells in the TME of treated metastases as well as with the presence of TLSs by
using 3 different gene-associated signatures. Both high CXCL13 and TLSs-signatures
were associated with better prognostic of patients which is in line with our results and
with data reported by other investigators®+°, In any case, it should be noted that,
unlike our study, which was carried out on peripheral blood samples, the data we have
just discussed comes from a transcriptomic analysis.

As I complete this thesis, we are conducting a gene expression study using NanoString
that will allow us to know the levels of CXCL13 and a set of genes related to TLSs in a
subset of our patients’ primary tumors and correlate them with our findings in the blood
of the same patients. What we have indeed been able to study is the presence of TLs
in these tumors by IHC staining. We could not observe more than one clear TLSs and
no statistical associations were found between CD20 or CD3 staining and the levels of
CXCL13 in PRET samples.

In order to demonstrate that our results were reproducible, we investigated CXCL13 le-
vels in serum samples from a cohort similar to ours (Oslo’s cohort). Samples came from
patients included in the confrol arm from the METIMMOX clinical trial (NCT03388190,
see details in the material and methods section 6.1, mCRC patients’ cohort). Although
patients from both cohorts were treated with OXA (same regimen, 85mg/m? day 1), the
regimen here administered was the Nordic FLOX. The main difference between FLOX
and FOLFOX is the way 5-FU is administered. In the Nordic FLOX, 5-FU is administe-
red as a bolus of 500mg/m?, same dosage on two consecutive days, while FOLFOX
consists of a bolus of 400mg/m? on day 1 followed by a 5-FU infusion of 2400mg/m?
during 46 fo 48-hours.

We tried to replicate our analysis and we found that similarly, patients with pre-treat-
ment higher CXCL13 serum levels showed a trend towards a worse OS and PFS that
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did not reach statistical differences probably due to the small sample size (N=36); it
is worth mentioning that by slightly increasing the cut point at which patients were
split info 2 groups (85pg/mL), the differences increased, being this time statistically
significant. Also, we tried to validate the prognostic value of increased levels of CXCL13
after treatment. To make the analysis comparable, we chose the sample taken after
12 weeks of treatment. Importantly, the sample size became smaller as weeks passed,
due to progression or toxicity with only 23 patients having a sample at the mentioned
tfime-point; therefore, to keep the sample size, we considered the last sample faken
from each case. Patients with a 70% increase in CXCL13 levels, displayed statistically
significantly better OS and a trend towards a better PFS. Whether differences in the
administration of 5-FU may have influenced our results remains to be demonstrated.
Nevertheless, it should be noted that the way 5-FU is administered has been reported
to differently affect toxicity®*°2®; in another study it was demonstrated that a single
cycle of 5-FU freatment promoted an anti-tumor immune response, whereas repea-
ted chemotherapy cycles impaired anti-tumor immune functions in a syngeneic mouse
model of colon cancer®®2, Despite the differences in freatment schedules and the small
sample size, these results are encouraging and we are indeed planning to validate them
in additional similar cohorts.

Finally, we fried to assess the prognostic ability of CXCL13 basal levels. To do that,
we created a ROC curve for OS and PFS. The best cut-off point was very close o the
median value of PRET CXCL13 and although the model did not show either high sensi-
tivity or specificity, these were, in all studied situations, above 60%. Of course, further
investigation in larger cohorts is needed but one can speculate that patients with basal
levels of CXCL13 above the cut-off should be monitored frequently; moreover, in those
cases in which CXCL13 decreases at the time of response evaluation after an oxaliplatin
first-line schedule, a change in the chemotherapy regimen should be considered.

Besides CXCL13, which we consider our main finding, a few other chemokines were
also associated with clinical outcomes. PRET CXCL1 levels above the median as well
as an increase at EVAR were statistically associated with worse OS. These results are
similar to those reported by other authors in CRC as well as in other cancers. Thus, high
CXCL1 mRNA levels in primary CRC tissues were associated with poor overall survival
in advanced CRC patients®® and elevated CXCL1 serum levels at the time of diagnosis
were indicative of a worse prognosis?*. In ovarian cancer, high levels of CXCL1 in serum
correlated with a poor overall survival®4,

We also found that high PRET levels of CXCL8 and CXCL9 were associated with worse
OS in the multivariate analysis in the non-operated subgroup; while we could expect
these results for CXCL8 as they are in line with multiple reports, the case of CXCL9 is
somehow surprising. As previously discussed in this thesis, CXCL9 is usually associated
with a good prognosis due to its ability fo recruit cytotoxic T and B cells o the TME in
different cancers, such as CRC, although a dual anti-tumor and pro-tumor effect have
been described®™?3#, Apparently, it depends on which CXCR3 variant (CXCR3-A, and
CXCR3-B) is CXCL9 binding to, since they play different roles associated with tumorige-
nesis, tumor immunity, and metastasis®*¢®¢, In vitro activation of CXCR3 by CXCL9 and
other cognate ligands, facilitates migration, invasion and CRC progression®®¢. Moreover,
high levels of CXCL9 in the serum of patients with follicular ymphoma were associated
with higher lung cancer risk**? and with poor prognosis®*®’; similar results were reported
in patients with nasopharyngeal carcinoma®se.



As commented above, a series of publications demonstrated that CXCL8 promotes
fumor progression and resistance to different treatments. Previous findings from our
group showed that the NF-kB-induced CXCL8 release by CRC cells, promotes prolife-
ration and survival through the autocrine activation of the CXCR1/2 receptors, leading
fo oxaliplatin resistance?73%, CXCL8 has been also shown to activate AKT and ERK pa-
thways, induce resistance to apoptosis®® and EMT®?. Several authors have studied its
prognostic value in CRC with the vast majority showing that increased CXCL8 levels in
the serum of CRC patients were associated with poor prognosis, especially in advanced
STGge5118,247,392,395‘

With the results of this thesis, we have demonstrated that chemokines in the serum from
mMCRC treated with OXA-based first-line freatment can be measured by the LUMINEX
tfechnique. Among all the analyzed chemokines, CXCL13 appears to be the one with
the sfrongest potential to become a prognostic biomarker. Further investigations are
warranted to demonstrate our hypothesis and thus help oncologists in decision-making
with the aim to improve our patients’ survival and quality of life.
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Conclusions

1. The Luminex-based analysis is a feasible and suitable technique to evaluate the le-

vels of multiple CXC-chemokines in serum samples taken along the first-line treat-
ment with OXA-based schedules in mCRC patients. In the case of CXCL13, we found a
strong correlation between values obtained by Luminex and ELISA. In general terms,
all chemokines here studied follow a pattern of increase-decrease along the treat-
ment, with increasing values at the time of response evaluation, especially in the case
of angiogenic chemokines.

. With some exceptions, at baseline time-point, angiogenic chemokines are more

abundant in mCRC patients’ serum than the angiostatic ones. Interestingly, most of
these angiogenic chemokines are significantly associated with clinicopathological
characteristics related to the number of metastasis and the metastatic site.

. Among all chemokines studied, only CXCL2 is associated with response to treat-

ment. Specifically, increased levels of CXCL2 at baseline predicted a worse response
to OXA-based first-line chemotherapy. Nevertheless, the predictive value of CXCL2
should be further validated.

. CXCL13 appears to be an independent factor of prognosis in mCRC patients treated

with first-line OXA-based schedules as follows:

- On one hand, low pre-treatment CXCL13 serum levels predict better OS and PFS,
which may be related with the fact that levels of CXCL13 are higher in patients than
in healthy conftrols.

- On the other hand, an increase of CXCL13 at the time of response evaluation
predicts better OS and PFS; those patients with low basal CXCL13 and an increase
in its levels at the time of response evaluation are indeed the ones with the best
prognostic. Our results were confirmed in part in a similar independent cohort of
CRC patients.

. According to the results of the in silico analysis in liver metastasis samples from CRC

patients, increased levels of CXCL13 after freatment with OXA-containing schedules
may be indicative of a long-term induced immune response, as CXCL13 expression
correlates with a more immunogenic TME as well as with the presence of TLSs. Both
CXCL13 expression and TLSs-associated signafures are associated with better prog-
nosis in the studied cohort.

In summary, we have demonstrated that the serum levels of most of the CXC here
studied are altered along the OXA-based first-line freatment in mCRC patients and
that specifically, CXCL2 and CXCL13 may be useful predictive and prognostic bio-
markers in this setting. Nevertheless, these results may be further validated in larger
cohorts of patients.
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Abstract

Colorectal cancer (CRC) is the third most common cancer
in men and the second mast common cancer in women,
worldwide, In the early stages of the disease, biomarkers
predicting early relapse would improve survival rates,
In metastatic patients, the use of predictive blomarkers
could potentially result in more personalized treatments
and better outcomes, The CXC family of chemokines
(CCLL to 17) are small (8 to 10 kDa) secreted proteins
that attract neutrophils and lymphocytes. These chemo-
kines signal through chemokine receptors (C4CR) 1 to 8,
Several studies have reported that these chemokines and
receptors have a role in either the promation or inhibition
of cancer, depending on their capacity to suppress or
stimulate the action of the immune system, respectively.
In general terms, activation of the CXCR1/CXCR2
pathway or the C(CR4/CHCRT pathway is associated with
tumor aggressiveness and poor prognosis; therefore,
the specific inhibition of these receptors is a possible
therapeutic strategy. On the other hand, the lesser
known CHOR3 and CHCRS axes are generally considered
to be tumor suppressor signaling pathways, and their
stimulation has been suggested as a way to fight cancer,
These pathways have been studied in tumor tissues
(using immunohistochemistry or measuring mRMNA levels)
or serum [using enzyme-linked immuno sorbent assay
(ELISA) or multiplexing techniques], among other sample
types. Commeon variants in genes encoding for the CXC
chemokines have also been investigated as possible
biomarkers of the disease, This review summarizes the
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maost recent findings on the role of CXC chemokines and
their receptors in CRC and discusses their possible value
as prognostic or predictive biomarkers as well as the
possibility of targeting them as a therapeutic strategy.

Key words: Biomarkers; Treatment; Chemotherapy;
Oxaliplatin; Irinotecan; Immunotherapy; Colorectal
cancer; CXC chemokines; Immune system; Bevacizumab

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The contribution of the immune system to
the development and progression of cancer is now
fully acknowledged. The specific action of the immune
system depends on the type of immune cells that are
recruited to the tumor sites. Chemokines from the CXC
subfamily are released by tumor cells and cells within
the tumor microenvironment, whereupon they attract
cells with anti-turnor (e.g., CD4" and CD8" lymphocytes)
or pro-tumar activity (e.g., myeloid-derived suppressor
cells). Chemokines have been proposed as prognostic
factors, as biomarkers of response to therapy and as
drug targets. The present review addresses the most
recent findings in the field.

Cabrero-de las Heras 5, Martinez-Balibrea E. CXC fmily of
chemokines as prognostic or predictive lmomarkers and possible
drug targeis in colorectal cancer. World J Gastroenterol 2018;
24(42): 4738-4749 Avalable from: URL: http:/fwww.owjgnet.
com/ 100T-932 7/ Tull/v24/i42/ 4738 him  DOT: hup://dx.doi.
org/ 103748 wig v24,142 4738

INTRODUCTION

Colorectal cancer (CRC) is the third most common
type of cancer worldwide, representing approximately
10% of all diagnosed cancers, and it is the most
frequent cause of cancer-related deaths'', In Europe,
the prognosis of localized disease is quite good; the
S-year overall survival rates are near 90%,; however,
in patients with regional or distant disease, these
rates drop to 70% and down to 20%, respectively
(source: Eurocpacolon, http://www.europacolon.comy/
colorectalcancer. php?Action=Colorectalcancer)™ . One
of the main reasons behind this poor survival rate is
that, in almost all cases, tumors become resistant to
therapy. Therefore, it is necessary to find useful and
reliable predictive biomarkers that allow physicians to
assign effective drugs specific to each case. In general,
the current first-line treatment for metastatic CRC
(MCRC) is based upon combinations of chemotherapy
[fluoropyrimidines, oxaliplatin (OXA) and/or irnotecan],
consisting of doublets (FOLFOX or FOLFIRI) or triplets
(FOLFOXIRI) in specific cases, and rational molecularly
targeting agents [anti-epidermal growth factor receptor
(anti-EGFR), cetuximab or panitumumab; anti-vascular

(49
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endothelial growth factor (anti-VEGF), bevacizumab]'™,
Mutations in the RAS and BRAF family of cncogenes are
indicative of the inefficacy of anti-EGFR. drugs and are
the only predictive markers available currently'™®, The
recent classification of CRC into four molecular subtypes
has shed light on the biology of this tumor However, the
dinical usefulness and application of this classification is
still under discussion™,

It has been proposed that serum levels of certain
chemokines may be used as predictive markers
for the response to chemotherapy, The CXC family
of chemaokines and their receptors are crucial for
inflasmmation and antitumor immunity, which are key
factors In CRC progression. These small proteins are
secreted not only by tumor cells but also by leukocytes,
fibroblasts, endothelial cells and epithelial cells. They
modulate tumor behavior by regulating angiogenesis,
activating tumor-specific immune responses and
directly stimulating tumor proliferation in an autocrine
or paracrine fashion. The CXC family of chemokines and
receptors have been associated with metastasis and
resistance to treatment, Several studies have reported
the expression of CXC chemokines and/or their receptors
in tumors (in epithelial tumor cells, fibroblasts or
infiltrating leukocytes) or in plasmayserum samples from
CRC patients, and this expression has been associated
with patient outcomes. Furthermore, the CxXC genes
are highly polymorphic, and certain genetic variants
have been associated with prognosis and response to
treatment. The aim of the present work is to review the
literature and discuss the possible use of the CXC family
of chemokines as predictive or prognostic markers in
CRC (Table 1), We will focus on the main pathways that
are activated after the appropriate chemokines bind to
the receptors CXCR1, CXCR2, CXCR4, CXCR7, CXCR3,
CHCRS, CHCRE and CXCRE.

LITERATURE SEARCH

We established the waork of verbeke et af* as reference
from which we searched the literature. We used
PubMed as the primary source to find all of the articles
published on this topic. The following keywords were
employed in the search: chemokine/s, resistance,
CRC, chemotherapy, 5 fluorouracil, OXaA, cetuximab,
bevacizumab, CXCL1, CXCL2, CXCL3, CXCLY, CXCLS,
CHCLGe, CXCLY, CXCL8, CXCL9, CXCL10, CXCL11,
CHCL12, CXCL13, CXCL16, CXCL17, CXCR1, CXCR2,
CHCR4, CXCR2 inhibitor, CXCR4 inhibitor, reparixin,
cancer, repertaxin, and plerixafor. In addition to
PubMed, we also performed a brief Google search for
"Chemokine CRC",

THE CXC FAMILY OF CHEMOKINES

CXC chemokines are small proteins; CXC refers to the
location of the two cysteine residues near the N-terminal,
with the X representing any amino acid (cysteine-
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Table 1 CXC chemokines as biomarkers

Biomarker Cancer rype Expression Where is it Treatment Predictive value Rel.
measured?
CXCL1 2 Breast cancer High Taraffin embedded Chemoresistance Poor [17]
Lissue ]
CXCL CRC High Tumor and cell limes OXA + CURCLUMIN Poor [18]
CXCL1/8 CXCR2 CRC, Prostale cances lej\ Cell Umes and dn ofie OXA + SCH-527123 Powp [22,24|
CXCLA CRC Lo Serum Chernotherapy + Ceoad [25.28]
Bevacizumab
CHCLE Breast cancer Polymorphi=m, TT Peripheral blood BOLFO+ Crood | 26])
pEnolype (DAY Bevacizumab rs
FOLFOX alone
CXCR1 CRC Polymeaorphism Whole blood (DNA) OXA based + Croosd =
Bevacizumal
CHOLT B CHNCR2 CRC High mEMNA levels tumors Surgery + ady o Powr 28]
Ady alosw
CHORA CRC Colocalization-Lgr5  CRC cell lines and Powr [35]
LS
CXCHES CRC Colocalization- CRC cell lines andd fn 5FLU; SFU and OXA Pososr [346,34]
CIN3E3 oo
CHCRA-microblota CRC High in vive and in vitro Lipopolysaccharides TPoor 1392]
CXOCL2-vislatin CRC Inleraction CRC cells P |40
CXOR4 CRC High Paraffin embedded Patients that Powor [41]
Lissuae undernvent
iy b by
CXCE4 CRC High CRC cells OXA or SFU Powr [46]
therapies including
anti-VECGE
CHCLIKRAS mut CRC CMS2 and Low TOGA, tumors Poor 152]
CMS3
CXCLIO CRC High CRC cells, tumears, in Good 53]
oo
CHCL10 CRC Expression Post-surgical Geod [53,54]
loscalized CROC
CXCRA CRC High Protein bvels in Poor 1571
primary lumdors
CXNCLI0/11 CRC High Serrumy Paar [54]
CXCL9/10 CRC ngh FLURLTL ] Anlhr.:.}whm - Croowd ]ﬁﬂj
STAT KO
CXOLS 10411 Rowtal cander High mEMNA levels tumaors SFU + Radiotherapy Good [6-4,65]
CXCLA CRC High inn iy SFU Poor 6]
CXCL1ACXCRS CRC High Plasma levels and Poor [62.70]
paralfin embedded
L=
CXOL A mibcrobiola CRC HI?J'I. Thrsrnaors Croomd 171]
CXORS CIE™ T eell CRC Prosence Tumwars Ceood [73)
CXCL13 CRC Loww mHENA levels tumons Good [56,74]
CXCL16 CRC High Serum Poor [81]
CHCLI7 CRC High mEMNA levels cell Poor 1871

lines and tumaors

CRC: Colorectal cancer; OXA: Oxaliplating VEGEF: Vascular endothelial growth factor; SFLU: S=fluorouracil; KOz Knock out

containing motif)®, These chemokines can be sub-
classified based on the presence or absence of the
tripeptide motif (Glu-Leu-Arg at the NH2 terminus) as
ELR™ or ELR, respectively. The ELR" chemokines are
considerad to be angiogenic, whereas the ELR chemo-
kines are considered to be angiostatid'® %), Nevertheless,
contradictory results have been published, which we will
discuss in the present review,

CXC chemokines are named according to their
ariginal function, and they also follow the standard
nomenclature CXCLx, where the L stands for “ligand”
and the x comesponds to a number (Table 2). To exert
their function, chemokines bind to their cognate CXCR

Faiskdengs WG | wwew wipneloom
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which, in the majority of cases, is a 7-transmembrane G
pratein-coupled receptor™, After binding, the receptors
change their conformation and activate the coupled G
protein, initiating the corresponding signaling pathway.
Only a few of the CXCRs are atypical receptors, which
are not coupled to a G protein but to beta-arrestins;
these receptors include the atypical chemokine receptor
3 (ACKR3) also known as C(CR7, Certain chemokines
can bind to more than one receptor and vice versa, as is
the case for the promiscuous CXCR2 (Table 2). After a
given CXCL binds and activates the corresponding CXCR,
the receptor is usually internalized through clathrin-
mediated endocytosis for further degradation or recycling
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Table 2 The CXC chemokines and their receptors

CXC ligand Chemokine name Receptor ELR domain
CXCL1 Grow th-regrulated oncogene (Gro-a) CXCR2 ELR"
CXCL2 Cirowth=regulated oncogems (Gro={i} CXCR2 ELR'
CXCL3 Crowth-regulated oncogene (Gro-y) CXCR2 ELR"
CXCL4 Flatelet factor-4 (PF-4) CHCR3 ELKE
CXCLS Epithelial cell-derived neutrophil-activating peptide-78 (ENA-7B) CHOR2 ELR"
CXCLG Crranulocyte chemotactic protein-2 (GOP-2) CXCR1/2 ELR'
CXCLY N--v.tlmph-l,-.u'llu.l.llntl_ F\ﬁplbdn-z (NAP-2) CXCR2 ELR'
CXCLS Interleukin-g (IL-5) CXCR1/2 ELR"
CXCLS Monokine induced by intereron-y (Mig) CHCR3 ELE
CXCL10 Inducible protein-10 (IP-10) CXCR3 ELE
ORI Interferon-inducible T cell .ilp\!m chemoattractant (I-TAC) CXCRAST FLR
CXCL12 Stromal cell-derived factor-1 (SDE-1) CXCR4/7 ELE
CXCL13 B cell-attracting chemokine-1 (BCA-1) CXCRS ELE
CHOLLA Scavenger receptor that binds phosphatidy lserine and oxidized CHCRA ELE
lipoprotein (SRE-PSOX)
CXCL17 VEGF-correlated chemokine-1 (VOC-1) CXOCRS ELR"
VEGEF: Vascular endothelial growth factor.
"
Degradation
Cadl
membrane

@

Figure 1 CXCL and CXCR regulatory mechanisms. Figure 1 illustrates CXCL binding 1o the CXCR located at the cellular membrane, intemalizing and transducing
the signal into the nucleus. CXCR intemalization s usually followed by degradation or recycling o the plasma membrane,

to the plasma membrans"™ (Figure 1),

Originally, the role of these chemokines and their
receptors was associated with inflammatory processes
wheregin leukocytes accumulate in injured or infected
tissues. Given that inflammation is a hallmark of
cancer, it is not surprising that once in the nucleus, the
CXC chemokines exert their activity through wvarious
pathways, such as tumor necrosis factor alpha (TMNF-a)/
nuclear factor «B (NF-«B) and protein kinase B (PKB/
AKTYH8 These pathways are related to survival,
proliferation, angiogenesis, pathological processes
such as tumor growth and metastasis’"**”, and even
responses to anticancer treatments (Figure 2).

AXIS 1: CXCR1 AND CXCR2

The CXCR1/CXCRZ pathway is the most widely studied
pathway in cancer, CXCL1, 2, 3 and & are proanagicgenic
and chemoattractive chemokines that all bind to the
receptor CXCR2, for which CXCL1 has the highest

_g.a;m...r WIG | www.wigneloo
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affinity. All four chemokines have been found to be
upregulated in CRCPY, One of the most relevant studies
demonstrating the role of CXCL1 and 2 in treatment
resistance and metastasis was performed by the group
of Joan Massagué, This group showed that CXCL1 and
CXCL2 are overexpressed in breast cancer cells that
are primed for survival in metastatic sites. These two
chemokines attract CD11b"Gr1 myeloid cells which, in
tum, produce more chemokines and enhance cancer cell
survival. Regarding chemoresistance, this group found
that chemotherapeutic agents, such as 5 Fluorouracil
(5FU), doxorubicin hydrochloride, cyclophosphamide
monohydrate and paditaxel trigger a stromal reaction,
leading to TMF-o production. TNF-o increases CXCL1/2
expression wia NF-«B, which results in a feedback
loop that promotes cancer cell survival™, NF-xB is a
transcription factor that can be activated downstream
of the PKB/AKT and mitogen-activated protein kinase
(MAPK) signaling pathways, Increased activity of NF-xB
has been associated with the high expression of genes

MNovember 14, 2018 | Volume 24 | Issue 42 |
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Proliferation
-

Physlolagical

Cell
membrang

membrane

Figure 2 CXCL and CXCR network in physiolegical and cancer conditions, A: The binding of CXCL to CXCR tnggers the activation of signaling pathways, such
as PKBAKT and ERK/MAPH. Both pathways share NF-xB as a downstream factor which, in the nucleus, promotes the transcription of the CXCLs, These pathways
maintain the physiologic conditions inside the cell. B! In a cancer cell exposed to chematherapy, the situation is different. The chemotherapeutic treatment promotes
the hyperactivation of these pathways. As a result, the CXCLs are also more abundant, promoting an autacring response and, further, a positive feedback loop.
This response results in pathological processes, such as tumor growth and metastasis, and in resistance to anticancer treatments. PKB: Protein kinase B; ERK:
Extraceliuvlar signal-regulaled kinases; MAPK: Mitogen-activatad protein kinase; NF-xB: Muclear factor wB8.

related to cancer cell survival, proliferation, angiogenesis,
and also the development of resistance to anticancer
drugs (Figure 2). As CXCL1 and 2 (and other chemokines
that bind to CXCR1 and 2) can activate this pathway,
it is not surprising that these chemokines play a role
in chemoresistance and may also serve as predictive
biomarkers in CRC.

For instance, we reported that CRC cells with
acquired resistance to OXA exhibited high intracellular
and secreted levels of CXCL1, 2 and 8, which was a
consequence of the upregulated activation of NF-xB
in the resistant cells. Both the inhibition of NF-xB with
curcumin and the silendng of genes encoding for these
chemokines led to a partial reversion of the resistance
phenotype, The combination of curcumin and OXA was

,:g.;.;.un...v WIG | www wignel.com
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especially synergistic in resistant cells. Moreover, in
experiments with tissue explants derived from hepatic
CRC metastasis, we determined that higher levels
of CXCL1 led to higher sensitivity of explants to the
combination of curcumin + OX4&. Thus, the tumor or
serum levels of CXCL1 may serve as a useful biomarker
for OXA resistance and may be indicative of curcumin +
OxA, sensitivi™™, In another study, Ning et a** reported
that CxCLE mediated resistance to OXA in CRC cell lines
through its binding to CXCRZ and AKT/MAPK/NF-xB
signaling. The gene silencing of CXCR2 sensitized cells
to the platinum drug. Treatment of CRC cell lines with a
CXMCR2 antagonist (SCH-527123) resulted in decreased
migration and invasion, and increased apoptosis, acting
synergistically with OXa., Further work performed in wivo
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demonstrated similar results®™, These results, together
with those reported by Wilsen et " in prostate cancer
cells, suggest that the levels of at least CXCL1 and 8 (and
also CHCR2) can identify CRC patients who are unlikely
to respond to OXA, who may be putative candidates for
treatrment with CXCR2 inhibitors in combination with this
platinum agent.

The role of the CXCR1/CXCRZ pathway in the re-
sponse and resistance to chemotherapy is not limited to
OXA. Due to the role of these chemokines and receptors
in promoting angiogenesis, it has been speculated
that they can influence the response and resistance
to antiangiogenic drugs. Two works reported that low
serum levels of CXCLE in mCRC patients treated with
chemotherapy plus bevaczumab had better outcomes.
First, in a short communication from Abajo et al®*,
low levels of CXCLE measured before treatment
with bevacizumab, irinotecan and gemcitabine, were
associated with better response rates in a small cohort
of patients. This group also reported a general decrease
in the levels of CXCLE in post-treatment samples™, In
ancther study, Di Salvatore et af*" analyzed the serum
levels of CXCLE in 120 RAS mutant patients treated
with first-line 5FU + Leucovorin + OXA (known as
FOLFOX) + bevacizumab. They found that low levels
of CXCLE were associated with longer progression-free
(PFS) and overall survival (0%). The same group also
studied a polymorphism (c-251T=A) in the CXCLE gene
and reported that the TT genotype was assodated with
longer PFS and OS5 in the aforementioned patients but
not in another cohort that was treated only with FOLFOMX.
Interestingly, patients carrying the TT genotype had
significantly lower serum levels of CXCLE8 compared
with patients with the AT or AA genotype™, Another
polyrmorphism (rs2234671) in the CXCR1 gene was
found to be associated with the overall response
rate in 132 mCRC patients treated with OXA-based
chemotherapy plus bevacizumab, However, the authors
did not provide a biological explanation underlying these
results'®’!. Two methods of measuring chemokines and
their receptors include the immunohistochemical staining
of proteins in tumor tissues and the qPCR evaluation
of mRNA levels, Using these techniques, Desurmont
et al*® determined that high levels of CXCR2 and its
ligands, CXCLY and &, were associated with worse PFS
and 05 in CRC patients who underwent necadjuvant
chemotherapy (different schedules) followed by meta-
static hepatectomy, but not in those who were treated
with surgery alone. CXCR2 and CXCL? mRNA levels
were higher in metastasis from chemotherapy-treated
patients compared to metastasis from patients who
underwent surgery alone. These data suggest not only
the prognostic value of CXCR2 (and CXCL7) but also
its involvernent in disease aggressiveness. Therefore,
targeting the CXCR1/2-mediated signaling pathway has
been suggested as a possible therapeutic approach for
treating CRC and other tumors,

As the CXCR1/2-mediated signaling pathway is
associated with inflammation, several studies have
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described how the inhibition of CXCR1 or CXCR2 could
potentially be used for preventive purposes™™ ], Notably,
the study by Jamieson et al®! showed that CXCR2
acts as a potent pro-tumaorigenic CXCR which directs
the recruitment of tumor-promaoting leukocytes into
tissues (including the intestines) during tumor-inducing
and tumor-driven inflammation. Thus, the deletion or
inhibition of this receptor led to the profound suppression
of inflammation-driven and spontangous tumorigenesis
in a mouse model of colon cancer, suggesting that CXCR2
antagonists may have therapeutic and prophylactic
potential in the treatment of cancer™, additionally, in the
metastatic setting, it has been shown that treatment with
inhibitors of this pathway may be a good strategy!™* ),
Interestingly, the use of two different inhibitors against
CXCR1 and 2 reduced the development of metastasis in
mouse models but had no effect on primary tumors. This
effect was due, in part, to the capacity of the inhibitors to
abrogate neovascularization!™,

AXIS 2: CXCR4 AND CXCR7

The CXCR4/CXCRY pathway is activated after the binding
of CHCL12 to CXCR4 or 7. Strikingly, although CXCL12 is
an ELR chemokine, the activity of this pathway has been
primarily associated with stemness, the development of
metastasis and poor prognosis. CXCR4 has been shown
to co-localize with CRC stem cell markers, such as Lgrs,
CD133 and CD44, and this co-localization was associated
with epithelial-mesenchymal transition (EMT) processes
and resistance to therapy™ ™., Similar to CXCR1/2, the
MF-xB transcription factor appears to have a role in the
induction of EMT. In this case, it has been shown that
lipopolysaccharides can promote the migratory capacity
of CRC in vivo and in wvitro by inducing CXCR4 expression
and EMT through NF-«B signaling™®, Additionally, the
link between obesity and CRC has been attributed
to the interaction between the adipokine visfatin and
CHCL12'". CXCR4 expression appears to be increased in
umors compared with normal tissues and in metastasis
compared with primary tumors. This increase is
associated with poor prognosis, as shown in the work by
Yopp et al*'. This group assessed CXCR4 (among other
factors) expression by immunohistochemical staining
in 75 patients who underwent partial hepatectomy
with curative intention and found that CXCR4 positivity
was negatively associated with disease-specific and
recurrence-free survival®', This finding suggests the
possibility of targeting CXCR4 for therapeutic purposes. A
lentiviral vector carrying siRMNA targeting CXCR4 was used
in CRC cell lines and a mouse model; the result was a
reduction in cell proliferation, migration and invasion and
the formation of hepatic metastasis™!, Other researchers
are attempting to exploit the membrane localization
of CXCR4 to direct nanoparticles that recognize this
receptor, facilitating their entry into the cells to deliver
antineoplastic drugs™. Specific inhibitors, such as
plerixafor, have been identified as a possible therapy for
CRC and are under investigation in several dinical trials
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involving solid and non-solid tumors. Regardless of the
strategy, it is important to take into account the biclogy
of CXCR4 and 7. Two studies reported inconsistent
regulation and effects between these two receptors,
Romain et af** reported elevated levels of both receptors
in late stage carcinomas compared to normal mucosa,
colon polyps or early carcinomas. However, this group
demonstrated that while CXCR4 expression was strongly
induced by hypoxia-inducible factor 1 alpha (HIF-1w),
this was not the case of CXCR7. Moreover, the reduction
of CXCR4 expression was associated with a decrease
in AKT and extracellular signal-regulated kinases (ERK)
activation which, was not observed for CXCRY. The
authors conclude that CXCR4 Is a more promising target
compared to CXCR7 in CRC™, Similady, Heckmann
and colleagues showed different (and partly antidromic)
patterns of expression between CXCRT and CXCR4 after
stimulation with CXCL12 in colon cancer cells. CXCR4
overexpression was associated with increased levels
of microRMA-217 and -218 in CXCR4-overexpressing
cells, but this was not the case for the overexpression
of CXCR7. Additionally, CXCR4 cells were more
sensitive to SFU compared with CXCR7 cells™. Thus,
the clinical application of CXCR4 antagonists, such as
plerixafor, should be studied with caution. Finally, the
relationship between this pathway and the resistance
to treatment of CRC has also been studied. High levels
of CXCR4 were found to be associated with resistance
to all chemotherapeutic agents used (5FU, irinotecan
and OXA), including anti-VEGF therapies. In SW1116
colon cancer cells with acquired resistance to QXA or
5FU, the expression of and signaling through CXCR4
was found to be associated with the chemoresistant
phenotype. Specifically, the authors demonstrated
that the ERK1/2/MAPK and phosphatidylinositol-3-
kinases (PI3K)/AKT pathway was important in CXCR4-
mediated chemoresistance!™, The effect of CXCR4 on
resistance to OXA can be exploited therapeutically by
using endostar, a modified endostatin. When endostar
and OXA are administered together, they have a
synergistic effect, primarily due to the reduction in
CXCR4 levels™, In two different orthotopic mouse
models, treatment with anti-VEGFR2 therapy resulted
in the upregulation of both CXCL12 and CXCOR4, CHCR4-
expressing immunosuppressive innate immune cells
(Ly6low monocytes) were recruited to the tumor site
upon treatment with anti-vEGFR2, which was abrogated
after CXCR4 blockade'™,

AXIS 3: CXCR3

The chemokines CXCL4, CXCOLS, CXCL10 and CXCL11
are considered to exert an angiostatic effect through their
binding to CXCR3, although CXCL11 can also bind to
CXCR7“. CXCR3 s found on peripheral blood activated
T cells in witro and on a significant fraction of droulating
CD4™ and CDB™ T cells, B cells and natural killer (MK)
cells, but not on mMonocytes or neutruphils[“". These
chemokines are upregulated by interferon gamma (IFMN-¢)
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and, therefore, they have important roles in inflammatory
diseases, such as ulcerative colitis™ and active pulmonary
tuberculosis'™!, However, the infiltration of activated CD4”
and CO8™ T cells in tumors is considered to be a good
prognostic factor; consequently, most of the research on
the expression of these chemokines or their receptors
in the context of CRC is focused in that direction. An
interesting study by Lal et af* suggests that KRAS
mutations are associated with reduced levels of CXCL10
and with the suppression of cytotoxic T cells, neutrophils
and the IFMN-v pathway, especially in CRC consensus
molecular subtype (CMS) 2 and CMS3. Other studies
also reported the potential of these chemokines as good
prognostic factors, primarily because of thelr assodation
with the high Infiltration of CD&8™ T and CD4™ T helper 1
(Thi) effector cells™ ™, Mice injected with colonic tumor
cells overexpressing CXCL10 were protected against
metastasis development™. Two independent studies
demonstrated the post-surgical positive prognostic value
of CXCL10 expression in localized colon cancer™ ],
Specifically, in the study by Agesen et a/*’l, CXCL10
levels were part of a 13-gene expression classifier called
ColoGuideEX for the prognosis prediction in stage 11
CRC. Interestingly, some authors have reported the
opposite results. For instance, a high level of CXCR3
protein expression in primary CRC tumors was shown
to be indicative of a poor prognosis™ . In another study,
the authors investigated the molecular factors underlying
the poor prognosis of CRC tumor neurcendocrine
differentiation and found that neurcendocrine-like cells
secreted high levels of CXCL10 and CXCL11 which, in
turn, promoted the recruitment of tumor-associated
macrophages, thereby promoting the proliferation and
invasion of CRC cells and leading to a poor prognosis™,
Taken together, these findings appear to indicate
that targeting CXCR3 or its ligands would not be an
effective therapeutic strategy against CRC. Howewer,
some authors have speculated otherwise about the
possibility of enhancing this pathway indirectly. It is worth
commenting on three different papers that address
three different strategies. First, Brackett ot af™" used a
Toll-like receptor 5 (TLRS) agonist called entolimod in a
murine MCRC model. This group found that entolimod
induced the expression of CXCL9 and CXCL10 in tumors
which, in tum, led to the recruitment of CXCR3" NK cells
to the liver, thereby activating dendritic cells (DCs) and
stimulating the CD8" T cell response. Conseguently,
the drug exerted an anti-metastatic effect and a tumor-
spedfic and durable immune memory'™, Second, Yang
et al*™ studied the effect of signal transducer and acti-
vator transcription 3 (STAT3) inhibition in combination
with immunogenic chemotherapy (anthracydines). This
group showed that, when injected in mice, STAT3 KO
cells developed tumors with higher infiltration of DCs
and cytotoxic T cells after treatment with anthracydines.
These tumors also displayed higher levels of CXCLS
and 10. Consequently, STAT3 inhibition improved the
outcome of chemotherapy-treated mice by synergizing
with immunogenic d'lernuﬂ'lerapy{m]. Another interesting
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approach involved the depletion of regulatory T cells
(Treg) in mice bearing CRC tumors. This depletion was
associated with an increase in T cell infiltration and
proliferation and an increase in CXCL9 and 10, which led
to the accumulation of CXCR3" T cells and the increased
mRNA expression of IFN-y, which suggests Treg cell
targeting as a possible anti-turmor immunotherapy™,
It is important to note that some studies have indicated
that CXCR3 targeting may be a good strategy against
CRC cancer ™,

Finally, high mRNA levels of CXCL9 and 11 as
well as CXCL10"™*! appear to be associated with the
response to necadjuvant chemotherapy (5FU) plus
radiotherapy in patients with locally advanced rectal
cancer; on the other hand, CXCL4 was shown to be
upregulated after treatment with 5FU, which was
associated with accelerated growth in viva™!. These
studies suggest the possibility of using members of this
pathway as predictive biomarkers.

AXIS 4: MISCELLANY

Finally, it is worth commenting on the lesser known
chemokines CXCL13, 16 and 17. Similar to that of the
previously mentioned chemokines, the CXCL13-CxXCRS
axis is involved in regulating lymphocyte migration and
promoting inflammation™, However, the role of this
axis in promoting or inhibiting tumor development or
progression s not clear, as the current articles report
contradictory results. Zhu et a'*® reported that this
pathway promotes the growth, migration and invasion of
colon cancer cells, likely through the PISK/AKT pathway.
Accordingly, high plasma levels of CXCL13 and positive
immunohistochemical staining of CXCL13 and CXCR5
in tumors from CRC patients were associated with
dinical and pathological characteristics typically related
with a worse prognosis™ ™. In contrast, high levels of
CXCL13 in colorectal tumors have also been shown to be
associated with the infiltration of follicular Th and B cells
and, consequently, with a better prognosis. Cremonesi
et al™! attributed the increase in CXCL13 levels to the
presence of gut microbiota, whereas in the work of
Bindea et &, genomic instability affected CXCL13
expression, which led to alterations in T and B cell
infiltration and dinical outcomes, In addition, it appears
that a significant CD8" T cell subset in colorectal tumors
that are CXCR5" potentially contribute to anti-tumor
activity'™', Not surprisingly, low levels of CXCL13 have
been reported as a negative prognostic factor in CRC
patients'™ ™, These contradictory results may be affected
by several factors, including tumor stage, treatment,
molecular subtype and microsatellite instability.

CHCRE is expressed on the surface of CD4" T cells,
CDE" T cells, NK cells and plasma cells and is responsible
for inducing the chemotactic migration of these cells to
inflamed tissues. The ligand of CXCRG6, CXCL16, has two
forms, the trans-membrane (TM) form and the soluble(s)
form. TM-CXCL16 is expressed on macrophages, DCs,
monocytes, and B cells where it functions as a cell
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adhesion molecule for cells that express CXCRE™., TM-
CXCL16 is also a novel scavenger receptor that binds
to phosphatidylserine and oxidized lipoprotein. In the
membrane, this chemokine is cdeaved by the disintegrin-
like metalloproteinases ADAM10 and ADAM1 7, produding
fragments that are released outside the cells™, sCXCL16
functions as a chemotactic factor for CXCRE-expressing
Thi, T cells and MK cells. Interestingly, soluble CXCL16
can promote angiogenesis in human umbilical vein
endothelial cells™, Again, given its capacity to promaote
tumor immunity, many of the published works describe
CXCL16 as a positive prognostic factor ™. On the other
hand, Matsushita et ai*" reported that CRC patients
had higher levels of CXCL16 In the serum compared
to healthy controls, and these levels increased with
tumor stage and were correlated with poor survival.
In patients with localized disease, higher serum levels
of CXCL16 were associated with a higher probability of
metachronous liver recurrence and worse survival. In
vitro, treatment with recombinant CXCL16 promoted cell
growth, migration, invasion and EMT™, Thus, the exact
role of CXCL16 in CRC warrants further investigation.

Finally, CXCL17 is a 119-amino acid CXC chemokine
that binds specifically to CXCR8™* This chemokine
is expressed in breast and colon cancer and acts as
a chemoattractant for monocytes, macrophages and
mature and immature DCs, thereby playing an important
role in angiogenesis® ™, CXCL17 expression is co-
regulated with VEGF expression®™™*! and can attract
neutrophils to tumor sites and promote tumorigenesis
through angiogenesis in mouse models™, Very little
is known about the role of CXCL17 in CRC. Ohlsson
et al*” reported high mRNA levels of CXCL17 in several
CRC cell lines as well as very high mRNA and protein
levels of CXCL1Y In primary CRC tumors compared to
normal colon tissue, CXCL17-positive cells measured by
immunofluorescence and immunchistochemistry were
significantly more abundant in colon cancer tissues (80%6)
compared with the controls (normal colon samples
from proximal or distal resection margin). Interestingly,
CHCL17 was more abundant in tumor epithelial cells
(17.2%) in comparison with tumor stromal cells (2.7%),
and CXCL17 mRNA levels were correlated with the
rmyeloid cell marker CDB6, which is primarily expressed
in antigen presenting cells (APCs), suggesting that this
chemokine may contribute to the infiltration of APCs into
the wmor®, Taken together, these findings indicate
that the high expression of CXCL1Y in CRC may be an
indicator of poor prognosis in colon cancer, although
further studies are warranted to elucidate the exact role
of this chemokine in this malignancy.

In summary, very little information Is avallable
on the role of these less-known chemokines in CRC
development or response to treatment.

CONCLUSION

The importance of the immune system in the survei-
llance, prognosis and treatment of cancer is undeniable.
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The recent development of immunotherapies and the
rapidness of their application to the dlinics for several
tumor types demonstrate the possibilities of exploiting
the immune system as a target for drug development.
Moreover, the recent publication of the international
validation of the consensus Immunoscore™! as a reliable
tool to classify colon cancer and to prognosticate its
outcome also reveals the utility of using iImmune factors
[in this case, total tumor-infitrating T cell (CD37) and
eytotoxic T cell counts (CD8™)] as biomarkers. Therefore,
other immune system-related factors thought to be
important in cancer development and/or progression may
also serve as prognostic and/or predictive biomarkers.
Specially, those soluble factors that are released from
twmor cells and are involved in the attraction of tumor-
promoting or -killing cells are interesting candidates.
In the present review, we have described the potential
utility of chemokines from the CxXC family as biomarkers
of response and prognosis in CRC. Moreover, as these
chemokines exert their function through binding to
membrane receptors, these receptors also appear to be
excellent drug targets. Some challenges still need to be
overcome. First, some researchers have doubts about
the systemic value of a factor that exerts its function
locally. Second, due to certain contradictory reports, a
deeper knowledge of the exact roles of each chemokine
and its receptor(s) is urgently needed. Nevertheless, we
are convinced that in the following years, these small
secreted proteins will have a large role in predictive and
personalized cancer medicine,
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Introduction

Chemokines are small molecular weight (8—10 kD) cytokines secreted by
various eukaryotic cell types, including those of the immune system. Their
main function is to promote and regulate cell migration in both normal
and pathological conditions, including immune surveillance, inflammation,
angiogenesis, microbial infection, autoimmune diseases, tumor growth,
vascular diseases, and transplant rejection (Locati et al. 2005, Slettenaar
and Wilson 2006). The regulatory functions of chemokines are exerted
via binding and signaling through specific G protein—coupled receptors
expressed on the surface of chemokine-responsive cells.

Chemokines are classified into four subfamilies (C, CC, CXC, and CX3C)
based on the number and spacing of cysteine residues within the protein
sequence. The C chemokines are known as lymphotactins, and are
found at high levels in spleen, thymus, intestine, and peripheral blood
leukocytes. The CC chemokines have the first two cysteines in adjacent
positions and are known to attract granulocytes and lymphocytes,
including NK cells. The CXC chemokines have the first two of four
cysteines separated by a single amino acid, denoted X. Most CXC
chemokines are chemo-attractants for neutrophils and lymphocytes. The
CX3C chemokines have three amino acids inserted between the first two
cysteines. The only CX3C chemokine discovered to date is fractalkine,
which is both a chemo-attractant and adhesion molecule.

Multiplexing with Bio-Plex Pro Chemokine Assays
Bio-Plex Pro chemokine assays enable researchers to quantify multiple
protein biomarkers in a single well of a 96-well plate in just 3-4 hours.
These robust immunoassays require as little as 12.5 ul of serum or
plasma or 50 pl of other biological fluid. The use of magnetic (MagPlex)
beads allows researchers to automate wash steps on a Bio-Plex Pro

(or similar) wash station. Magnetic separation offers greater convenience
and reproducibility compared to vacuum filtration.

For more information please visit www.bio-rad.com/bio-plex.

ANNEX III: Luminex-Biorad user manual



ANNEX III: Luminex-Biorad user manual

Principle

Technology

The Bio-Plex® multiplex system is built upon the three core elements of
XMAP technology:

» Fuorescently dyed magnetic microspheres (also called beads), each
with a distinct color code or spectral address to permit discrimination of
individual tests within a multiplex suspension. This allows simultaneous
detection of up to 500 different molecules in a single well of a 96-well
microplate on the Bio-Plex® 3D system, up to 100 different molecules
on the Bio-Plex® 200 system, and up to 50 different molecules on the
Bio-Plex® MAGPIX™ system

= A dedicated plate reader. The Bio-Plex 200 and Bio-Plex 3D systems
are flow cytometry-based instruments with two lasers and associated
optics to measure the different molecules bound to the surface of the
beads. In the Bio-Plex MAGPIX system, the sample is injected into a
chamber where the beads are imaged using LED and CCD technology

= A high-speed digital signal processor that efficiently manages the
fluorescence data

Assay Format

Bio-Plex Pro™ assays are essentially immunoassays formatted on
magnetic beads. The assay principle is similar to that of a sandwich
ELISA (Figure 1). Capture antibodies directed against the desired
biomarker are covalently coupled to the beads. Coupled beads react
with the sample containing the biomarker of interest. After a series of
washes to remove unbound protein, a biotinylated detection antibody
is added to create a sandwich complex. The final detection complex is

formed with the addition of streptavidin-phycoerythrin (SA-PE) conjugate.

Phycoerythrin serves as a fluorescent indicator, or reporter.
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Biomarker
of Interest
¢ Streptavidin
Magnetic Bead Phycoerythrin
L Fluorescent
Capture Blotlnyliated Reporter
Antibody Detection

Antibody

Fig. 1. Bio-Plex sandwich immunoassay.

Data Acquisition and Analysis

Data from the reactions are acquired using a Bio-Plex system or similar
Luminex-based reader. When a multiplex assay suspension is drawn into
the Bio-Plex 200 reader, for example, a red (635 nm) laser illuminates
the fluorescent dyes within each bead to provide bead classification and
thus assay identification. At the same time, a green (532 nm) laser excites
PE to generate a reporter signal, which is detected by a photomultiplier
tube (PMT). A high-speed digital processor manages data output, and
Bio-Plex Manager™ software presents data as median fluorescence
intensity (MFI) as well as concentration (pg/ml). The concentration of
analyte bound to each bead is proportional to the MFI of reporter signal.

Using Bio-Plex Data Pro™ software, data from multiple instrument runs
can be combined into a single project for easy data management, quick
visualization of results, and simple statistical analysis.
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Kit Contents and Storage

Reagents Supplied

Bio-Plex Pro™ human chemokine assays are available in a convenient
all-in-one kit format that includes assay, reagent, and diluent

components in a single box.

Table 1. Contents of 1 x 96-well kits.

HEk

Component Quantity
Coupled magnetic beads (20x) 1 tube
Detection antibodies (20x) 1 tube
Standards 1 vial
Quality control* 1 vial
Sample diluent HB 1 bottle (8 ml)
Detection antibody diluent HB 1 bottle (3.5 ml)
Standard diluent HB 1 bottle (10 ml)
Assay buffer 1 bottle (50 ml)
Wash buffer (10x) 1 bottle (60 ml)
Streptavidin-PE (100x) 1 tube
Assay plate (96-well flat bottom plate)*™ 1 plate
Sealing tape 1 pack of 4
Assay quick guide 1 booklet
Product data sheet 1 sheet

* Provided with the 40-plex fixed panel only.
** Filter plate option available with custom x-Plex™ and Express kits.

“*Volumes shown are approximate.

Storage and Stability

Kit contents should be stored at 4°C and never frozen. Coupled magnetic
beads and streptavidin-PE should be stored in the dark. All components
are guaranteed for a minimum of six months from the date of purchase
when stored as specified.
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Table 2. Recommended materials.

ltem Ordering Information
Bio-Plex Pro Chemokine Assays Quick Guide Bulletin #10031991 (download
at www.bio-rad.com/bio-plex)
Bio-Plex® 200 system or Luminex system with HTF Bio-Rad catalog #171-000205
Bio-Plex validation kit Bio-Rad catalog #171-203001

Note: Run the validation kit monthly to ensure optimal
performance of fluidics and optics systems

Bio-Plex calibration kit Bio-Rad catalog #171-203060
Note: Run the calibration kit daily to standardize
fluorescence signal
Bio-Plex Pro wash station Bio-Rad catalog #300-34376
For use with magnetic bead-based assays only
Bio-Plex Pro Il wash station Bio-Rad catalog #300-34377

For use with both nonmagnetic and magnetic
bead-based assays

Bio-Plex handheld magnetic washer Bio-Rad catalog #170-20100
For use with magnetic bead-based assays only
Bio-Plex Pro flat bottom plates (40 x 96-well) Bio-Rad catalog #171-025001

For magnetic separation on the Bio-Plex Pro wash station

Titertube® micro test tubes Bio-Rad catalog #223-9390
For preparing replicate standards, samples, and controls
prior to loading the plate

Microtiter plate shaker

IKA MTS 2/4 shaker for 2 or 4 microplates IKA catalog #320-8000

or

Barnstead/Lab-Line Model 4625 plate VWR catalog #57019-600

shaker (or equivalent capable of 300-1,100 rpm)

Aurum™ vacuum manifold Bio-Rad catalog #732-6470

For vacuum filtration

BR-2000 vortexer Bio-Rad catalog #166-0610

Reagent reservoirs, 25 ml Vistalab catalog #3054-1002
- Toaih or

For capture beads and detection antibodies Vistal ab catalog #3054-1004

Reagent reservoir, 50 ml (for reagents and buffers) Vistalab catalog #3054-1008

Pall Life Science Acrodisc: 25 mm PF syringe filter Pall Life Sciences

(0.8/0.2 pm Supor membrane) catalog #4187

Filter plate, 1 x 96 with clear plastic lid and tray Bio-Rad catalog #171-304502

Other: 15 ml polypropylene tubes for reagent dilutions, calibrated pipets, pipet tips, sterile
distilled water, aluminum foil, absorbent paper towels, 1.5 or 2 ml microcentrifuge tubes, and
standard flat bottom microplate (for calibrating vacuum manifold).

5
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Assay Workflow

Prewet wells
(for filter plate only)

Add 50 ul 1x beads to wells
Wash 2 x 100 ul

Add 50 pul standards, samples, controls;
incubate on shaker at 850 rpm for 1 hr at RT

Wash 3 x 100 pl

Add 25 pul 1x detection antibody; incubate
on shaker at 850 rpm for 30 min at RT

Wash 3 x 100 pl

Add 50 pl 1x streptavidin-PE; incubate
on shaker at 850 rpm for 10 min at RT

Wash 3 x 100 pl

Resuspend in 125 ul assay buffer,
shake at 850 rpm for 30 sec

Acdquire data on Bio-Plex system

6
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Important Considerations

Instruments and Software

The Bio-Plex Pro™ assays described in this manual are compatible with

all currently available Luminex-based life science research instruments.
Assays can be read and analyzed with either Bio-Plex Manager™ software
or Luminex xPONENT software (see the Run Assay section).

Assay Procedures
Please pay close attention to vortexing, shaking, and incubation times
and to Bio-Plex® reader PMT (RP1) setting, as these have been optimized

specifically for each assay panel.

Assay Quick Guide

Each assay kit comes complete with a printed Bio-Plex Pro™ Assay Quick Guide
(bulletin #10031991), which can be used to prepare and run a full 1 x 96-well
assay plate. Users can also download a copy at www.bio-rad.com/bio-plex.

Bead Regions and Multiplexing Compatibility

» Bead regions for all analytes are listed in the Read Plate section

= Do not mix analytes between different Bio-Plex panels or reagent kits.
Resulting standard curves and sample values may be inaccurate

Detailed Instructions

The following pages provide detailed instructions for each step of the
assay procedure, including preparation, running the assay, and reading the
plate with Bio-Plex Manager™ and Luminex XPONENT software.
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1

. Plan Plate Layout

Determine the total number of wells in the experiment using the Plate
Layout Template on page 35 or the Plate Formatting tab in

Bio-Plex Manager™. A suggested plate layout is shown in Figure 2,
with all conditions in duplicate.

1.

Assign standards to columns 1 and 2, with the highest concentration
in row A and the lowest concentration in row H.

2. Assign the blank to wells A3 and A4. The blank should consist of your
chosen standard diluent. Note that Bio-Plex Manager automatically
subtracts the blank (B) MFI value from all other assay wells.

3. User-specified controls, as well as the quality controls supplied in
premixed kits, are assigned to wells in columns 3 and 4.

4. The remainder of the plate is available for samples.

Once the total number of wells is known, you can calculate the
required volumes of beads, detection antibody, and streptavidin-PE.
Use Tables 6-7, 9-10, and 11, respectively, or the Calculation
Worksheet on pages 36-37.
BEiL: -y @™ Legend
Pratocol Setings m"ﬂﬁw|
C. 123 45678 910012 @ Standard
A%%T T ||15 || 15 |( 18 || 18 || 17 || 17
EM\;);WB B B || 8 (181819 (19| 20 20 Blank
C@®1|198212122222323
3 Fomat Piate n@@zzmmummnn:sm
e E@@ia o] 1|27 27 |28 28 | 29 [ s X Samples
4. Enter Standards Info F 4 [T 12 (|12 [;m NN an
? G S || 5 |[13| 13| 33[|22| 34|34 25/| 35 Controls
5. Enter Controls Info H 6| 8 |14 14| 36| 36| 37| 37| 38| 38 @

?

6. Enter Sample info

7. Run Protocol

Fig. 2. Suggested plate layout. For detailed instructions on plate
formatting in Bio-Plex Manager, see the Read Plate section.

8

Annexes 183



184 Annexes

2. Prepare Instrument

These directions are specific for the Bio-Plex® 100/200 reader. To prepare
either a Bio-Plex 3D or Bio-Plex® MAGPIX™ reader, consult their respective
user manuals.

Note: While the instrument is warming up, bring the 10x wash bulffer,
assay buffer, and diluents to room temperature. Keep other items on ice
until needed. Also, begin to thaw frozen samples.

Start up and calibrate the Bio-Plex system with Bio-Plex Manager™
software prior to setting up the assay. The calibration kit should be run
daily or before each use of the instrument to standardize the fluorescent
signal. For instructions on using other xMAP system software packages,
contact Bio-Rad Technical Support.

The validation kit should be run monthly to ensure optimal performance of
fluidics and optics systems. Refer to either the software manual or online
Help for directions on how to conduct validation.

Start Up System (Bio-Plex 100, 200, or similar)

1. Empty the waste bottle and fill the sheath fluid bottle before starting
if high throughput fluidics (HTF) are not present. This will prevent
fluidic system backup and potential data loss.

2. Turn on the reader, XY platform, and HTF (if included). Allow the
system to warm up for 30 min (if not already done).

3. Select Start up m and follow the instructions. If the system is idle
for 4 hr without acquiring data, the lasers will automatically turn off.
To reset the 4-hr countdown, select Warm up i, and wait for the
lasers/optics to reach operational temperature.

Calibrate System

1. Select Calibrate z’:j and confirm that the default values for CAL1
and CALZ2 are the same as the values printed on the bottle of Bio-Plex
calibration beads. Use the Bio-Plex system low RP1 target value.
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2. Select OK and follow the software prompts for step-by-step
instructions for CAL1 and CAL2 calibration.

Note: |In Bio-Plex Manager version 6.1 and higher, startup, warm up,
and calibration can be performed together by selecting the Start up and
calibrate icon. i

3. Prepare Wash Method

Bio-Plex Pro™ assays are compatible with both magnetic separation and
vacuum filtration methods. However, for best results, we recommend
performing the assays in a flat bottom plate with magnetic separation.

Table 3. Summary of compatible wash stations and plate types.

Wash Method Wash Station Assay Plate

Magnetic separation Bio-Plex Pro Flat bottom plate
Bio-Plex Pro Il (use MAG programs)
Bio-Plex® handheld magnetic washer

Vacuum filtration Bio-Plex Pro |l (use VAC programs) Filter plate
Vacuum manifold (manual)

Setting up the Bio-Plex Pro or Bio-Plex Pro |l

Wash Station

The wash station should be primed before use. For more information, refer
to the Bio-Plex Pro Wash Stations Quick Guide (bulletin #56826).

1. Install the appropriate plate carrier on the wash station.

2. Use the Prime procedure to prime channel 1 with 1x wash buffer.

Setting up the Bio-Plex Handheld Magnetic Washer
Place an empty flat bottom plate on the magnetic washer by sliding

it under the retaining clips. Push the clips inward to secure the plate.
Make sure the plate is held securely. If needed, the clips can be adjusted
for height and tension. For detailed instructions, refer to the user guide
(bulletin #10023087).

10
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Setting up a Vacuum Manifold

Calibrate the vacuum manifold by placing a standard 96-well flat bottom
plate on the unit and adjusting the pressure to -1 to -3" Hg. In general,
100 pl liquid should take 3-4 sec to clear the well. For more detailed
instructions, refer to bulletin #10005042.

4. Prepare Wash Buffer

1. Bring the 10x stock solution to room temperature.

2. If crystals exist, ensure that they are completely dissolved. Mix the
10x stock solution by inversion before preparing the 1x wash buffer.

3. To prepare 1x wash buffer, dilute 1 part of 10x stock solution with
9 parts of deionized water.

5. Prepare Standards and Controls

General Instructions

= |t is essential to prepare standards and quality controls (if included)
exactly as described in this section. Incorrect preparation may lead to
low signal or variable measurements from plate to plate

» The product data sheet provided with the standards lists the most
concentrated point on the standard curve (S1). Enter this information
into Bio-Plex Manager™ software as instructed in section 9

Using the Quality Controls (optional)
A single vial of quality controls is provided with the 40-plex fixed panel only.
Their use is intended for monitoring the day-to-day quality of assay results.

11
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Selecting a Diluent for Standards and Controls
Refer to Table 4 for recommended diluents based on different sample types.

In order to meet the lot-specific control ranges provided on the product data
sheet, both the standards and controls should be reconstituted in Bio-Plex®
standard diluent HB. If reconstituting in a different diluent, users will need to
establish/validate their own control ranges or acceptance criteria.

Table 4. Summary of recommended diluents for standards and controls.

Diluent for Standards

Sample Type and Controls* Add BSA
Serum and plasma Standard diluent HB None
Culture media, with serum Culture medium None
Culture media, serum-free Culture medium To 0.5% final**
Lavage, sputum, other fluids Sample diluent HB To 0.5% final™
Lysate Sample diluent HB To 0.5% final™

* If using diluents other than standard diluent HB, users must establish their own control ranges.
** At least 0.5% final BSA is recommended to stabilize analytes and reduce adsorption to labware.

Reconstitute Standards and Quality Controls
This procedure prepares enough standard to run each dilution in duplicate.

Note: The appearance of the lyophilized standards or controls may vary
from a white pellet to clear crystals. Regardless of appearance, the vials
have passed QC specifications and perform accordingly.

1. Gently tap the vial containing the lyophilized standards on a solid
surface to ensure the pellet is at the bottom of the vial.

2. Reconstitute a single vial of standards with 781 pl of the appropriate
diluent. Optional: at the same time, reconstitute the controls vial with
250 pl of the appropriate diluent as summarized in Table 4. Controls
do not require further dilution.

3. Vortex the reconstituted standards and controls at medium speed
for 5 sec, then incubate on ice for 30 min. It is important that
reconstitution of standards and controls is started and ended at the
same time. Be consistent with this incubation time to ensure optimal
assay performance and reproducibility.

12
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4.

During the incubation period, prepare the samples as instructed in
the Prepare Samples section.

Prepare the Standard Dilution Series

The following procedure produces an eight-point standard curve with a
fourfold dilution between each point. Pipet carefully using calibrated pipets
and use a new pipet tip for every volume transfer.

1:

Label eight 1.5 ml polypropylene tubes S2 through S8 and Blank.
Alternatively, using Titertube® micro test tubes may prove to be more
convenient if a multichannel pipet will be used to load the plate.

Add 150 pl of the appropriate diluent to tubes S2-S8 (Figure 3).

Vortex reconstituted standards at medium speed for 5 sec before
removing any volume. Transfer 50 pl to the S2 tube containing the
chosen standard diluent. Vortex for 5 sec.

Use a new pipet tip to transfer 50 pl from the S2 tube to the S3 tube.
Vortex for 5 sec.

Continue with 1:4 (fourfold) serial dilutions as shown in Figure 3.

Use reconstituted and diluted standards and controls immediately.
Do not freeze for future use.

50 50 50 50 50 50 50 Transfer Volume, pl
- R Nl el
7YY Y YN
J N
J
Reconstituted
Standard 150 150 150 150 150 150 150 150 Diluent, pl
51 52 S3 54 S5 S6 57 58 Blank

Fig. 3. Preparing a fourfold dilution series with a single reconstituted standard.
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6. Prepare Samples

General guidelines for preparing different sample types are provided
here. For more information, consult publications listed in Bio-Rad bulletin
#5297, available for download at www.bio-rad.com, or contact Bio-Rad
Technical Support.

= Once thawed, keep samples on ice. Prepare dilutions just prior to the
start of the assay and equilibrate to room temperature before use

= Prepare sample dilutions in microcentrifuge tubes. Alternatively, if a
multichannel pipet will be used to load the plate, then aliquot the required
volumes into Titertube® micro test tubes

= Do not freeze diluted samples

Table 5. Summary of recommended sample diluents and dilution factors.

Sample Type Diluent Add BSA Sample Dilution®

Serum and plasma  Sample diluent HB None Fourfold (1:4)

Culture media,

with serum Culture media None User optimized (neat to 1:10)

Culture media,

serum-free Culture media To 0.5% final* User optimized (neat to 1:10)

Lavage, sputum,

other fluids Sample diluent HB To 0.5% final* User optimized (neat to 1:10)
User optimized (at least 1:2 for

Lysate Sample diuentHB  To 0.5% final* 200-900 pg/ml final protein)

* At least 0.5% final BSA is recommended to stabilize analytes and reduce adsorption to labware.

Serum and Plasma

Note: If using plasma, EDTA or citrate is preferred as an anticoagulant.
Heparin-treated plasma, while compatible with Bio-Plex Pro™ assays,
may absorb certain soluble proteins of interest. Avoid using hemolyzed
samples as this may lead to false positive results.

1. Draw whole blood into collection tubes containing anticoagulant.
Invert tubes several times to mix.

2. For serum, allow blood to clot at room temperature for 30 to 45 min.
For plasma, proceed directly to the centrifugation steps.

14
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Perform centrifugation at 1,000 x g for 15 min at 4°C and transfer the
serum or plasma to a clean polypropylene tube.

To completely remove platelets and precipitates, centrifuge again at
10,000 x g for 10 min at 4°C. Alternatively, filter the samples with a
0.8/0.2 pm dual filter to prevent clogging.

Dilute samples fourfold (1:4) by adding 1 volume of sample to
3 volumes of Bio-Plex® sample diluent HB (for example, 40 pl
sample + 120 pl sample diluent HB).

Assay samples immediately or aliquot into single-use tubes and store
at —70°C. Avoid repeated freeze-thaw cycles.

Cell Culture Supernatant

1:

Collect supernatants and centrifuge at 1,000 x g for 15 min at 4°C.
For cell lines cultured in serum-free culture media, collect samples and
add BSA as a carrier protein to a final concentration of at least 0.5%
to stabilize protein analytes and to prevent adsorption to labware.

Transfer to a clean polypropylene tube. If cellular debris or precipitates
are present, centrifuge again at 10,000 x g for 10 min at 4°C.

We recommend testing undiluted samples first. If high levels of
analyte are expected, samples can be further diluted in culture
medium. Rarely would samples need to be diluted greater than 1:10.

Assay immediately or store samples in single-use aliquots at —70°C.
Avoid repeated freeze-thaw cycles.

Lavage, Sputum, and Other Biological Fluid Samples
Keep all samples on ice until ready for use. The appropriate sample
dilution factor should be optimized by the user.

1.

If required, dilute the sample in Bio-Plex sample diluent with BSA
added to a final concentration of 0.5%.

Centrifugation at 10,000 x g for 10 min at 4°C may be required to
clarify the sample.

15
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Lysates

The Bio-Plex cell lysis kit is required for lysate preparation (available
separately, catalog #171-304011 and #171-304012). Refer to bulletin #5297
for a list of published articles on cytokine analysis in tissue samples.

1.

Prepare the cell or tissue lysates according to the instructions
provided with the Bio-Plex cell lysis kit. The protease inhibitors
factor | and factor Il are included in the kit. PMSF needs to be added
to lysis buffer at a final concentration of 2 mM. The lysates should be
free of particulate matter.

Determine the total protein concentration of the lysate. It may be
necessary to test lyse your samples with different volumes of lysing
solution to obtain the specified protein concentration range.

Dilute at least 1:2 in sample diluent + 0.5% BSA, to a final protein
concentration of 200-900 pg/ml. For analytes with high expression, a
lysate protein concentration as low as 50 pg/ml may be sufficient.

Note: For optimum antibody binding during sample incubation, it is
important to dilute lysates as much as possible to reduce the detergent
concentration.

4,

If the lysate is not tested immediately, store at —20°C to —70°C. Avoid
repeated freeze-thaw cycles.

. Prepare Coupled Beads

Use Tables 67 or the Calculation Worksheet on page 36 to calculate
the volume of coupled beads and assay buffer needed to prepare a
1x stock.

Add the required volume of Bio-Plex® assay buffer to a 15 ml
polypropylene tube.

16
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3. Vortex the 20x stock of coupled beads at medium speed for
30 sec. Carefully open the cap and pipet any liquid trapped in the
cap back into the tube. This is important to ensure maximum bead
recovery. Do not centrifuge the vial; doing so will cause the
beads to pellet.

4. Dilute coupled beads to 1x by pipetting the required volume into the
16 ml tube. Vortex.
Each well of the assay requires 2.5 pl of the 20x stock adjusted to a
final volume of 50 pl in assay buffer.

5. Protect the beads from light with aluminum foil. Equilibrate to room
temperature prior to use.

Note: To minimize volume loss, use a 200-300 pl capacity pipet to remove
beads from the 20x stock tube. If necessary, perform the volume transfer in
two steps. Do not use a 1,000 pl capacity pipet and/or wide bore pipet tip.

Preparing 1x coupled beads from 20x stock (includes 20% excess volume)

Table 6. Premixed panel or one singleplex assay.

# of Wells 20x Beads, pl Assay Buffer, pl Total Volume, pl
96 288 5,472 5,760
48 144 2,736 2,880

Table 7. Mixing singleplex assays.

20x Beads, pl  20x Beads, pl
# of Wells  Singleplex#1  Singleplex#2  Assay Buffer, pl Total Volume, pl

96 288 288 5,184 5,760
48 144 144 2,592 2,880

17
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8. Run Assay

Considerations
= Bring all assay components and samples to room temperature

before use
» Use calibrated pipets and pipet carefully, avoiding bubbles

= Pay close attention to vortexing, shaking, and incubation instructions.
Deviation from the protocol may result in low assay signal and
assay variability

= Assay incubations are carried out on a shaker at 850 £ 50 rpm at room
temperature (RT). Cover the plate with sealing tape and protect from
light with aluminum foil

Table 8. Summary of wash options and protocols. After each assay step, select the

appropriate Bio-Plex Pro™ wash station program or perform the appropriate manual wash
step as summarized below.

Bio-Plex Pro or Bio-Plex Pro Il Handheld Magnet or
Pro Il Wash Station Wash Station Vacuum Manifold
Assay Step Magnetic Program Vacuum Program Manual Wash Steps
Add beads to plate MAG x2 VAC x2 2x 100 pl
Sample incubation
Detection Ab incubation MAG x3 VAC x3 3x 100l

SA-PE incubation

Considerations When Using a Vacuum Manifold
= After each incubation, place the filter plate on a calibrated vacuum
apparatus and remove the liquid by vacuum filtration

= To wash, add 100 pl wash buffer to each well and remove the liquid as
before. Ensure that all wells are exposed to the vacuum

= Thoroughly blot the bottom of the filter plate with a clean paper towel
between each vacuum step to prevent cross contamination

» Place the assay plate on the plastic plate holder/tray as needed

= Before each incubation, gently cover the plate with a new sheet of
sealing tape. Avoid pressing down on the wells to prevent leaking from

the bottom
18
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Add Coupled Beads, Samples, Standards, Blank,
and Controls

1:
2

Cover unused wells of the assay plate with sealing tape.

Prewet the filter plate. Skip this step if using a flat bottom plate.

Prewet the wells with 100 pl assay buffer and remove the liquid by
vacuum filtration. Dry the bottom of the filter plate thoroughly by
pblotting on a clean paper towel.

Vortex the diluted (1x) beads for 30 sec at medium speed. Pour into
a reagent reservoir and transfer 50 pl to each well of the assay plate.

Tip: A multichannel pipet is highly recommended for ease of use
and efficiency.

4.

Wash the plate two times with 100 pl Bio-Plex® wash buffer per
well, using the wash method of choice.

Vortex the diluted samples, standards, blank, and controls at medium
speed for 5 sec. Transfer 50 pl of each to the appropriate well of the
assay plate, changing the pipet tip after every volume transfer.

Cover plate with a new sheet of sealing tape and protect from light
with aluminum foil. Incubate on shaker at 850 = 50 rpm for 1 hr at RT.

Note: Be consistent with this incubation time and shaker setting for
optimal assay performance and reproducibility.

Prepare and Add Detection Antibodies

1.

While the samples are incubating use Tables 9 and 10 or the
Calculation Worksheet on page 36 to calculate the volume of
detection antibodies and Bio-Plex detection antibody diluent HB
needed to prepare a 1x stock. Detection antibodies should be
prepared 10 min before use.

Add the required volume of Bio-Plex detection antibody diluent HB to
a 15 ml polypropylene tube.

Vortex the 20x stock of detection antibodies for 15-20 sec at
medium speed, then perform a 30 sec spin to collect the entire
volume at the bottom of the tube.

19
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4.

Dilute detection antibodies to 1x by pipetting the required volume into
the 15 ml tube. Vortex.

Each well of the assay requires 1.25 pl of the 20x stock adjusted to a
final volume of 25 pl in detection antibody diluent.

Preparing 1x detection antibodies from 20x stock (includes 25% excess volume)

Table 9. Premixed panel or one singleplex assay.

20x Detection Detection Antibody

# of Wells Antibodies, pl Diluent, pl Total Volume, pl
96 150 2,850 3,000
48 75 1,425 1,500

Table 10. Mixing singleplex assays.

20x Detection 20x Detection Detection

Antibodies, pl Antibodies, pl Antibody
# of Wells Singleplex #1 Singleplex #2 Diluent, pl Total Volume, pl
96 150 150 2,700 3,000
48 75 75 1,500 1,500

After incubating the beads, samples, standards, blank, and controls,
slowly remove and discard the sealing tape.

Wash the plate three times with 100 pl wash buffer per well.

Vortex the diluted (1x) detection antibodies at medium speed for
5 sec. Pour into a reagent reservoir and transfer 25 pl to each well
of the assay plate using a multichannel pipet.

Cover plate with a new sheet of sealing tape and protect from light with
aluminum foil. Incubate on shaker at 850 + 50 rpm for 30 min at RT.

Prepare and Add Streptavidin-PE (SA-PE)

1.

While detection antibodies are incubating, use Table 11 or the
Calculation Worksheet on page 36 to calculate the volume of SA-PE
and assay buffer needed to prepare a 1x stock. SA-PE should be
prepared 10 min before use.
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2. Add the required volume of assay buffer to a 15 ml polypropylene tube.

3. Vortex the 100x stock of SA-PE for 5 sec at medium speed. Perform
a 30 sec spin to collect the entire volume at the bottom of the tube.

4. Dilute SA-PE to 1x by pipetting the required volume into the 15 ml
tube. Vortex and protect from light until ready to use.

Each well of the assay requires 0.5 pl of the 100x stock adjusted to a
final volume of 50 pl in assay buffer.

Table 11. Preparing 1x SA-PE from 100x stock (includes 25% excess volume).

# of Wells 100x SA-PE, pl Assay Buffer, pl Total Volume, pi
96 60 5,940 6,000
48 30 2,970 3,000

5. After detection antibody incubation, slowly remove and discard
the sealing tape.

6. Wash the plate three times with 100 pl of wash buffer per well.

7. Vortex the diluted (1x) SA-PE at medium speed for 5 sec. Pour
into a reagent reservoir and transfer 50 pl to each well using a
multichannel pipet.

8. Cover plate with a new sheet of sealing tape and protect from light with
aluminum foil. Incubate on shaker at 850 = 50 rpm for 10 min at RT.

9. After the streptavidin-PE incubation step, slowly remove and discard
the sealing tape.

10. Wash the plate three times with 100 pl of wash buffer per well.

11. To resuspend beads for plate reading, add 125 pl assay buffer to
each well. Cover the plate with a new sheet of sealing tape. Shake
at room temperature at 850 = 50 rpm for 30 sec, and slowly remove
the sealing tape. Ensure that the plate cover has been removed
before placing the plate on the reader.
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Table 12. Read the plate using the appropriate instrument settings.

Instrument RP1 (PMT) DD Gates Bead Events
Bio-Plex 100, 200*  Low 5,000 (low), 25,000 (high) 50
Bio-Plex 3D* Standard Select MagPlex beads 50

Bio-Plex® MAGPIX™  N/A, use default instrument settings
*Qr similar Luminex-based system.

9. Read Plate

Bio-Plex Manager™ software is recommended for all Bio-Plex Pro™ assay
data acquisition and analysis. Instructions for Luminex xPONENT software
are also included. For instructions using other xMAP system software
packages, contact Bio-Rad Technical Support or your regional Bio-Rad
field applications specialist.

Prepare Protocol in Bio-Plex Manager Software
Version 6.0 and Higher

The protocol should be prepared in advance so that the plate is read as
soon as the experiment is complete.

A protocol file specifies the analytes in the assay, the plate wells to be
read, sample information, the values of standards and controls, and
instrument settings.

Bio-Plex Manager software versions 6.0 and higher contain protocols for
most Bio-Plex® assays. Choose from available protocols or create a new
protocol. To create a new protocol, select File, then New from the main
menu. Locate and follow the steps under Protocol Settings.

1. Click Describe Protocol and enter information about the assay
(optional).

2. Click Select Analytes and create a new panel. Visually confirm the
selected analytes and proceed to step 3.
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a. Click Add Panel "@ in the Select Analytes toolbar. Enter a new
panel name. Select Bio-Plex Pro Assay Magnetic from the
assay dropdown list. If using Bio-Plex Manager version 5.0 or lower,
select MagPlex from the assay dropdown list.

b. Click Add. Enter the bead region number and name for the first
analyte. Click Add Continue to repeat for each analyte in the
assay. Refer to the bead regions in parentheses () listed on the
peel-off label provided with the standards.

For reference, bead regions are shown in Table 13.

c. Click Add when the last analyte has been added and click OK to
save the new panel.

d. Highlight analytes from the Available list (left) and move to the
Selected list (right) using the Add button. To move all analytes at
once, simply click Add All.

e. If some of the analytes need to be removed from the Selected
list, highlight them and select Remove. If desired, it is possible to
rename the panel by clicking Rename Panel and entering a new
panel name.

Table 13. Bead regions for the human chemokine panel.

Analyte Bead Region Analyte  Bead Region Analyte Bead Region

BCkine/CCL21 12 IL-1B 39 MDC/CCL22 29
BCA-1/CXCL13 74 IL-2 38 MIF 35
CTACK/CCL27 72 IL-4 52 MIG/CXCLO 14
ENA-78/CXCLS 73 IL-6 19 MIP-1a/CCL3 55
Eotaxin/CCL11 43 IL-8/CXCL8 54 MIP-16/CCL15 66
Eotaxin-2/CCL24 30 IL-10 56 MIP-3a/CCL20 62
Eotaxin-3/CCL26 65 IL-16 27 MIP-3p/CCL19 76
Fractalkine/CX3CL1 77 IP-10/CXCL10 48 MPIF-1/CCL23 37
GCP-2/CXCL6 15 I-TAC/CXCL11 25 SCYB16/CXCL16 64
GM-CSF 34 MCP-1/CCL2 53 SDF-1a+p/CXCLI2 22
Gro-a/CXCL1 61 MCP-2/CCL8 57 TARC/CCLI7 67
Gro-p/CXCL2 78 MCP-3/CCL7 26 TECK/CCL25 46
1-809/CCLA 20 MCP-4/CCL13 28 TNF-ot 36
IFN-y 21
23
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Note: Do not use preset panels found in Bio-Plex Manager software
version 5.0 or earlier, as the bead regions are not up to date.

3. Click Format Plate and format the plate according to the plate layout
created in section 1 (Plan Plate Layout). To modify the plate layout,
follow the steps below (see Figure 4).

a. Select the Plate Formatting tab.
b. Select the standards icon @ and drag the cursor over all the
wells that contain standards. Repeat this process for

Blanks , Controls @ and Samples E| Note that
Bio-Plex Manager automatically subtracts the blank MF
value from all other assay wells.

4. Click Enter Standards Info in the Protocol Settings bar.

a. Enter the highest concentration of each analyte in the top row
(labeled S1) of the table. S1 concentration information is included
with each vial of standards.

BEH 2 -y ®0OR®

Protocol Settings

Plate Formatting | Plate Grouping:

9 10 11 12

« QOO S I
R0l 0o noonoe
3 c@@11ssE££nza.
e D®2 2 ||10 10@&&2& zs

: E@@ 3|1 1127282829.
4, Enter Standands kfo F @@] 4| 4fa2]n |.|ao I EE HE'

. |[M¥clonnoooooonn
NoloononooEEngD

Fig. 4. Plate formatting.
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Enter a dilution factor of 4 and click Calculate. The concentrations
for each standard point will be populated for all analytes in the table.

Optional: enter the lot number of the vial of standards into the
Standard Lot box and click Save.

Click Enter Controls Info.

a.

For user-specified controls, select an analyte from the dropdown
menu, then enter a description and concentration. Repeat for
each additional analyte in the assay.

For the quality controls supplied with the 40-plex fixed panel
only, format the appropriate wells as controls, enter descriptions,
but leave the concentrations blank. Alternatively, the quality
controls can be formatted as samples with clear descriptions
such as “quality control high” and “quality control low.” In any
case, the expected control ranges provided are not entered
into Bio-Plex Manager software version 6.1 and earlier.

Click Enter Sample Info and enter sample information and the
appropriate dilution factor.

Click Run Protocol and confirm that the assay settings are correct.

a.

Refer to Table 12 for the recommended RP1 (PMT) setting.
Protocols using alternative PMT settings should be validated by
the end user.

Confirm that data acquisition is set to 50 beads per region.

In Advanced Settings, confirm that the bead map is set to

100 region, the sample size is set to 50 pl, and the doublet
discriminator (DD) gates are set to 5,000 (Low) and 25,000 (High).
In Bio-Plex Manager software versions 4.0, 4.1, 4.1.1, and 5.0,
check Override Gates and set the DD gate values as indicated.

Select Start, name and save the .rbx file, and begin data
acquisition. The Run Protocol pop-up screen will appear. Click
Eject/Retract to eject the plate carrier.
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Acquire Data

1.

Shake the assay plate at 850 + 50 rpm for 30 sec, and visually
inspect the plate to ensure that the assay wells are filled with buffer.
Slowly remove the sealing tape and any plate cover before placing
the plate on the plate carrier.

Click Run Protocol and on the pop-up screen, select Load Plate
and click OK to start acquiring data.

Use the Wash Between Plates & command after every plate run
to reduce the possibility of clogging the instrument.

If acquiring data from more than one plate, empty the waste bottle and
refill the sheath bottle after each plate (if HTF are not present). Select
Wash Between Plates and follow the instructions. Then repeat the
Prepare Protocol and Acquire Data instructions.

When data acquisition is complete, select Shut Down and
follow the instructions.

Reacquire Data
It is possible to acquire data from a well or plate a second time using the
Rerun/Recovery mode located below Start in the Run Protocol step.

Any previous data will be overwritten.

1.
2.

Check the wells from which data will be reacquired.

Aspirate the buffer with the wash method of choice, but do not
perform the wash step.

Add 100 pl of assay buffer to each well. Cover the plate with a new
sheet of sealing tape. Shake the plate at 850 = 50 rpm for 30 sec.
Slowly remove the sealing tape before placing the plate on the
plate reader.

Repeat the Acquire Data steps to reacquire data. The data acquired
should be similar to those acquired initially; however, the acquisition
time will be extended because the wells have fewer beads.
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Data Analysis

Quality Controls

If the quality controls were run in the assay plate, open the results (.rbx) file,
click on Report Table, and locate the control wells. Visually compare the
observed concentrations of the high and low controls in the Report Table
against the lot-specific control ranges shown in the product data sheet.

Note: Expected control ranges are provided for reference and should be
used as general guidelines. Actual results may vary for some operators.
If the controls do not fall within the expected ranges, please refer to the
troubleshooting section for possible causes and solutions.

Removing Outliers

Outliers are identified as standard data points that do not meet accuracy
or precision requirements and should be considered invalid when
performing curve fitting. As such, they should be removed to generate a
more realistic and accurate standard curve. This may result in an extended
assay working range and allow quantitation of samples that might
otherwise be considered out of range.

In Bio-Plex Manager software version 6.0 and higher, outliers can be
automatically removed by selecting the Optimize button in the Standard
Curve window. In Bio-Plex Manager software 5.0 and earlier versions,
outliers also can be manually selected in the Report Table. Visit online Help
to learn more about the standard curve optimizer feature and how outliers
are determined.

Previous Versions of Bio-Plex Manager Software

For instructions on using previous versions of Bio-Plex Manager software,
please contact Bio-Rad Technical Support.
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Luminex xPONENT Software

Although guidelines are provided here, consult the xPONENT software
manual for more details. Perform a system initialization with Luminex’s
calibration and performance verification kit, as directed by Luminex. Select
Batches to set up the protocol and follow the information under Settings.

Note: The instrument settings described below apply to Luminex
100/200 and FLEXMAP 3D or Bio-Plex® 3D instruments. For the
Bio-Plex® MAGPIX™ reader, use the default instrument settings.

1. Select MagPlex as the bead type for magnetic beads, which
automatically sets the DD gates.

2. Volume = 50 pl.

3. Refer to Table 12 to select the appropriate PMT setting for
your instrument.

4. Plate name: 96-well plate.

5. Analysis type: Quantitative, 5PL Curve Fit.

6. Number of standards: 8.

Select Analytes to set up the panel.

1. Enter pg/ml in the Units field.

2. Enter 50 in the Count field.

3. Select the bead region and enter the analyte name.
4. Click Apply all for Units and Count.

Select Stds and Ctrls.

1. Enter standard concentrations, lot number, dilution factor, and other
information as applicable.

After the assay is complete, select Results, then select Saved Batches.
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Troubleshooting Guide

This troubleshooting guide addresses problems that may be encountered
with Bio-Plex Pro™ assays. If you experience any of the problems listed
below, review the possible causes and solutions provided. Poor assay
performance may also be due to the Bio-Plex® suspension array reader.
To eliminate this possibility, use the validation kit to assist in determining if
the array reader is functioning properly.

Possible Causes

High Inter-Assay CV

Standards and controls were not
reconstituted consistently between
assays

Reconstituted standards, controls,
and diluted samples were not
stored properly

Bottom of filter plate not dry

Possible Solutions

Incubate the reconstituted
standards for 30 min on ice. Always
be consistent with the incubation
time and temperature.

Reconstituted standards and diluted
samples should be prepared on ice
as instructed. Prior to plating, the
reconstituted standards and diluted
samples should be equilibrated to
room temperature.

Dry the bottom of the filter plate with
absorbent paper towel (preferably
lint-free) to prevent cross-well
contamination.
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Possible Causes
High Intra-Assay CV
Improper pipetting technique

Reagents and assay components
not equilibrated to room
temperature prior to pipetting

Contamination with wash buffer
during wash steps

Slow pipetting of samples and
reagents across the plate

Bio-Plex wash station:
insufficient washing due to
clogged pins

Possible Solutions

Pipet carefully when adding
standards, controls, samples,
detection antibodies, and
streptavidin-PE, especially when
using a multichannel pipet. Use a
calibrated pipet. Change pipet tip
after every volume transfer.

All reagents and assay components
should be equilibrated to room
temperature prior to pipetting.

During the wash steps, be careful
not to splash wash buffer from one
well to another. Be sure that the
wells are filtered completely and that
no residual volume remains. Ensure
that the microplate shaker setting is
not too high. Reduce the microplate
shaker speed to minimize splashing

Sample pipetting across the entire
plate should take less than 4 min.
Reagent pipetting across the entire
plate should take less than 1 min.

Clean dispensing pins with the thicker
of the two cleaning needles provided
with washer. Perform regular rinses to
minimize salt buildup.
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Possible Causes
Low Bead Count
Miscalculation of bead dilution

Beads clumped in multiplex
bead stock tube

Vacuum on for too long when
aspirating buffer from wells

Assay plate not shaken enough
during incubation steps and prior
to reading

Reader is clogged

Incorrect needle height of the
reader

Low Signal or Poor Sensitivity
Standards reconstituted incorrectly

Detection antibody or
streptavidin-PE diluted incorrectly

Possible Solutions

Check your calculations and be
careful to add the correct volumes.

Vortex for 30 sec at medium speed
before aliquoting beads.

Do not apply vacuum to the filter
plate for longer than 10 sec after the
buffer is completely drained from
each well.

Shake the plate at 850 + 50 rpm
during incubation steps and for
30 sec immediately before reading
the plate.

Refer to the troubleshooting guide
in the Bio-Plex System Hardware
Instruction Manual (bulletin
#10005042).

Adjust the needle height to coincide

with the plate type provided in the kit.

Follow the standard preparation
instructions carefully.

Check your calculations and be
careful to add the correct volumes.
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Possible Causes

High Background Signal
Incorrect buffer was used
for (example, assay buffer
used to dilute standards)

Accidentally spiked blank
wells

Detection antibodies or
streptavidin-PE incubated
too long

Poor Recovery
Expired Bio-Plex reagents
were used

Incorrect amounts of
components were added

Microplate shaker set to an
incorrect speed

High end saturation of the
standard curve

Quality controls do not fall
within expected ranges

Possible Solutions

Use standard diluent or diluent similar to
final sample matrix to dilute standards.

Do not add any antigens to the
blank wells.

Follow the procedure incubation
time precisely.

Check that reagents have not expired. Use
new or nonexpired components.

Check your calculations and be careful to
add the correct volumes.

Check the microplate shaker speed and
use the recommended setting. Setting the
speed too high may cause splashing and
contamination. Use the recommended
plate shaker. Setting the speed too low may
cause low assay signal and false plateau or
high end saturation of standard curves.

Make sure that correct shaker speed and
incubation times are used. Remove S1 for
data analysis if needed.

Make sure that the controls are
reconstituted at the same time as standards
and in the same diuent (standard diluent
HB). Incubate for precisely 30 min.
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Possible Causes
Poor Recovery
Improper pipetting
technique

Impact of Sample Matrix
Negative MF| values in
samples or standards

Poor precision in
serum and
plasma sample
measurements

Possible Solutions

Pipet carefully when adding standards, samples,
detection antibodies, and streptavidin-PE, especially
when using a multichannel pipet. Use a calibrated
pipet. Change pipet tip after every volume transfer.

If samples contain little or no analyte, negative
values observed may be due to statistical variation.
If assay drift is suspected, retest the samples

by positioning them next to the standards. If
contamination of standards is suspected, check
the standard replicate value and be careful when
adding samples to the wells. Matrix effects could
also produce negative sample values.

Bio-Plex Manager™ software automatically
subtracts the Blank (B) MFI value from all

other assay wells. While this has no impact on
observed concentrations of samples within the
assay working range, it may result in a negative
MFI value if the Blank’s MFI value is greater than
either the standard or the sample value. If this
is undesirable, then reformat the blank wells

as Sample (X) or Control (C) in the protocol or
results file.

Check if any interfering components, additives,
or gel from separators were introduced into the
samples. Avoid using hemolyzed and heavily
lipemic samples. Remove visible particulate in
samples by centrifugation. Avoid multiple freeze-
thaw cycles of samples.
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Appendix: Non-Human Primate (NHP)

Cross-Reactivity

The human chemokine assays were found to be cross-reactive with
two common NHP species, cynomolgus (Cyno) macaque and rhesus
macaque. Other NHP species were not tested. The degree of cross-
reactivity was determined based on the ability of each assay to detect
native analyte in serum, plasma and/or culture media from mitogen
stimulated peripheral blood mononuclear cells (PBMC).

Assay signal (MFI) for the most highly cross-reactive samples were compared
against the human standard curve and scored as shown in the Table 14.

Table 14, NHP cross-reactivity of the human chemokine assays.

Analyte

Cyno

Rhesus

BCkine/CCL21
BCA-1/CXCL13
CTACK/CCL27
ENA-78/CXCL5
Eotaxin/CCL11
Eotaxin-2/CCL24
Eotaxin-3/CCL-26
Fractalkine/CXx3CLA1
GCP-2/CXCL6
GM-CSF
Gro-a/CXCLA1
Gro-f/CXCL2
1-309/CCLA1

IFN-y

IL-10

IL-16

IL-1B

IL-2

IL-4

IL-6

+++

+ +

+++

4+

++
+++

+++

+ +

+++

Analyte

Cyno

Rhesus

IL-8
IP-10/CXCL10
I-TAC/CXCL11
MCP-1/CCL2
MCP-2/CCL8
MCP-3/CCL7
MCP-4/CCL13
MDC/CCL22

MIF

MIG/CXCLO
MIP-10/CCL3
MIP-18/CCL15
MIP-380/CCL20
MIP-3p/CCL19
MPIF-1/CCL23
SCYB16/CXCL16
SDF-1a+p/CXCL12
TARC/CCLA7
TECK/CCL25
TNF-a

+++
+++
+++
+++
++

+++

+++

+++

+

+

+++
+++
+++
ot
++

- No NHP cross-reactivity observed. Assay signal below S6 on the standard curve.

+  Some NHP cross-reactivity observed. Assay signal above S6.
++ Moderate NHP cross-reactivity observed. Assay signal above S5.
+++ Strong NHP cross-reactivity observed. Assay signal above S3.
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Calculation Worksheet

If using either a premixed panel or one singleplex assay, follow
these directions.

Plan the plate layout and enter the number of wells to be used in the assay:

1. Determine the volume of 1x coupled beads needed.

a. Each well requires 50 pl of coupled beads (1x): ___ x50pl=_____
b. Include 20% excess to ensure enough volume: 17 pl x 0.20 = ET pl
c. Total volume of 1x coupled beads: 5 Hl+ - pl = - 0]

d. Volume of 20x coupled beads required: ; K20 = — il

e. Volume of assay buffer required: - pl — - ul = - ul

2. Determine the volume of 1x detection antibody needed.

a. Each well requires 25 pl detection antibodies (1x): X 25l = pl
1 7
b. Include 25% excess to ensure enough volume: pl x 0.25 = pl
7 8
c. Total volume of 1x detection antibodies: pl + pl = pl
7 8 9
d. Volume of 20x detection antibodies required: HI/20 = I
9 10
e. Volume of detection antibody diluent required: = ul = pl
9 10 11
3. Determine the volume of 1x streptavidin-PE needed.
a. Each well requires 50 pl streptavidin-PE (1x): x50l = pl
1 12
b. Include 25% excess to ensure enough volume: HIx0.25 = V]
12 13
c. Total volume of 1x streptavidin-PE: pl + Hl = pl
12 13 14
d. Volume of 100x streptavidin-PE required: K100 = 1]
14 15
e. Volume of assay buffer required: l - Kl = Hl
14 15 16
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Enter the number of wells to be used in the assay:

If mixing singleplex assays, follow these directions.

1

1. Determine the volume of 1x coupled beads needed.

a. Each well requires 50 pl coupled beads (1x): x50l = p
1 2
b. Include 20% excess to ensure enough volume: plx 0.20 = pl
2 3
c. Total volume of 1x coupled beads: ul + ul = ul
2 3 4
d. Enter the number of singleplex sets (or analytes) that will be multiplexed:
5
e. Volume of 20x coupled beads required from each stock tube:
_ H20=_____
4 6
f. Total volume of combined bead stocks: X Hl = pl
5 6 7
g. Volume of assay buffer required: pl = Hl = 1]
4 7 8
. Determine the volume of 1x detection antibody needed.
a. Each well requires 25 I detection antibodies (1x): X 25yl = ul
1 9
b. Include 25% excess to ensure enough volume: plx 0.25 = pl
9 10
c. Total volume of 1x detection antibodies: Il + Hl = 1]
9 10 11
d. Enter the number of singleplex sets (or analytes) that will be multiplexed:
5
e. Volume of 20x detection antibodies required from each stock tube:
pl/720 = pl
11 12
f. Total volume of combined detection antibody stock: il X = 1]
12 5 13
g. Volume of detection antibody diluent required: pl = pl = pl
11 13 14
. Determine the volume of 1x streptavidin-PE needed.
a. Each well requires 50 pl streptavidin-PE (1x): x50 pl = pl
1 15
b. Include 25% excess to ensure enough volume: pl x 0.25 = il
15 16
c. Total volume of 1x streptavidin-PE: Il + l = pl
15 16 17
d. Volume of 100x streptavidin-PE required: pIZ100 = 1]
17 18
e. Volume of assay buffer required: pl = Hl = U]
17 18 19
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Safety Considerations

Eye protection and gloves are recommended when using these products.

Consult the MSDS for additional information. The Bio-Plex Pro™ assays
contain components of animal origin. This material should be handled as
if capable of tfransmitting infectious agents. Use universal precautions.
These components should be handled at Biosafety Level 2 containment
as defined by U.S. government publication, Biosafety in Microbiological
and Biomediical Laboratories (Centers for Disease Control 1999).

Legal Notices

Acrodisc and Supor are trademarks of Pall Corporation. MagPlex,
XMAP, xPONENT, FLEXMAP 3D, and Luminex are trademarks of
Luminex Corporation.

The Bio-Plex® suspension array system includes fluorescently labeled
microspheres and instrumentation licensed to Bio-Rad Laboratories, Inc.
by the Luminex Corporation.

References
Page 1, Introduction:

Locati M et al. (2005). Chemokines and their receptors: Roles in specific
clinical conditions and measurement in the clinical laboratory. Am J Clin
Pathol 123, S82-595.

Slettenaar VIF and Wilson JL (2006). The chemokine network: A target in
cancer biology? Adv Drug Deliv Rev 58, 962-974.
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Ordering Information

Detailed ordering information can be found at www.bio-rad.com/bio-plex.

Catalog # Premixed Multiplex Assay Panel

171-AK99MR2 Bio-Plex Pro Human Chemokine Panel 40-Plex, 1 x 96-well
Singleplex Set

Various Bio-Plex Pro Human Chemokine Singleplex Sets, 1 x 96-well

(requires reagent kit Ill and chemokine standards to run an assay)

Individual Components and Accessories

171-304090 Bio-Plex Pro Reagent Kit lll with Filter Plate, 1 x 96-well
171-304000M Bio-Plex Pro Reagent Kit Il with Flat Bottom Plate, 1 x 96-well
171-DK000A1 Bio-Plex Pro Human Chemokine Standard, pkg of 1 vial
171-DK0050 Bio-Plex Pro Human Chemokine Standard, pkg of 50 vials
171-304502 Filter Plate, 1 x 96-well with clear plastic lid and tray

Bio-Plex® x-Plex™ Assays (We Mix)

Premium custom assay service using the Bio-Plex Assay Builder
(www.bio-rad.com/bio-plex/assaybuilder) to select analytes and
plate type of interest. Assays are supplied as premixed coupled beads
and detection antibodies in the all-in-one kit format. Quality controls
are not included in chemokine x-Plex kits.

Bio-Plex Express Assays (You Mix)

Fast and economical custom assay service using the Bio-Plex Assay
Builder (www.bio-rad.com/bio-plex/assaybuilder) to select analytes
and plate type of interest. Assays are supplied as individual sets of
coupled beads and detection antibodies in the all-in-one kit format.
Quality controls are not included in chemokine Express Kits.

Other Components and Accessories

Bio-Plex software, wash buffer, Bio-Plex Pro flat bottom plates, and
streptavidin-PE are also available individually. For more information, go to
www.bio-rad.com/bio-plex.
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ANNEX IV

Annex IV. PRET CXC chemokines serum levels in patients
with known immune system alterations vs. patients with

non-reported alterations

: Mann Whitney test: Non-parametric, as CXC chemokines do not follow a Normal '

distribution. Unpaired, patients with a known alteration in the immune system
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Annex V. CXC chemokines distribution at EVAR andl

PROG time-points

EVAR - CXC CHEMOKINES DISTRIBUTION
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Histograms of all eleven CXC chemokines levels at EVAR time-point. Left. Histograms of the distribution.

Right. Histogram of the Log2-transformed distribution.
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Histograms of all eleven CXC chemokines levels at PROG time-point. Left. Histograms of the distribution.
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Annex VI. PRET, EVAR and PROG CXC chemokines serum

levels association with response to treatment and
patients’ clinicopathological and molecular
characteristics

CXC chemokines by time-point and response to treatment

Angiogenic:
Totzl CRPR SVPFD P N
N=lid = N=id
FRET
CXCL1, Median [IQR] 2833 [196.7:3972] 2704 [1514:367.0] 3115[21754268] 0.000 104
CNCL2, Medizn [IQR] 6869 [4752:950 6] 6555 [463.1.8655] 8187 [556.4;1213.6] 0.026 104
CMCLS, Median [IQR] 7457 [S47.4:1041.6] 7297 [S46.0:977.2] 842.3[614.0:1189.2] D.184 104
CHCLS, Medizn [IQR] 57.0 [42.7:821) 541 [40.5,75.5) £33[473:839] 0186 1M
CXCOLS, Madiza [IQR]  49[305:1357]  320[2941593] 6L4[371:1310] 0580 104
CXCL12, Madian [IQR] 5005 [437.4:5631] 4881 [4374:5514) 528 [438T:6114] 0159 104
EVAR
CHOLL Madian [IQR] 1628124621777 1558 [17T.L:2156] 1749[1453:2198] 0212 63
CXCLL Meduae [IOR] 2910 [204.1;456.5] 2603 [188.3,4405] 36935 [234.5.5108] G114 63
CHOLS, Madian [IQR] 3733 [254.5,5293] 396.8[237.5:508.0] 4893 [355.6:395.6) 0.0 &3
CNCLS, Mediae [IQR]  320[225:46.1] 2828457 WI[48458 0988 &2
CNCLE, Meadian [IQR] 322 [15.4:792] 236 [124:40.7] IEE[I229TT] 0014 63
CNCLLY, Median [IQRT 365.0[325.1.404.4] 354 9[316.0:3903] 3761 [3385.4104] 0188 &2
FROG/LFUP
CHCLY, Median [TOR] 248 5[1855326.7] 2883 [153.2:5026] 263.8[2015:3574] 0508 43
CHCL2, Median [IQR] 4238 [234.7:624.4] 3892 [219.1:3999] 4304 [360.8:6506] 0585 &3
CHCLS, Madian [TQR]  S51.7[2459:650.5] S51.7[445.9:6504] 5546 4924:6928) 0490 43
CHCLS, Medan [TQR] 394 [30.8;53.5] 396 [31.2,55.0) JRO[28.1;510] D666 43
CHCLS, Medinn [JQR] 46B[249:1137] 437[46595]  615[1042585 0509 4]
CXCLLL, Median [IQR] 4028 [363.1.459.6] 3980 [361L.7454.7T] 31T.6[383.8.4621] 03I7 &3

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points
associated to patients response to treatment. P values correspond to the Kruskal-Wallis test.
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PRET, EVAR and PROG CXC chemokines serum levels association with resonse fo treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics

Angiostatic:
Total CRPR SD/PD p N
N=lo4 N=g5 =36
PRET
CXCLY, Median [IQR]  125(85211] 12588;18.1) 158192:296] 0083 104
CXCL10, Median [IQR] 1788 (123327121 1775 [122.02149] 185.8 [124.5:3721] 0234 104
CXCLI, Madian [IQR] 296[204475]  283[203454] 30S[212:590] 0231 1
CXCLI3, Median IQR] 274[190:41.1] 26001823911  280[222459] 0183 104
CXCL16, Madian [TQR] 516.0 [427.0;583.8] 4984 [4270;5812] 528.7[4272:5986] 0507 104
EVAR
CXCLY, Madian [IQR] 10.0 [6.9;16.0] 81[66:145] 11L.0[82:196] 0058 63
CXCL10, Madian [FQR] 139.6 [106.5,1904] 1390 [103.7,1788] 1713 [1159,2302] 0.178 &3
CNCLIL, Madizn [IQR] 200[14.8300] 168[142235] 250[195353] o000 @
CXCL13, Median [IQR]  271[189369]  284[189:402]  242[184:348] 03573 &
CXCL1E, Median [IQR] 4756 [431.9:361.1] 4734 [423.1:339.1] 5487 (431 1.6198] 0073 &3
PROGLFUP
CXCLS, Median [IQR]  110(9.1,16.7] 109[89,143) 13899225 027 43
CXCL10, Median (IQR] 1678 [135.4:1966] 1625 [136.3;1956] 1863 [150.3,2675] 0388 43
CXCL1L, Msdin [IQR] 306[21.7:41.1] 280[20537.7] 389[294:671] 004 43
CXCL13, Median (IQR] 266 [20.0;341]  258[202:321]  284[200;538] 0438 43
CHCL16, Median [TQR] 6483 [526.7,7453] 6305 [550.7,7362] 3641 [476.0,8137] 0796 43

Angiostatic CXC chemokines median levels {pg/mL) and [IQR] cbtained at specific time points

associated to patients response to treatment. P values correspond to the Kruskal-Wallis test,
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CXC chemokines by time-point and sex

Angiogenic:
Total Afale Female p N
N=104 N=74 N=3p
PRET
CNCLI, Median [IQR] 2833 [196.73972] 279.0[196.1;4141] 2864 [201.7:368.5] 0514 104
CNCL2, Median [IQR] 6865 [475.2:950.6] 67TB[4755:425] TI39[MET69551] 0802 104
CXCLS, Madian {IQR}] 7457 [347.4;10416] 7332 [547.0;1001.5] B52.4 [581.7:12304] 0136 104
CXCLS, Madian [IQR]  $7.0 [42.7:821] 57.6 [42.8:52.3) 64141.5809] 0929 104
CXCLS, Medan[IQR] SS[3051357] S30[B261513]  459[257;103.4) 0315 104
CHCLIL, Madian [TQR] 5008 [4374;563.1] 4973 [436.2,556.1] 5174 [452.2:5670] 0486 104
CXCL), Madian [IQR] 2910204 1,4365] 337.0[22933247] 2075[15447985] 0011 63
CXCLS, Madian JOR] 3733 [234.5:3293] 3363 [2532,3053] 4575[379.3:6140] 0.042 63
CXCLS, Madin [IOR] 310[22.946.1] 334 125-1:45.71 BR[0IAET] 0438 &
CXCLS, Median [IQR] 322 [15.4;79.2] 311 {13.9:83 9 36183401 0411 6
CXCLI2 Madian [IQR] 3680 [325.1:404 4] 3745337040321 47331324145 0419 &
PROGLFUP
CMCLY, Madian [IQR] 2488 (185532671 2509[183.23377] M88[20012668] 0978 43
CXCLL Madian [IQR]  423.5[234.7:6244] 4578 (128370701 353.6[308445471 0452 43
CHCLS, Madian [IQR] 5517 [H45.9.690.8] 4514 [4447:5521] 6504 [5654.9743] 0014 43
CXCLS, Madian [IQR] 394 [30.8:53.5] 441 151.1;39.00 BA[90:355] 0250 43
CXCLS, Median [IQR]  46B[245:113.71  S16[2641046] 315[2461334] 0738 41
CHCOL12, Medinn [IQR] 4025[363.2:450.6] 4169 ([3746:4653] 3720[361.741271 0242 43

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points

assoclated to patients sex. P values correspond to the Kruskal-Wallis test.

PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics



ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

Angiostatic:
Total Male Female p XN
N=1o4 N=7¢ N=30
PRET
CXCLY, Median [IQR]  129[89211] 120[86192]  157[10.8269] 0217 104
CXCL10, Medizn [IQR] 1788 [123.32712]) 1756 [123.4:217.0] 1979 [1224.275.7] 0.571 104
CHCLIL, Medim [IQR] 296[20447.5] 321[R15513]  240[16.139.0) 0045 104
CNCL13, Medin [IQR] 274 [190:411]  257{18530351  313[225444] 0242 104
CHCL16, Median [IQR] 516.0 [427.0,588.8] 4837 [406.3,5652] 5810 [430.0,648.2] 0001 104
EVAR
CXCLS, Median [IOR] 10.0 [6.9;16.0) 107 [7.8:16.2) §1[67.154] 0670 &3
CHCL10, Median [IQR] 1396 [106.5;191.4] 1443 [114.0,1759] 1344 [97.8,2176] 0358 &3
CXCLIL, Median [IQR]  200[144:30.0]  200{148299] 15001423935 0819 65
CYCLI3, Mediom [EQR]  27.1[18.9,369]  284[18%37.1] 239[189355] 0538 63
CHCL16, Median [IQR] 478.6 [4319:361.1] 474.01388.5;5363] 3651 [435.5:617.8] 0.008 &3
PROGLFUP
CHCLS, Medimm [IQR]  110[9.1;167] 11.9[9:5:16.0) IL3[7.6167] 0636 43
CHCLIO, Medizn [IQR] 1678 [139.4;196.6] 166.5[135.5:196.1] 184.5 [148.5,2436] 0656 43
CHCLIL, Median [IQR] 306 [21.7:411]  316[138305] 232[120416] 0266 43
CHCLIZ, Median [IQR] 266[200,341]  272[204:338] 213[161;382] 0266 43
CXCL16, Medizn {IQR] 6483 [526.7,7453] 6705 [313.6,781.8] 5721 [538.5;661.1] 0266 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points

associated to patients sex. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and primary tumor site

characteristics

226 Annexes

Angiogenic:
Total Colon Rectum p N
N=lgd N=gd N=ii
PRET
CNCLL, Medion [TOR] 285335 [196.7:397.2] 2864 [201.7:3920] 2585 [194.0,404 8] 0.552 104
CHCLY, Median [IQR] 6565 [475.2:950.6] T34 [S17.01126.3] 6192 [415.9;767.57 0.45 104
CXCLS, Madian [IQR] 7457 [547.4,1041,6] 759.6 [548.5,1066.7)  $40.7 [550.3;1028.07 0333 104
CHCLS, Madion [IQR]  37.0 [42.7;82.1] £0.6 [44 8,91 3] S4.0 [426:604] 0182 104
CHCLS, Median [TQR] M9[051357]  475[991619]  S46[34.0:1293] 0545 104
CRCLIZ Median [TQR]  S00.8 (457 456317  S05.8 [445.0:5599] 4724 [4075:5651] 0217 104
EVAR
CHCL], Medox [IQR]  162.8{1246217.7] 1645[1302:2319] 15%6.7(853;187.8] 0338 &
CHCLL Median [JQR] 2910 [204.1436.5] 2893 [205.6:443.9] 3104 [2029.4615] 1.000 63
CMOLS, Madinn [IQR] 3733028455203 397.1[3154;8297] 314.3[M7.55115 0382 &
CNCL6, Medinn [IQR]  320[228:46.1) 30.5 {24.1:45.7] 3106458 0711 &
CHCLE, Median [IQR]  322[154.792] 343 [17.1,74.0] 1920114742 0135 &
CNCL12, Madian [IQR] 3650 [3251404.4] 3742[3528:4161] 359.0[3054.3952] 03356 62
PROG/LFUP
CNCLI, Medion [TQR] 2488[1855326.7) 2505[210.3;3294] 1878 [180.5;2462] 0059 43
CXNCL2, Median [IQR] 4235 [234.7624.4] 4578 [31328910] 2403 [20554718] 0013 43
CHCLS, Medun [IQR] 5517 [445.9,690.8]  554.0 [465.1,730 8] 4459 [4414600.7] 0165 43
CNCLS, Medin [IQR] 394 [30.5,53.5) 393 [31.1.579] 173[308452] 0475 43
CXCLS, Madian [IQR]  468{2451137] 5983179541  150[190:1450] 0136 41
CHCL12, Median [TQR] 4028 [363.5455.6]  404.6 [365.5,4453] 4025 [361.7,4675] 0855 43

Angiogenic CXC chemokines median levels (pg/fmL) and [IQR] obtained at specific time points
associated to patients primary tumor site. P values correspond to the Kruskal-Wallis test.
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PRET, EVAR and PROG CXC chemokines serum levels association with resonse fo treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics

Angiostatic:
Total Colon Rectum P N
N=l(4 N=6d N=3§
PRET
CXCLS, Median [TQR] 125089211 13.0 (9.6:23.4] 1031331817 0432 14
CXCL10, Median [IQR] 1788 [123.3:22712] 1791 [123.5:275.7) 1788 [123.4,217.6] 0548 104
CXCLIL, Madin [IQR] 256 [204:47.5] 253[186430] 3514[2153518] 0458 104
CXCL13, Madian [IQR] 274 [190:411)  280[18%424] 255207365 0435 104
CHCL1S, Madian [IQR] 5160 (427.0,5888] 5083 [426.5,5804] 5279 [427.6:630.6] 0470 104
EVAR
CXCLY, Meadian [IOR] 100 [6.9:16.0] AT 3165 T2[545:84] 0012 &3
CXCL10, Madan [IQR] 1396 [106.8;1514] 408 [1140:1212] 1301 [78.5;158.6] 0073 63
CXCLIL, Median [IQR] 200 [14.4:30.0] 204 [14.8:310] 159{13.7:216 0050 &3
CXCL13, Median [IQR] 27.1[189:369] 284 [213.448] 218[156304] 0074 &3
CXCL16, Median [FQR] 478.6 [431.9,561.1] 3172 (439357821 4622 [3TL.7;52551 0114 63
FROGLFUP
CXCLY, Madian [TQR] 110 [%.1;16.7] 112 [E3168) I07196;143] 1000 43
CNCL10, Median [IQR] 167.8 [139.4,1966] 1601 [143.1;192.4] 187.7[133.2297.0] 0,267 43
CHCLI1, Medan [IQR] 306 [21.7,41.1] 28.1 [204:37.3] S40{250:422) 0341 43
CXCLI3 Median [IQR]  265120.0;341]  262[200:314]  267[205:444) 0653 43
CXCL16, Madion [TQR] 6483 [526.7;7453] 656.7[544.5;7703] 554.0 [474.0,708.5] 0.341 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points

associated to patients primary tumor site. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and oligo/multiple metastasis

characteristics

Angiogenic:
Total =5\l ==£ p N
N=103 N=32 N=T]
PRET
CXCLI, Madian [FQR] ZB16[I963:4012) 2342[18853789] 1950 [205.6.4399] 0037 103
CXCL2, Madian [JQR]  £83.6 [475.2:956.1] 537.1[4504.743.3] 749.7[504.4:1085.3] 0.040 103
CXCLS, Median [IQR]  737.0 [S47.2;10387] 6299 [5226;878.5] $528[593.9:1044.0] 0077 103
CHCLE, Median [IQR] 569 [42651.8] 455 [39.1,622 621[45.339.0] 0010 103
CXCLS, Madian [IQR]  $3.7[304;1365]  399[23.0;73.0] 696[3451793] 000 105
COCL12, Median [TOR]  500.1 437 3;564 8] 4881 [4088:538.5] 50254516561 7] 0095 103
EVAR
CHCLL, Madian [IQR]  1628[124.6,2177] 1495 [1274:164 5] 1784 [115.1:2218] als1 &3
CYCLY, Madian [IQR] 2510 [204.1:4565) 3104 (22023752 2893 [2026,5247] 0704 63
CHCLS, Madinm [TOR] 3733 [254.5,5293] 3285 [24144320] 4476[308.0;3674] 0075 43
CNCLS, Madinn [IQR]  520[226461)  39.1[20480]  305[241401] 0447 &3
CHCLS, Madian [TQR]  322[134:792]  201[126372]  36T[17.0:868] 0045 63
CXCLLY, Median [IQR] 3680 [323.1;4044) 3789 [334.0:40256] 3581 313.0:4051) 0544 &2
FROG/LFUP
CRCLL Madian [IQR] 2488 [185.5;3267] 267.0[199.63207] 244.5[187.8.3266] 0546 43
CNCLY, Medizn [TQR]  423.8[234.7.6244] 2941 [210.1;485.5] 451.5[305.7,7054] 0095 43
CHCLS, Mediwn [IQR] 5317 [4459:6908] S136[4463:6074] SS17[4435:7467] 0328 43
CHCLS, Medin [IOR) 394 [30.5.53.5] 424 289.57.8] I89[308:504] 1000 43
CNCLE Medion [IQR]  465[245;1137] 406[2809300 492[M61174) 0925 4]

CHCL1Z Median [IOR] 402 8363 :4556] 3933 [26174024] 4237 [3773:4645] 0036 &

Anglogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients with oligo/muitiple metastasis. P values correspond to the Kruskal-Wallis
test.
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

Angiostatic:
Total = § Mls >=§ p N
N=103 N=32 N=T1
PRET
CHCLY, Median IQR]  129[3.9211] 111 [B.0;15.4] 13092276 00D 10
CXCL10, Madian [IQR] 1793 [123.3:271.6] 480 [1029:203.7) 153.4[127.0:3136) 0071 103
CXCL1L, Medion [IQR]  296[204476]  263[183360]  310[224333] 0119 183
CXCLIZ, Median [IQR]  272019.0:413]  244(186:3077  276[193:44.8 0097 103
CXCL16, Median [IQR] 5162 [427.3,5895] 4812 [4256,573.1) 521.0[428.1;:6121] 0437 103
EVAR
CHCLY, Madian [IQR] 10.0 [6.9;16.0] 108 [6.7:15.2] B3 IT1] 076l 65
CHCLIG, Meduan [IQR] 135.6 [106.8;191.4] 1617 [137.8196.1] 1356 [103.7;1520] 0338 &3
CHXCL11, Madzan [TQR]  20.0 [14.4;30.0] 19.5[15.4,26.3) 200([142:31.00 0964 &3
CXCL13, Median [IQR] 271 [185:3659]  272[213:4071  271[18%:360] 0652 &3
CMCL16, Madisn [IQR] 478.6 [451.9,561.1] 475.1 [441.4:538.1] 496.4 [423.1,583.1] 03831 63
PROC/LFUP
CNCLY, Median [IQR] 11091167 9.7 {8.5162] 139.4,164] 0472 43
CXCLI0, Madian [IQR] 167.8 [139.4;196.6] 1628 [136.1:236.5] 1738 [142.4;1956] 0646 43
CNCLIL, Medim [IQR]  306[217411) 326(265470] 282[202400] 0328 43
CHCL13, Madian [IQR] 26,6 [20.0;34.1) 25,0 [20.3,28.0] 276[19.634.8) 0813 43
CXCL16 Madisn [IQR] 6483 {326.7;745.3] £54.1[5963,7703] 6453 [406.4.7315] 0373 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points
associated to patients with oligo/multiple metastasis. P values correspond to the Kruskal-Wallls
test.
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CXC chemokines by time-point and liver metastasis

Angiogenic:

Tetal
=14

Yz

N=f2

PRET

CXELL, Median [IQR]

CXCL2, Madian [IQR]

CHCLS, Median [IQR]

CHCLS, Median [IQR]

CXCLS, Median [IQR]

CNCL12, Median [IQR]
EVAR

283.3 [196.7397.2]
686.9 [475.2.950.6)
745.7 [347.4,1041 6]
§7.0 (427821
$4.9 [(30.5:135.7]
500.8 [437.4;563.1]

B3 [Q13.5835.9]
7062 [475.5:1105.5]
7763 [564.2;1039.0)
5T.0[43.0,85.0]
T0.8 [39.7,176.5)
5136 [46.7-552.3)

214.0 [192.4,265.1]
§52.7 [476.1,804.5]
£68.6 [473.9;1020.4)
56.6[418:692]
155 [16.5:34.3]
4705 [416.5;512.3]

.02
0.141
o
G433
<0.001
0044

]
M
104
104
104
104

CHCLI, Median [IQR]
CHCL2, Median [IQR]
CXCLS, Madian [IQR]
CHCLS, Median [IQR]
CHCLS, Median [IQR]
CXCL12, Median [IQR]

PROGLEUP

1628 [124 6:217.7)
291.0 [204.1;456.5]
373.3 [254.5,525.3)
320 [22.9:46.1]
322 [15.4:79.2]
368.0 [325.1:404.4]

161.0 [124.3:208.9)
21781 [196.9,462.8]
3729 [2541:$39.3)
305 (222453
33.6[16.5:85.5]
363.0 [323.0,405.1)

1896 (143.1:322.4]
3819 24 1415 8)
4316 [3154:472.4)
36.7 [28.3,48.1]
114 [139379)
392.0 [343.2401.1]

0,543
0455
0,733
L
035
L

CXCLI, Median [IQR]
CXCL2, Median [TQR]
CXCLS, Madian [IQR]
CXCLS, Median [IQR]
CXCLS, Median [IQR]
CXCL 12, Madian [IQR)

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points

248 5 [185.5;326.7]
4238 [234.7;624.4]
551.7 [445 9:690.5]
39.4 [30.6:53.5]
468 [149:113T)
402.8 [363.2;459.6)

2582 [187.8330.4]
4515 [253.6:648 9]
5207 [445.9:655.9)
426 [30.8:58.8)
46,5 [25.6:35.1]
410.2 [368.1:467 9]

2162 [185.7.246 4]
273.0 [113.5,368.3]
£53.9 [464.5:575.0]
375 [315393)
1102 [22.4:657.8]
366.8[356.7.379.2)

020
G151
0454
0362
0.606
0141

associated to patients to liver metastasis. P values correspond to the Kruskal-Wallis test.
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

associated to patients liver metastasis. P values correspond to the Kruskal-Wallis test.,

Angiostatic
Total Yes No p N
N=104 N=82 N=12
PRET
CNCLY, Medisn [IQR] 1292921 1] 125[8.0:20 8] 13604210) 0702 104
CXCLIO, Median [TQR] 1788 [1233:2713] 177.7[123.4:280.3] 184 5[110.1:211 5] 0.018 104
CXCLIL, Mediam {IQR] 296 [20.4,47.5) 21 {20.7:53.4] 257 [205305] 0105 104
CXCLIZ, Median [IQR]  274[19.0:41.1)  272[19.0:41.8]  275[195322] 0650 104
CXCLIS, Median [IQR] 5160 [427.0,588 8] 5160 [427.6,582.8] SI08[4127,633 8] 0.762 104
EVAR
CXCL9, Medsan [IQR] 10.0[6.9,15.0] 02[6.8:154] 139(78,180] 03596 63
CXCL10, Median [IQR] 1306 [106.8,191.4] 1410 [110.7,1812] 1306 [103.7;243 6] 0543 63
CXCL1L Median [IQR]  200[144300]  190[142274)  214[145308] 0377 63
CXCL13, Median [IQR] 27.1[189.36.9] 26.2 [18.9:37.0] IDT[18.9.354] 0776 63
CXCL16G, Median [[QR] 478.6 [431.9:561.1] 481.6[431.6;3561.6] 446.2 [440.8:548.1] 0814 63
PROG/LFUP
CXCLY, Medun [IQR] 11.0[9.1,16.7] 11.0[94,17.1) 10.1[8:1;151] 03528 43
CXCL10; Median [IQR] 167.8[139.4;196.6] 1651 [136.5,192.7] 196.2 [157.5;1089] 0441 43
CXCLL, Median [IQR] 306 [21.7:41.1] 31,1 [20.5.40.0 54234425 0674 43
CXCLI3, Median [IQR] 266[20.0:341]  276[205404]  207[165:254] 0000 43
CECOL1G, Median [IQR] 648.3 [326.7,7453] 665.2[519.3;7544] 3929 [5584.639.4] 0462 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points
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CXC chemokines by time-point and lung metastasis

Angiogenic
Total Yeu Ko p N
N=lo4 N=42 N=g2
PRET
CXCLI, Median [IQR] 2833 [19673972] 311.5[20804638] 2474[191.43515] 0039 104
CHCLY Median [IQR] 6369 [4753:9506] 7124 [S118:11393] 6437486585271 0.152 104
CXCLS, Medun [IQR] 7457 [547.4;1041 6] 8789 [629.4;1110.]] 660.8[525.2,1001.5] 0.050 104
CXCLE, Medim [IQR] 5700427821 SOE[46.0,823)  SEAMOLTII] 0440 14
CXCLS, Medim {IQR] 349051357  S31[N141724]  490[861134] 0241 104
CXCL1Z, Median [IQR] 5008 [437.4,563.1] S02.8[4467,6143] 4956[423.5,5459] 0194 104
EVAR
CYCLY, Mediza [IQR] 1628 [1246217.7] 161.0[1437.2238] 1651 [1061,1947] 0458 &3
CXCL2, Medizn [TQR] 2910 [204.1:456.5] 290.1 [206.6;523.9] 302.1 [202.6:440.5] 0762 &3
CXCLS, Madian [IQR] 3733 [2545:5293] 4087 [3470;5170] 359.6[253.2:529.7] 0439 63
CXCLS Madian [IQR]  320[229:481]  404[270546]  183[214380] 0020 63
CHCLS, Median [IQR]  322[154:7921  236[M46381]  352[163866] 0313 63
CXCLIZ Median [IQR] 3630 [325.1;4044] 3785 [315.14754] 358.1[329.1:3983] 0518 &2
PROCLFUP
CXCL1, Medum [IQR] 2488 [1855.3267] 2462[18782785] 2565[18573295] 0813 43
CHOLY, Median [IQR] 4238 [234.7624.4] 2[2403.5139] 340.9[{2352.6700] 0568 43
CXCLS, Medan [IQR]  551.7[4459.690.8] 5297[4617.7138] S679({44396818] 0794 43
CHCLE Median [IQR]  394[30.8:535]  382[312482] 43002873542 0862 43
CHCLS, Maduan [IQR] 468 [2451137] 604 [258921]  402[253:1330] 0857 4l
CHCLIZ, Madian [IQR] 4028 [363.24596] 4294 [357.7454.7] 3997[3733460.0] 0980 45

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients lung metastasis. P values correspand to the Kruskal-Wallis test.
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

Angiostatic
Total Yes No p N
N=l04 N=47 N=g2
PRET
CXCLS, Medimm [IQR] 12989211} 141{39371] 126 [9.0;184] 0311 104
CXCLLO, Median [IQR] 1788 [123.3.2712] 197.8[148.1,324 87 153.4[115.0,209.8) 0.020 104
CXCL], Medim [IQR] 296 [204:473) 3012043621 29I[0L4277 0415 104
CXCL13, Median [IQR] 274 [190;311]  28.7[23.1458]  250[18.0:361] 0051 o4
CXCL16, Meduam [IQR] 516.0 [427.0:588 8] 5653 [447.0:646 51 4737 H07.1:355.01 0.005 104
EVAR
CHNCLY, Madm {IQR] 100 [6.9;:16.00 10.5[72:151] E4]66:165] 0301 &3
CXCL10, Median [IQR] 1396 [106.8:1914] 137.4[110.7;196.1] 1492 [103.7;1819] 0880 &3
CXCL1], Madian (IQR] 200 [14.4;30.0] TA 42274 04 {152:310) 0371 &
CXCL13, Median [IQR] 27.1[189:369]  313[267,393] 239017.,328] 0028 63
CXCL1E, Madian [IQR] 4786 (431.9;561.17 511.1[8455,554.9] 4776 [414 3;5371.8] 0708 &3
FROG/LFUP
CXCLY, Median [IQR] 11.09.1:167) 10.2[8.4;12.0 11.9[9.6:174] 0285 43
CXCL10, Median [IQR] 1675 [139.4;196.6] 157.5[129.9,1993] 1762 [143.5,1954] 0691 43
CXCL1L, Median [IQR]  306[21.74011]  299[205315) 35160234502 0285 43
CXCL13, Madipn [IQR] 266 [20.0;34.1] 15.7 [202.33.4] 250[20.0;383) 0980 43
CXCL16, Median [IQR] 6483 [526,7:7453] 612.1 [534.1:694.5] 6567 [528.0;,7498] 0675 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time paints

associated to patients lung metastasis. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and peritoneum metastasis

characteristics

234 Annexes

Angiogenic
Total Yea No p K
N=107 N=ip N=53

PRET
CHCLL Madun [IQR] 279001955384 5] 13735 [192.53416] 287.7[197.5401.2] 0488 102
CHCLY, Mediam {IQR]  681.9 [475.1;530.8] 683.6[490.5,8927] 6303 [4752:9322] 0950 102
CXCL3, Madien [IQR] 7336 [M47.0;1039.0] 6983 [3463;1087%] 73538 334 310289] 0,325 102
CXCLS, Medum [IQR]  57.0[426823] 56.5 [40 8;66.6) 354 [428:525] 0476 102
CXCLS, Median [IQR]  53.5[303;133.4] 333 (2374970 B66[33.9:1472] 0010 102
CXCL12, Medun [IQR] 4998 [437.2,556.1] 4961 [4778,5538] 5001 [421.2;3558] 0505 102

EVAR
CNCL], Medun [IQR] 1628[1246217.7] [IX4B[1148207.1] 1643[1250:221.9] 0312 63
CXCLY, Median [TQR] I91.0[204.1:456.5] 3186[24054176] 2669 [202.6469.1] 0547 63
CXCLS, Medion [IQR] 3733 254.5:5293] 4262[230.2;506.8] 3726[2552:5429) 0910 &3
CXCL6, Medion [IQR]  32.0[225:461] 672419 310[228;443] 0686 63
CNCLS, Median [IQR]  32.2[15.4;79.2] 3541141013 343166740 0612 &
CHNCLIZ, Median [TOR]  358.0[325.14044] 3695 [35134369) 3680 [32234014] 0315 &2

PROGLEUP
CXCL], Medim [IQR]  2522[1844;3268] 2197[1832:2445] 25823[187.53268] 0312 42
CHCL2, Medun [IQR] 4087 [2319,636.6] 3936 [226.1,T054] 4238[2403,5999] 0818 42
CHCLS, Mediom [IQR] 5517 [445.9:6910] 5517 [4E74:6911] S5517[3414:6904] 0416 42
CNCL6, Medim [IQR] 355 [30.8;542] 42,6 [30.0:47.6] 394 3125501 0702 42
CXCLS, Median [IQR]  45.2[26.0;1174] 554 [40.6,134.6] IIR44539] 0141 40
CHCL12, Median [IQR] 404.6 [36254620] 4324 [372.0,450.1] 3980 [361L.7,4679] 0571 42

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients peritoneum metastasis. P values correspond to the Kruskal-Wallis test,
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

Angiostatic
Tatal Yo Nea p N

N=lo N=1§ N=83

PRET

CXCLY, Madian [IQR]  128[55:203] 124 [9.4:17.2] 128[85227] 0702 102
CXCL10, Median [IQR] 177.9[123.1:2703] 1775 [118.5:2147] 1783 [123.4,2716] 0.806 102
CXCL1I, Modian [IQR] 292 [203:44.1]  297[22.4:41.7]  288[20.1:498] 0747 12
CXCL13, Median [IQR] 27.0[18940.6]  236[160;362]  276[195413] 0217 102
CXCL16, Median [IQR] 516.0 [426.5.5865] 535.0 [427.0,579.0] 5158 [425.9:594.5] 0.787 102

EVAR

CXCL9, Median [IQR]  10.0[6.3,16.0} 9.1[52:158] 100[72158] 0665 63
CXCL10, Median [IQR] 139.6 [106.6,191 4] 10891014154 2] 1492[1144,200.8] 0194 63
CXCL1I, Median [IQR] 200[144300] 20.7[154318] 195[1432990] 0498 63
CXCL13, Median [IQR] 271 [189;369]  211[172:280] 284[19.7:409] 0085 &3
CXCL16, Median [IQR] 4786 [4319:5611] 4750401 5;5440] 4786 [4324,5718) 0652 &2

FROG/LFUP

CXCLO, Median [IQR]  11.0[9.0:161] H3[05116  109[8%171] 0794 £
CXCL10, Median [IQR] 1665 [137.0:1072] 1875[124.3:197.7] 1651 [145.1:1956] 0771 42
CXCLI, Mediani [IQR]  206[21.01:417]  3LT[202:378] 282[228422] 096 &£
CXCLI3, Median [IQR]  262[200:331]  179[154201] 267[215334] 0137 42
CXCL16, Medion [IQR] 6404 [3363:749.8] 6945 [648.3:841 1] 61215193731 5] 0422 42

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients peritoneum metastasis. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and metastatic site

Angiogenic
Tatad Liver Lasg Liver=Lasg Oriber P K
Ne/ld Am§r Nml] il X=ll

FRET
CHCLL Madim ma L4 #10 Mif piil ) ol Tod
BER) {108 7307 2] [aTases] [y Erang (202 9308 5]
E3CLI Melisz 5569 85 $11 Brel M4 Q88T ie
friss] W5 150 oEIS = Ly (43107082 LAF BTk | 840872 5]
CHRCLE, Alpdisn MNE7 98 e B2 i et QEIE I
izn; 4| [HT41041 8 (51151000 4] [431 T:838.00 [RALT dERLR ] FasEal]
CXCLE, Madies STOMITALI]  CSAOMO LTSN} SIS SSHIND ALMIITR4] 025 1M
posy
CXCLE Mvfim HEPOEIET) HIPIKLNI] MIETT MMIEENE MNE[17I313] <Ml 1
sy
CICLIL, Mistiem 008 L1 8 LT s L3 =L ]
BOR 4374542 13 A2 5507 H2L45100 [485. 2428 0 freRL ]

EVAR
OACLL ks i i | bl R IERE SR 5 LY} ne Imd oET &8
O] [RHENTT] [ 82153] [4212273] (51222 4]
CHCLY, Madive L JE8 L 18 ] 1434 s (Rrifl
o= [204 1456 5] T saL 4 prsan s [o2eass2] [eadati
CHCLE Madiem ¥Ta3 353 e Ll 4714 Ll &
[t {24550 5] [paessize) e RN [EiTisss (318 4:500.0)
CXNCLE, Maitm FICERISAMI] T ZRADIASEI]  Al{Ae3fe4] HOODSENE I[N M0 &
p=)
CHCLE, Mutes FLIMSAI9Y] AS[IASEES]  ITA[INERSS] . TTOMMENS]  LADNT] o8 &
]
CNCLIL Medim 8.0 eEl T ] L ITE3 et &L 8
GRS [ L) a5 T PR L] [lALHET) Stk ]

FROGLFLCF
CHCLL Madisn L1 80 EAT Y. HED 2143 0657 &3
pORS (S5 518 T] SR ] [T [ 5308 (¢ BE=it )]
CECLY Medun el T p i | T3 T4 a4
[} [T ] [R35.1583 7] P31y [430.7.581 4) 2714481 3]
CXNCLE Madias LA 21 4 57 3804 Qi 43
BOR] 45 m 0 d] M4 snze 0 [de 5800 4885542 7) e iazedy
CMCLA, Madise IH4D0E3LY HIETLHE] ITTRaR3LY H2EL5 ] Hi[Ev4411] 0311 45
]
CXHCLE. Madiim SEEEMRANT] - HINERIT 1] HAf04 88N $240 4830 4]
ezt [0 8. 145 B [A710053]
CXCLIL Madim a5l a g 87 a5ra Ll 3 ] Qag &
FGRi e BT el e {355.7.380.7] (3567861 0] G002

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] ocbtained at specific time points

associated to patients metastatic site. P values correspond to the Kruskal-wallis test.

PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics
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characteristics

Angiostatic
Tueal Liver Lumg Liver = Lung Ot p K
Nald Nwl] Nej) X=}j Am

FRET
CECLE Mo 0T  129[RB20T) peldy W AT HINTRN BARIAT T IZIRLEINE ATI2 1
CRCLIC Mlackisn ITLE 1524 Lt | nal g L Q102 104
BOR] ABsang [II&2208 4] 157122003 [1aE 8337 0] [L24.4200.5]
CXCLLL, Madizn HAROAATI]  MTRERI MR BIRiand T[T a2 i
QIGR}
CRCL1S, Mutis Mafeball MAQEsSE4 MA@ Biresss] MI[LSIE] 029 I
TRE]
CXCLIE Madiz 5140 T 74 pELES £217 Lo 1
[ieR] 2T I [a1} 83450 M LELe) [0 2038 2] 4073847 )

EVAE
CNCLE Madsen [IQR]  I0O[aR168) F2[45:163] SILTITT] . CeIERiaE TRTRIE3} DS &
CRCLIA, Medisn 1368 1405 LM 281 107 i™m &
MGE] [106.3;1%1.4) [ [EELE SRy flase 102 8:200.7]
CXCL11, hiadisn NGNadEid] 00RSK305 A4 743408 N4R0GeET] L &
[OE]
CECLID, Madien IMINLEIEE] MI[ETLINS]  IRADMLANAS  MEPMIAIY] WPTING L3 &
[ER]
CRCLIE Madien 18 4178 451 5111 #4421 LN &
] [431 9,561 ) [0, 564 8] [0S HL ] #7555 2] [440 5, 534.0]

FROGLFLP
CRILR Meu=[IQR] 11 2IFLILT) HeEpalny BTN LRl E AR ] BIRDEIER] 238 4o
CRCL1Q Madin -1 805 12 L5r2 1807 30 &3
[oE] [135 4 500 5 [id3 £:190 4] 138185 7] jieaaai s {187 5231 6]
CECLI], Adadiss WARTTALT] J4QIAALY] MO[TANT  MOPOLISE]  MSIpisasl] g i3
i
EXCLLY Madien MARGESAY) PYRINI4] ARTENG M) 14053303 Ll 4
ARE]
CRCLIS Madin f4E3 W 13 a3 w1y e a2
il 4 (8743 (582 1.7650) FIGd 148 9 (5305830 8] (547 5,472 3)

Angiostatic CXC chemokines median levels (pg/mlL) and [IQR] obtained at specific time points

associated to patients metastatic site. P values correspond to the Kruskal-Wallis test.

Annexes 237



238 Annexes

CXC chemokines by time-point and first-line treatment

Angiogenic

Tatsl
N=[03

=37

CT + Bevacirmmab
N=i2

CT+ mb-EGFR

=7

FRET

CNCLI, Madion [IQR]
CECL, Aladion [IOR]
CXCLS, Madien [I0R]
CRCLE, Medim [IQR]
CXCL3, Madipn [I0R]
CHCL12, Madun [103)
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Angiogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients first-line treatment. P values correspond to the Kruskal-Wallis test.
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characteristics

Angiostatic
Taiul CcT CT + Bavacimmmab CT+ mab-EGFR P .
Nmipd NajF Nalp N7
FRET
CXOLS Medim IQR]  129[ES2LI] 13880187 néepuay 1240144 o980 1
CXCLIO, Madine [JOR] 1793 (1234270 6) 1783 [113.9:200.5] 1853 [1060:2987] 18R2(I3100702) 0437 103
CMCLIL, Msdien IQR]  NE044TS]  NTHEES4E) NERIessT] ARSI G886 105
CECLILMaEIOR] TA[00A13]  265[R1080F]  ISH(I95342  HO[EZASE] 074 163
CXCLIS, Madinn [IQR] 3162 (427350991 4973 4243506 9) RUOMI72.4354) 610FLITE] 0473 16
EVAR
CXCLA. MedisnfIQR] 92068137 B3[18:141) 10073135  130[8K1T3] 03 &
CXCLIO, Madian [IOR] 141 9[1053:1961) IT33[ID6E2867] 1206 [10881647) 153021005 19460] G162 &
CXCLIL Madten [IQR] | I9E[143:203]  Z2E(I54348]  168{126215) 0351308 o003 &
CXCLIS, Madwn [IQR] 277 [189:370]  288[160434]  2468[1892835] 342822543 0084 &
CHCLI6 Madiee [IQR] 451 674337561 8) 54581 (4392803 8] SIE4[430535587] 4774 54704] DO42 &2
FROGLELP
CECLOMedim[I0Z]  LIO[RLIT]  SS(43118)  HepTALY LOPLIAE it B
CXCLIO, Mafion [IGR] 1678 [1I94:106.6] 1851 [133.62606 1631133 2:1014] IE77[408459] 0325 43
CYCLIL Madim [IGR]  30[2L74L1]  2STRLISLE 0868328 3SPE74T] 4M5 B
CXCLIL MafanIQR] 266[200341] 234[07406 M2R02290]  4RISN1] 029 45
CXCLIE, Mafan IOR] 6483 [5167,0453] 6070 (M4 LE81 Y] #BS2[S530.775 6] S4OL06T6E21] 0098 42

Anglostatic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points

associated to patients first-line treatment. P values correspond to the Kruskal-Wallis test,
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CXC chemokines by time-point and MSI/MSS

characteristics
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Angiogenic
Total MS] MSS rp N
N=50 N=3 N=7§
PRET
CXCL1, Meadian [IQR] 293.6[197:8:3765] 3107 [3104:353.1] 287.7[196.3:371.3] 0335 £0
CXCL2, Median [IQR] 6852 [476.1578.0] 7321([56525451] 6803 [47589885] 0545 80
CXCLS, Meadian [IQR] 7351 [567.2;10416] T67.5 [651.4;1230.5] 7545 [563.4;1038.7] 0493 %0
CHOLE, Meadian [IQR] 588 [42.0:;82.1] $39[385:824] S94[428:818] 0743 B0
CHCLE Median [IQR]  33.5[30.5135.4] 30.0 [38.3;76.2] 33.7[30.4;1394] 0BML B0
CHCLI2, Median [IQR] 4998 [443.6;359.4] 4881 [4731:5422] 3500.1 [439.7;5623] 0698 80
EVAR
CHCLY, Median [IQR] 1704 [137.0:215.7] 2136 [21362136] 1645[133.0:217.7] 0411 40
CHOLD Median [IQR] 3361 [219.9:4763] 3021 [3021:302:1] 337.0 [219.4:4833] 0.762 40
CHCLS, Median [IQR] 4493 [332.3;549.2] 5032 [503.2:5032] 4476[326.7;555.9] 0897 40
CXCLE, Medan [IQR] 347 [246473] 138 [158;15.8] 352[358480] 0153 40
CXCLSE, Median [IQR] 325 [16.9;95.9] 2IBLLELY BS{16T965] 0965 40
CXCLI2, Median {IQR] 3745 [331.5,415.6] 351.4 [3514:3514] 3761 [328.5.4196] 0697 40
FROGLFUP
CHCLY, Madian [IQR] 2535[184.4:2573] 2183 [20312335] 2582[1852-309.5) 0561 30
CXCL2, Median [TQR] 3914 [231.96354] 3592 [2BL94366] 39014 [237.5.664.6] 0618 30
CHOLS, Madian [TQR]  SSLT{442.5:7080] 529.0[4852:5728] SSL7[44.6:7220] 0803 30
CHCLG, Median [IQR] 395 [30249.5] 351 [33.0:373 41.1[296,516] 0561 30
CXCLE, Median [IQR]  371[2L0;1185]  200[194206] 437 [4.:1293] 0153 28
CXCL12, Madian [TOR] 3382 [361.7:445.35] 4082 [35504314] 3882 [360.74370] 0803 30

Angiogenic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time points
associated to patients MSI-MS5 Status. P values correspond to the Kruskal-Wallis test.
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

Angiostatic
Total MST ALSS p N
N=§0 N=5 N=T%
PRET
CXCL3, Maduan [IQR] 13.0 [%.0:22.0] 125 [11.8:38.9] 130{88.21.1] 0544 8O
CHCL10, Median [IQR] 1834 [123.5375.8] 195.8[183.4,272.5] 180.7 [123.2;276.1] 0376 80
CYCLII, Median [TQR]  31.5[225533]  352[296384]  310[2235;541] 0866 80
CXCL13, Median [IQR] 27.5[19.7:408]  279[236281] 272[195413] 0493 80
CNCL16, Medan [IQR] 520.0 [4276;593.3] 647.8 [495.7,695.5] 517.1[4275;5854] 0.186 80
EVAR
CXCLY, Medim IQR]  9.6[7.2:164] 48.1[45.1:48.1] $4[70:158] 0109 40
CXCL10, Madian [TOR] 1419 [112.3;134.4] 299.9[2995:299.5] 139.61115:17632] 0153 40
CXCLI, Mediam [IQR]  205[15.0:308]  357[55.75570  204[153:304] 0153 40
CXCL13, Median (JQR] 268([17.5;356]  258[258258] 270[175357) 0897 40
CXCL16, Madian [IQR] 475.8 [436.0:360.5] 6320 [632.0;632.0] 474.0 [434.5;3542] 0209 40
PROGLFUP
CXCLY, Meduam [IQR]  112[5.4;164] 5.0 [82,98] 11654174 0280 30
CXCL10, Madian [IQR] 172.9 [134.6;218.0] 126.3 [117.0;135.77 179.1 [135.5;232.6) 0.183 30
CXCLE1L Median [IQR] 232 [20.4:37.5] 211 [20.2:22.01 30S[20.5.384] 0183 3}
CXCL13, Median [IQR]  276[203:420)  257[242271]  278[201453] 0739 30
CHCL1E, Median [IQR] 6038 [S02.1:705.2] 7131 [681 8744 4] 3933 [450.8,698.0] 0.280 30

Angiostatic CXC chemaokines median levels (pg/mL) and [IQR] cbtained at specific time points

associated to patients M5I-MS5 Status. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and BRAF mutation

Angiogenic
Tatal WT MUT Not tested P X
a=id bt ae=d N=I3
FRET
CHCLY, Medean [TQR] 833 [I867357.2] 2JM2MRLA36E] 4II[METSIIN NIEQE455] L1 1M
CNCL2, Madian [IQF] #8590 [4752.9508]) S305 4651032 6] TR [TAAE11450) THTS (6252581 %] 0182 |0a
CHCLS, Medsam [TQR] 7457 [347T4; 104047 6543 [S44.5,1000 4] 13030 (1079 5403207 - §57.2 [aoa 1 105.6) 00010 104
CROLE, Madazn TIOR) ST0 [ 280 13 405703 123 [95.3:120.8) ETST45411297 000 104
CNCLS Madum [IOR] 545 P0O5ISET] 387 POLIEL] 312 (150808 1046 (364255 5] 003 104
CHCLIZ hedia=[IQR] T00E [T 4 HE1] 5016 [441.5:581 8] IR pAMS591] 4519 pITLERL0] 0258 lod
EVAR
CHCLL, Madiau [TQR] 1428 [1246217.7]  16LE [1394:222.0] 16,1 [61.0:187.4] IT3A[N751%09] G674 63
CXCL?, Machan [IQR] 2910 204 145%4] 331401704501 MOE{1E52124] 2901 (1504504 6] 041 &3
CXCLS, Medaan [IQR] 3733 PR 55293] 3606 MNFHG] SEODIT00ETIA]  S0IBLMEETHI44]) 0510 &
CNCLE, Madamn [IQR] 320225441 34T 52 54811 20165470 MAS258T] 0T &
CXCLE, Medsam [BJR] 3220154792 ITH 16051 2] T {maEy EI[I59EAT] 0TI &
CXCLI Medion [IOR] 3680 (BII014044] TTEDRMIAIRE MHINT636746 IR PIEIERLT] 036 &2
FROGLFUP
CHCLY, Medion: [IQR] 2988 [18553267] 2969 [1544297.9]  17O[ITL71861] 2443 [M0133357) 0323 43
CHCLY, Mehan [TOR] 413 XM TAMA] HTERNFITIE 272N 5%ITIA]  AXTS[RAEETTL] 0288 43
CHCLS, Medean [FOR] 3517 [H4558908] S137[H415649.4] 16084 [1333.0:1877.6] S79.6 [454.6:649.1] G070 43
CHCLE, Medaan [TOR] 3408519 133150 8,51 6] M E[M2156.T] 34T I 4
CXCLE, Madian [IQR] 255 [2451147] B0[110934] THSO 054 11863])  ERS[TOIGLE] 00T &
CNCLI2 Median [IQR] 4028 [36324558] 4001 [MESHE0] 2PER{17400790] HETSRTHES]) 0191 &8

Angiogenic CXC chemaokines median levels {pg/mL) and [IQR] obtained at specific time points
associated to patients BRAF mutational status. P values correspond to the Kruskal-Wallis test.

PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics



PRET, EVAR and PROG CXC chemokines serum levels association with resonse fo treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics

Angiostatic
Toual wr MUT Not tested P N
=14 N=TT N=d N=23
FRET
CNCOL%, Median [IQR]  119[85IL1) 124 [8.5:204] 243 [129:369] 136361951 0368 104
CNCLI0, Median [IQR] 1765 [12332703] I63371135:2707] 30 [207.1:2752] 1793 (1352442 0324 104
CXCLII, Madion [[QE] 256 [20.4:4759] 300[205500] 374[50493]  2R0[04394] 0546 104
CRCL13, Medun [IQR] 274 [150:411] ITI[139357] 30470338 260085453 0796 104
CXCLI6, Medinn (IGR) 5160 (427005888] 51584273567 7] B2 [4114;6745] 5254 [430.0:5563] 004 104
EVAR
CNCLS, Meduan [IQR] 100 [69;16.0] $4[67,163] TE[40:165) H2[TT155] 0798 &
CHCLID, Medixs [IQR] 1396 [106.5;1914] 1495 [110.0;2059) 1053.7 (5593317 AT[IL31T03] 0657 &5
CHCLITL, Medion [IQR] 2000 [14.4,30.0] LT [15.9:33.8] 214 (10834 4] IS8 (13020 6] - 0084 &5
CXCLI3, Medinn [IQR] 271 [189:365]  ZRI(177368] 18595327 26E[N9MT] 0657 &
CXCL16, Madian [IQR] 4756 (431 9:561.1] 4753 [429.3.5414) #4462 [103.2:5151] $39.7 [4386:3800] 0424 &3
PROGLFUP
CXCLS, Madian [IQR]  110[9.1:157] 100 (85176 173 [168:178] 113 [106133] 0364 4
CXCLI0, Medsan [TQR] 1678 [139.4:196.6] 1666 [1375:2180] 2634 J29.52952) 1362 [138.8,180.4] 0215 43
CHNCLIL Median [IQR] 30602174101  3LS[36417  JLSQL0421] 4I[00300] 0295 4
CNCL1S, Medion [IQR]  266[00M1]  27I3[07420] 1E2[166199] M2[165298] 0178 43
S48 [T26T7453] 6321 [FI0.7262] SE3D[SIR 4T ] ARSI 40 TE4EF] 0560 43

CXCL 16, Medun [TGR)

Angiostatic CXC chemokines median levels (pg/mL} and [IQR] obtained at specific time points

associated to patients BRAF mutational status. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and RAS mutation

characteristics
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Angiogenic
Total WT MUT p N
N=102 Nmg7 N=5§
PRET
CXCLI Madin [IQR]  28331193.9:3020] 3107[2067:4528] 2654 [193.7.3609] 0.187 102
CHCL2 Madum [IQR] 6869 [475.13425] 675.3[461.2,1046.1] 6528 [484.1;3850] 0549 102
CXCL Medim [IQR] 7336 [S47.0:10367] 729.3[3463:10554] 737.0(563.4:10078] 0799 102
CHCLS Medim [IQR]  57T0[426815] 351 [M3.7.906] 64401712 0M0 102
CHCLS, Madm [IQR]  S49[3061381] 468[2851285] S96[35L;1667 0374 102
CNCL12, Median (IQR] 4998 [437.2:5603] S518.0[4577.5817] 486641715517 0162 102
EVAR
CXCLI, Madan [IQR]  164.5[124.2:2218] 173.0[12952177] 1IS56[1174;2151] 0614 61
CNCL2, Medim [IQR]  3021({2056465.1] 2893 [2075.4422] 330[2066:35180] 0614 61
CXCLS, Madiam [IQR]  3726[253.7:5297] 3667 [2453;5684] 3729[3095:5095] 0835 6l
CXCLS, Madon [IQR]  305[228443] 3182144931  293[44392] 086M 6l
CNCLS, Medin [IQR]  322{165844]  321[14153 6 I26[17.0860] 0564 61
CHCL12, Madun [IQR] 363.0[323.74026] 3842[MI04I11] 3483[51653906] 0087 61
PROG/LEUP
CHCLL Medim [IQR] 2M485[185.53267] 239.2[19333268] 2582[1844;3206] 0882 43
CNCL2, Madom [IQR]  4238[234.76244] 3057 [229.1;503.5] 4578[3221:6366] 0143 43
CXCLS, Madimn [IQR]  S31.7[4459:6008] ST96[44067729] SOT[MSLL614Y] 0728 43
CXCLS Medom [IQR] 394 [308,535]  476[373;597] I8I[279453] 0066 43
CXCLS, Medim [IQR]  468[451137]  748[1982049]  406[304547 0915 41
CXCL12, Medon [IQR] 4028363245961 443.7[38164837] 3885[349.04334] 0050 43

Angiogenic CXC chemokines median levels (pg/mL) and [IOR] obtained at specific time points
associated to patients RAS mutational status. P values correspond to the Kruskal-Wallis test.
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ANNEX VI: PRET, EVAR and PROG CXC chemokines serum levels association with resonse to treatment and patients’ clinicopathological and molecular

characteristics

Angiostatic
Total WT MUT p N
N=loz Ny Ne=5§
PRET
CHCLS, Madian [IQR]  129[89:211] 130[05352] 126 [B&197] 0352 102
CXCLI0, Madian [IQR] 1788 [123.1;272.0] 1835 [135.5,276.1] 1771 [1084;210L6] 0284 102
CXCLIL Madian [IQR] 292[205:468] 288[21.5:484] 296[I184:43.6] 0387 102
CNCLIS, Madian [IQR]  274[189:409] 293[207:458] 250[189:367] 0077 102
CXCLIS, Mehan [IQR] 5144 [426.5;591.0] 4957 [406.3;582.7] 517.1[4313;394.5] 0.392 102
EVAR
CCLY, Medum [I0R) S4[67-154] 1096517 6] 83078131 4778 61
CHCLI0, Madian [IQR] 139.5[103.7:181.5] 139.5[105.3:247.8] 134.7[110.7:177.6] 0.686 6]
CHCLIL, Madim [IQR] 20001443011 2191150348  176{142233] o016 6l
CXCLI3, Madim [IQR] 266[189360]  283[183;465] 240[189292] 0124 6l
CRCL16, Madian [IQR] 4781 [431.4:561.7] 4431 [3344:500.9] 3358 [475.0:576,6] 0.001 61
PROG/LFUP
CCLS, Madion [IGR]  11.0[9.1:16.7] 120 [9.6,17.8] 105861397 0264 43
CHCL10, Median [IQR] 167.8{139.4,196.6] 1947 [157.7:2925] 1569[1290.7,1869] 0.024 3
CXCLIL, Mediam [IQR]  306{21.7:4L1] 377[B1513] 2650199338 o0é2 &
CHCLIS, Medin [IQR]  266[200:341] 48[D16544] 237[200288] 0143 43
CHCLIS, Madian [TQR] 6483 [526.7;745.3] 5721 [474.0,648.3] 6398 [5612:807.5] 0.025 43

Angiostatic CXC chemokines median levels (pg/mL) and [IQR] obtained at specific time paints

associated to patients RAS mutational status. P values correspond to the Kruskal-Wallis test.
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CXC chemokines by time-point and BRAF/RAS mutation

Angiogenic
Toual BRAF mui NEAS s KEAS mmi WT P N
Nm]f2 N=g Neg Ny Mgt

FRET
SHELY, Miedian 3 A2 (8T ) T 2630 R0 D2ag 102
fiiea] s3] 128 551109 (181 5345 1] [1873452.8]
N2 Alsctiom BT A1) T4 652 5k 4 ba433 102
NgR] [TIL2T (5041 11841] [e75.4:8484) [IL0530.0]
ML, Metoan s RELE o THEE 85 0053 102
QE] E3AT 01006 T) [HOTS S 40000} (754 5:1123.0] NS5 N 44K 10353]
CHCLE, Median TOMESLY)  LI23IFSSI0E  FTSEMESLE]  BS[BRLTNI  STHISSN]] 0054 10
ey
CNCLE, Madian SEPEILY IDSOELS  INIPELINI] DOEIAT4] ROp0XINS 033 102
noE]
L1, Miadim, Lok | by e MR R 50 4477 54 x4 102
[IR] {497 2:580 33 [451.9;365 5] [al45348.0) TR By

EVAR
CHOL, Mledian FL R0k 1 610157 6) I [454 6 k25 &
TRE] [2nurn [250.5 3154 RIA5N0S] 402157
LY, Mledzan FLoea N1 [H08 521341 13 3341 3D G261 61
GE] (205 648511 (2255088 2] o8 &3 7] a4
CNCL S, Aladian 528 08,0 [TMR0ETI 4] 4657 3861 LT 088 6
TIQR] NN [#50.54T00 r el B (4535679
CHCLS, Meadiom LSl T 30 NESATal HIARHE MANEST MIDI4ss ool &
paz)
CHCLE. Mladion 2216 5544) #07 [20.4:82 5] o, L LI [I65768] JLE{IA2512] 0351 &
DRI L4127
12, Wheehom 330 HIT[ITe 367 6] 570 3421 w3 B9 &
QK] L 780018) [R50:3800) [PLSR3ST O] PRSI

FROGLFLF
CHCLY, hindisn o3 ] IS ITLTIEE 1] 30 2488 HED o 4
[EQR] 1185 53267 [506565T] (183225207 [2133.370.5]
CHCLI Nadian Eri¥ ] 25274 L3 0 ] 4547 L1IN] 0337 4
[IgR] [334,7624.4] EREWT0E  [RMSEM4] [234 7604 5]
i e PRI BT 1084 B559 07T 4835 ony 4
[IGR] [445.9-650. 5] 33615775 603 867301 [448.7:493.3] (Tred sy
CXNOLE, Madiam 39,4 [308:53.5] AL BLETSELE4T]  ED[7S4%1) 482 DESELIT 00T 4
[F0Ry
CXCLE, Madian EIHSIIET] IS0 AT TIP0ITT]  MS[LEIT4] 08 41
R
ENCL1Z, Maciam Lond | 3TEE0TA3M9T] i b A L] a1 o
[ [363.2.459.6) [0 1:413.7) [R53.2455.1) [400 1458 0]

Angiogenic C{C chemokines median levels {pg/mL) and [IQR] obtained at specific time points
associated to patients BRAF/RAS mutational status. P values correspond to the Kruskal-Wallis
test.
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PRET, EVAR and PROG CXC chemokines serum levels association with resonse fo treatment and patients’ clinicopathological and molecular

ANNEX VI

characteristics

Angiostatic
Total BRAF mui NRAS mnt ERAS mui wT » X
N=ld Ne=d N=f Ne=af Nedf

FRET
ONCLD Matins OR]  LZG[ESNLI] M2I0IGE) INIPENT]  DIEE]  DRPLIMT 04501
CXCL 10, Madies H3d 13 1825 ns 314 joF
[ECE] (i 1l e v [158.4:270.7] [0 43104] [13e9282T]
CNCLIL Meadies ITR[IS0A9T] TE[IIEEAT) DIEIALE) HILEA8T] Dasl HT
Qe
CNCLI3, Madir= STANEFALE A1 13E WOR2040 5] SO[IEE3RI)] HI(NEAAI] QI 102
ea]
CNCLIE Meiian a4 211 3171 b A5ET Ul g
FOR} 855000 [2246765]  HOTRSRL]  [4R085M) (0135809

EVAR
ONCLe Mafm[IQR]  LA[ET154) TIAEIaE] M4QIIITE  1IpTiIE NIESITI] 0HT M
CHCLIO, Medisa L3953 1037 [$48331 7] 2345 1415 0590 8
[CRJ R L 04084 5) (07 &4714) [y
CHTL, Madies MO443E00] NSE0IE44] O BIEISS ITO4XN  RI3NsIssF] wEzoW
el
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Angiostatic CXC chemokines median levels (pg/mL) and [IQR] cbtained at specific time points
associated to patients BRAF/RAS mutational status. P values correspond to the Kruskal-Wallis

test.
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Annex VII. CXC chemokines serum levels at EVAR and
PROG time-points association with survival

CXC chemokines serum levels association with risk of death and progression at EVAR
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Serum EVAR median levels of the eleven C){Cs studied and the association with 05 and PF5. Median
05 and PFS (in months), P values, HR, and 95% | correspond to univariate ') and multivariate %) COX
models. HR correspond to the category above the median respect to category below the median (by
default = 1). The variables: PS, radical surgery, age and sex were considered in the 05 multivariate
analysis; PS, age and sex in the PFS multivariate analysis.
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indicated CXCs at PRET. P values shown correspond to univariate log-rank test.

CXC chemokines serum levels association with risk of death and progression at PROG
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Serum PROG median levels of the eleven CXCs studied and the association with OS5 and PFS. Median
05 and PFS (in months), P values, HR, and 95% €| correspond to univariate (') and multivariate (%) COX
models. HR correspond to the category above the median respect to category below the median (by
default = 1). The variables: PS5, radical surgery, age and sex were considered in the 05 multivariate
analysis; PS, age and sex in the PFS multivariate analysis. In bold, all statistically significant results with a

p <0).05.
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indicated CXCs at PRET. P values shown correspond to univariate log-rank test.
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ANNEX VIII

Annex VIIl. CXC chemokines dynamic changes along
PRET-PROG and EVAR-PROG association with survival

PRET-PROG dynamic changes association with risk of death and progression

PROG D 0 0 OF DEA PRO
— .
DYMAMIC HR HEa HR
cremorines | TEANE |meouan fasxc| "R S oy |Meoian fasxcn| "R IS
f= =L Decrease | 23.1[17.8-33.4) 1.04(0.50-2.17, | 1.79|0.72-4,50, 1L.T7{10.7-172) | 025 |054-2.45,
MEDIAN Increase | 19.7 [15.5-MA) =l 0] p=0.213] 9.3 [7.6-NA)
CXEL2 Decrease | 24.3 (17.8-334) | 071 (0.31-1.63, | 0.38(0.04-1.06, [ 9.7[8.1-NA)
MEDIAN | incresse | 18.4(15.5-MA) p=0.422] 11 [9.8-14.5)
LS Decraase | 331 [(17.8-334) | o7z 031170 B.9[7.6-NA)
MEDIAN Incresie | 18.4 [15.5-WA) p=0.455] 11 [9.9-16.5)
CAOLE Decrease | 23 [18.4-3006) 1.56 (0.54-4.51 1.90 {0.576.31 11.7 [10.2-MA]
MEDIAN Increase | 17.2 [15.5-WA) peDal2) pe0 234) 10.3 [8.9-14.5)
CXOLE Decrease | 24.3 [18.8-33.4) | 1.34(0062-2.94, | 1.49|0.66-3,35, 11 [9.9-14.5) 1.20 {0.5R-2.45,
MEDIAN Increase | 18.4 (12 6-HA) e =l 336 B9 [7.6-NA) p=0 612]
[ <t ] Oecrease | 20.1(16.4-39.7) | 0083 (040-1.72, | 004 (042208, | 102 (9B-MA} | 065 (032-1.29,
MAEDIAN [ 23 [18.4-MA&) p=0.616] p=0.575) 10,7 [7.8-16.6) 0.216) p=314)
[= 1= F1] Decraase | 24.3(17.8-39.7) | 101 (0.49-2.09, | 0.5 {0.41-2 FB(8.716.5) | 0.77{039-1.53, | 0.7
MAEDIAN Incresse | 19,7 [17.2-MA) p=0.968 p=0.888] 12.2 (10.7-24.4) p=0u463]
CHCLIL Decrease | 230 (145-MA) | 3 06(051-2.21, | 1.0940.51-2.33, | 12.2(9.9-204) | 107 0.54-2.10, | 1.04(0.51-2.15,
MEDIAN Increase 20 [17.2-MA) pe0B6T) p=DERD] 9.8 [8.1-16.6) p=DESS) pel.506)
CHELLZ Decrease | 20.1 [17.2-29.4) | 2 73 [0.89-558, | 2.97 |L.02-8.68, 12 (9.3-NA] 0.76{0.34-1.68, | 0,61 (0.25-1.49,
MEDIAN 32.5 [18.4-NA) p=0.085) pe0.047) 10.6 [8.7-14.5) p=0.176)
ora1s | Gecrease | 231(20-MA) | goap (045190, | 071020-1.71, | J0.6(9.3-14.5) o | 097 (045207
MEDIAN Increase | 18.8[17.2-MA) p=0.829] 1 10.7 [8.7-24.4) p=333)

cociie | Decreass | 26.5(145.0a)

MEDIAN | inerease | 19.7 (17.2-324)

p=0.751)

OuER [0.41-1.52,

10,6 (9.3-20.4}

10.8 [8.7-NA)

1. 59(0.77-3.28,

p=0 0]

1.30(0.58-2.92
p=.52E)

Dynamic changes of CXC chemokines and their association with 05 and PFS. Median 05 and PFS (in
manths; p values, HR, and 95% €1 correspond to univariate (') and multivariate (*) COX models. HR
correspond to the increase category respect to decrease category (by default = 1). The variables: PS,
radical surgery, age and sex were considered in the 05 multivariate analysis; PS, age and sex in the PFS
multivariate analysis. Statistically significant results (p <0.05) are highlighted in bold,
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log-rank test.
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EVAR-PROG dynamic changes association with risk of death and progression

EVAR-PROG DYMNAMIC CHANGES ASSOCIATION WITH RISK OF DEATH OR PROGRESSION. N =29

OAVERALL SURVIVAL PROGRESSION FREE SURVIVAL

mm“mmm HR (35%C1, HRa {35541, MEDIAN [95% C1] HR [$5%C1, HRa [35%C1,

CHANGE p walus)' pvalue)? pvalue)’ pvalun)?
XoLL Decraase | 3008 (12-NA] | 1.34(0.33-3.95, | 1.19(032-4.40, | B9(68-MA) | 173067448, | 2810095794
MEDIAN | increase | 20.3(17.2-MA) p=0.841) p=0.796) 9.9 (8.9-20.4) p=0.257) p=0.052)
UL Decrease | 30.1(18.2-8) | o7s(n27-2.10, | 067 (0.23-1,99, | 10(89204) | 124 (052-2.97, | 1.79 (069-4 63
MEDIAN Increase | 19.7 (15.5-MA) p=0.552) p=0.471) 9.8 (7-MA) p=i.628) p=0.230]
CHOLS Decrease | 39.7{30.0-MA} | ga7 (008159 | 037 (008-1.71, | 99(B5-166) | 181043757, | 1.41(031-6.84
MEDIAN Increase | 19,7 (17.2-32.4) p=0.179) p=0.2013) 12.7 {7-MA) p=.41%) p=0E56)
CHOLE Decrease | 32.4(20.3-MA} | 045015037, | 0.36(0.02-1.103, | 9918.1-204) | 133 0.47-3.74, | 1.24(043-3.56,
MEDIAN Increase | 188 (14,5-MA) p=0.160) p=0.080) 11,3 {9.8-NA) p=.584) p=0.695)
CHOLE Decrease | 307 (30.1-MA) | 268 (0.62-11.62, | 2.74(0.55-12.68, | 127 (T-NA) 145 (0.71-2.93, | 1.44(0.7-2.96,
MEDI AN Increase | 19,7 [17.2-32.4) p=0.189) p=i0.198) 5.9 (8.5-16.6) p=i0.307] p=0.316)
[= s L} Decrease | 23 (14.5-NA) | 073025085, | 1,32 (0.61-2.85, | SB(81-204) | 135(066-234, | 1.16(058-2 30,
MEDIAN Increase | 303 (18.4-MA) p=0.514) p=0ATH) 10,2 {B.7-NA) pe0A84) p=l 572
CHCL10 Decrease | FDT(15.5-MA) | 1 7a(oer350, | 167 [081-3.43 | B(8.1-166) 152 (0.80-2.88, | 1.74(0.90-337
MEDIAN Increase | 20{17.2-32.4) pe0.117 p0.166) 12.7 [B9-NA) p=0.203] p=0.101}
oL Decrease | 18.7(12.6-MA) | 0g4(023-0.81, | 048 (0.04-165, | FATENA) | 3380047347, | 1.10(0.28-3.44,
MEDIAN | increase | 5.3 |18.4-MA) pe0.402) pe0.243) 10.2 [8.7-30.4) pod 624) pe0.811}
= la kT Decrease | 23 (12.6-NA] | 114044297, | 095 [0.33.2.75, 10 (8.7-MA) 103 (0.4-2.65, | 096 (0.36-2.54
MEDIAN Increase | 24.8(17.2-MA) p=0.792) p=0.922) 9.8 [6.8-MA} p=0.941) p=0.935)
£HELLE Decroase | 294 (18.8-MA} | 034 (017-067, | 034 [0.16-0.69, 8.1 (7-NA) 034 (0.17-0.67, | 0.34 {0U17-0069
MEDIAN Increase | 184 (14,5-MA) p=0.002) p=0.,003) 13,6 (0.8-NA) p=0.002) p=0.003)
Omuas | Decsase | 2IUIBMA) | g in6n232 | 13807027, | 1093204 |y 55050280, | 158 (081000
MEDIAN Increase | 303 (17.2-MA) p=0UG03) p=0.350) B0 [8.7-MA) p=.205] p=0.181}
Dynamic changes of CXC chemokines and their association with 0% and PF5. Median 05 and PF5 (in

months; p values, HR, and 95% C1 correspond to univariate (') and multivariate (¥) COX models, HR
correspond to the increase category respect to decrease category (by default = 1), The variables: P5,
radical surgery, age and sex were considered in the 05 multivariate analysis; PS5, age and sex in the PF5
multivariate analysis. Statistically significant results (p <0.05) are highlighted in bold.
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eleven chemokines when comparing EVAR-PROG time-points. P values shown correspond to univariate

log-rank test.
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Kaplan-Meier survival curves showing PF5 of patients split according to the dynamic changes of all
eleven chemokines when comparing EVAR-PROG time-points. P values shown correspond to univariate

log-rank test.
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