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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”
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Abbreviations

5-FU
ABC 
ACS

AJCC
AKT

ATCC
APCs 
APC
BER

BB
BV

BRAF
C

CA 
CAFs

CAPOX
CAR-T

CCL
CCR

cDC1s
CEA

CIMP 
CIN
CMS

COVID-19
CpG
CRC      

CRISPR
CT 

CTCs
CtDNA 

CTLA-4 
CXCL 
CXCR

DCs
DFS
DNA

dTMP
dUMP
EGFR 

ELR
EMT 

FACS 
FAP 
FDA

5-Fluorouracil 
ATP-binding cassette 
American Cancer Society 
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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)1. 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 programs2,3.  

A
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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 to 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 mortality4,5.

1.2. CRC PROGNOSIS

The American Cancer Society (ACS)6 official statistics stands that the 5-year overall sur-
vival (OS) 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 to 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 20183. Early screenings, such as fecal occult blood testing (FOBT), have reduced 
advanced-stage diagnosis by lowering CRC-related deaths (by 20–30%)7. 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 women6,7. However, in patients with a first-degree relative with CRC diagnosed between 
50-70 years, the risk rises to 20%6. In addition, around 15% of sporadic CRCs are micro-

Figure 1. Incidence and mortality statistics of CRC in 2020. A. Cancer-related death cases in both sexes world-
wide. B. Age-standardized incidence and mortality rates of CRC in the world divided by sex. Source1.
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satellite unstable (MSI), resulting from hypermethylation of the MLH1 promoter8. Also, 
there are predisposing conditions to CRC such as inflammatory bowel disease (ulcera-
tive colitis, Crohn’s disease) and cigarette 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 syndromes7, 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 risk7,8. 

CRC may be considered as a geographic socioeconomic development marker3. 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 diet6,7. 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 
activity3,6. 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 field6. 

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 combined6. 

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)9. 
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It has been demonstrated that CRC develops after the epithelial cells acquire seve-
ral hallmarks of cancer10 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 CIMP3,11,12. Therefore, this 
adenoma-to-carcinoma process can be caused by one or a combination of the main 
molecular pathways described: MSI, CIN, and CIMP6,13. 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 MSI14–16. Fifteen percent of CRC patients harbor 
MSI tumors, where only 3% associate with LS and the other 12% is mainly caused by 

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 top 
sequence is the “classic” one, in which tubular 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 

tumors. The model proposed by Fearon and Vogelstein in 1990. Figure from3.
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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-βR2) 
and v-Raf murine sarcoma viral homolog B (BRAF)14,17. Regarding MSI CRC tumors, it 
has been reported that they tend to arise in the proximal colon, present immune infil-
tration of lymphocytes and are poorly differentiated. These MSI CRC tumors are more 
frequently diagnosed in stage II and rather uncommon in metastatic tumors, 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 poor18,19. 

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 pathways13,14. The CIN 
CRC model of carcinogenesis proposed by Fearon and Vogelstein in 199020 (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 β-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 development3,13,14. 

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 regions21. Global DNA hypomethylation and localized promoter hyper-
methylation are common epigenetic events that occur in cancer14. 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-
normalities13,14,20. 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 controversial21,22.

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-
tastases3. 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 cascade23. EGFR signaling involves 
two 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 trans-
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 proteins24. These signaling cascades may result in cancer-cell proliferation, apop-
tosis blockade, invasion and metastasis, as well as tumor-induced neovascularization23. 
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 CRC24. 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 switch25. In CRC, most RAS-activating mutations happen in 
codons 12, 13, and 61, being G12D, G12V, and G13D the most frequent17,26. These muta-
tions in 12 and 13 are known to cause constitutive activation of the GTPase, outbreaking 
possible anti-EGFR effects27. BRAF’s typical activating mutation is V600E, which con-
sists of a substitution of a central amino acid in the kinase domain. V600E 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) patients28. On the other hand, mutations in tumor suppres-
sor genes are also relevant in CRC. Around 54% of patients have p53 dysfunction17. 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 phenotype29. The adenomatous polyposis 
coli gene (APC) is another important tumor suppressor gene in CRC and its mutations 
are present in 75% of sporadic CRC patients17. 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 apoptosis30.

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 tumors. 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 
testing MSI, BRAF, and KRAS mutations, the histopathological study is still basic to 
determine patients’ stage, prognostic, and predictive parameters as well as tumor cha-
racterization18. Lately, circulating tumor mRNA, microRNA, and cytokeratin are under 
study as potential diagnostic markers. Furthermore, distant metastases diagnosis is an 
important 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 tomogra-
phy (CT) is recommended in all CRC patients as well as magnetic resonance imaging 
(MRI)3,8,11. Lately, pathologists are paying special attention to tumor budding. If pre-
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sent, it is considered an indicator of an aggressive tumor, closely related to epithelial 
to mesenchymal transition (EMT) in the tumor microenvironment (TME)31,32. It consists 
of single or small tumor cell clusters that are detached from the tumor33. 

1.5.2 Tumor staging 
 The degree or extent of the CRC at diagnosis is crucial to determine patients’ treat-
ment and outcome. Tumor staging categories are clinicians’ major tools to measure 
patients’ prognosis and help them to decide which is the most appropriate treatment 
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 
practice34.

1.5.3 Consensus molecular subtypes

CRC cancer heterogeneity regarding clinical and molecular characteristics as well as 
response to treatment 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 subtypes35–40. The international CRC Subtyping Con-
sortium was created in 2014 to unify the existing classifications and described the 
well-known four consensus molecular subtypes (CMS1 to CMS4) in 201541, summarized 
in Figure 342. 

• 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 (TH1), 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 chemotaxis42,43. However, this CMS has a poor survival rate after relapse, which 

Table 1. AJCC tumor staging system for CRC. Tumor (T), nodes (N), metastasis (M)6
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has been demonstrated to correlate with BRAF mutations and MSI44,45. 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 surveillance42.

• CMS2 (Canonical subtype) 
CMS2 subtype is known as the “canonical” and it includes 37% of all CRC cases. The-
se tumors display epithelial markers, a high ratio of CIN and hyperactivation of the 
signaling pathways WNT and MYC41. 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 naïve 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-L142. 

• CMS3 (Metabolic subtype) 
CMS3 corresponds to only 13% of all CRCs. It is also known as the “metabolic” subtype 

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 from42
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due to 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 TH17 and naive B 
and T cells, there is no active immune microenvironment, thus, are considered “immu-
ne excluded”42.

• CMS4 (Mesenchymal subtype)
CMS4 represents 23% of all CRC tumors. It is characterized by CIN status and EMT 
phenotype associated with the TGF-β pathway, stromal infiltration, and angiogene-
sis41. 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-β, 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 expressed42. Moreover, patients with CMS4 
tumors are commonly diagnosed at advanced stages (stages III and IV) with worse 
overall and relapse-free survival ratios41.

Still, due to mixed features, 13% of CRCs cannot clearly be classified into any CMS. This 
may be due to a transition phenotype or intratumoral heterogeneity41.

Patients’ prognostic is different according to tumors’ molecular subtype being those 
harboring CMS1 and CMS4 tumors are the ones with the best and worst prognoses, res-
pectively. Nowadays, the translation of the CMS classifier into preclinical models pre-
sents a lot of potential, especially regarding drug discovery and sensitivity studies46,47. 
This is encouraging many groups to keep up their continued efforts to improve the 
CMS system translation into the clinics48 Classifying patients based on their molecular 
characteristics may offer different subgroups, each, prone to receive new treatments 
together with candidate targetable pathways47,48. 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 chemotherapy49. 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 CMS50. These findings highlight the great potential of CMS clini-
cally, although there is a need for greater confidence in the CMS classification45. 

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 treatment by using biological the-
rapies targeting specific tumor features51,52.

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-
truction 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 liver53. 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 
outflow54. 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 sites55. 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. Cytoreductive surgery and hyperthermic in-
tra-peritoneal chemotherapy are the standard care in peritoneal malignancies56,57.

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 metastasis51,58,59. In the last decades, the survival of metastatic patients 
has improved to a median OS of 30 months60,61. This is due to the implementation of 
new treatments, 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 treatment51,58 Figure 
4. 

Figure 4. First-line treatment algorithm for unresectable mCRC58.
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The chemotherapeutic first-line treatment backbone combinations are the intravenous 
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 treatment 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 life3,11,62. 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 withdrawal63. 

1.6.3 Types of treatments: 

DRUGS USED IN FIRST-LINE AND ONWARDS:

Cytotoxic chemotherapeutic agents

Chemotherapy consists of a systemic treatment 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 others3. As previously mentio-
ned in paragraph 1.6.4, the main chemotherapeutic drugs used in CRC treatments are 
fluoropyrimidines (mainly 5-FU), irinotecan, and OXA64.

- 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 DNA65,66.  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 often administered in 
combination with folinic acid (leucovorin)65,67. Capecitabine is a pro-drug that once 
absorbed is converted into 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 intravenous 5-FU. Both drugs revealed equal survival rates in combination 
with other cytotoxic agents64,68.

- 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-
timately 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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indentified67,69,70. OXA was approved in the early 2000s, and in combination with 5-FU 
and leucovorin, improved CRC patients’ survival71.

- Irinotecan
Irinotecan is a Camptothecin derivative (a natural compound from a Chinese orna-
mental tree) that inhibits topoisomerase I. 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 drug72. 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-
tients 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 treatment51.

- Monoclonal antibodies against EGFR (cetuximab and panitumumab) 
Overexpression of EGFR is a hallmark of many epithelial cancers, including CRC73. 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 combinations3,27,51. They are indicated 
in first-line mCRC patients combined with chemotherapy in  KRAS WT tumors74: 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 BRAF75. 

- 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 angiogenesis76,77. Bevacizumab (Beva) binds to circulating VEGF-A 
avoiding its binding to 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 patients76,78–80. 

Guidelines regarding first-line treatment extent, recommend following patient’s perso-
nal situation, toxicities and disease aggressiveness. Based on these, stop-and-go as 
well as intermittent treatment and maintenance treatment (5-FU with or without Beva) 
have emerged as individualized strategies openly discussed with the patient.
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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 to its ability to 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 administration81,82. Also, prognosis and outcome are associated with the 
presence and type of tumor-infiltrating immune cells. Thus, infiltration of cytotoxic and 
effector memory T cells correlates with better survival of cancer patients83,84. 

Usually, malignant cells present abnormal antigens on the surface by the major his-
tocompatibility complex-I (MHC-I) leading to recognition and attack by the immune 
system. However, cancer cells may develop the ability to downregulate MHC-I mole-
cules that together 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 cells85. 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)86. Immunotherapy’s goal consists of trying 
to reawaken the anti-tumor response from the immune system, by blocking these inte-
ractions and avoiding tumors’ escape from T cell detection, favoring tumor clearance, 
and immunosurveillance85,87.

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 III 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)88,89. Together with Pembrolizumab, Nivolumab, another 
PD-1 blocker, and Ipilimumab a CTLA-4 inhibitor, have shown beneficial effects in these 
MSI-H patients51,88,90–92. Pembrolizumab is approved in first-line treatment and Nivolu-
mab and Ipilimumab in refractory disease in dMMR/MSI-H metastatic patients74,93–95.

DRUGS SPECIFICALLY USED FROM SECOND-LINE TREATMENT ONWARDS:

Second-line treatment 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 mCRC51,58,85. As the knowle-
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dge about tumor molecular abnormalities increases, new treatment possibilities arise, 
especially in second-line treatments and beyond46,58. 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 therapies51. 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 benefit96. 

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) treatments97,98. 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 consideration99,100. 
Once the drugs reach the tumor cells, they can be intrinsically 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 
multidrug resistance. The main studied mechanisms of resistance consist of alterations 
in the transport 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-
vels100. 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 vivo101. In addition, this mechanism has a vast drug specificity, sustaining 
the MDR100. Another common mechanism of therapy resistance consists of defects in 
the apoptotic pathway. The p53 protein is an important regulator of apoptosis, indu-
cing cell cycle G1 arrest, by preventing tumor cell replication after 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 100,102. 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-κB pathway103. As a consequence, these resistant cells overexpressed and 
secreted high amounts of some CXC chemokines including CXCL1, CXCL2, and CXCL8. 
Interestingly, the inhibition of this transcription factor with curcumin and the silencing 
of CXCL1 and CXCL8 genes resulted in the reversion of the resistance phenotype104.

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 
appears98. 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 drugs105. 
Also, when V600E mutation is present in the BRAF gene, cancerous cells are unres-
ponsive to EGFR-directed therapies, which usually translates into worse survival24,28. 
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 
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sidestep signaling pathway, avoiding the anti-EGFR therapies28. 

The identification and implementation of resistance biomarkers is aimed at improving 
treatment outcomes of CRC patients as they may help guide oncologists in choosing 
the best treatment schedules and avoiding treatments with non-effective drugs, thus 
saving money and patients from toxicity with no clinical benefit97,100.

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 disease106. 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) 
approval95,107,108.

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 treatments95. 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 benefit93–95. 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 response95,109.

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 chemotherapy27,110,111. 
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 inhibitors112. Several studies have shown that the sided-
ness of the tumor is also a prognostic-predictive marker113. RAS-WT right-sided CRCs 
present a worse prognosis than left-sided and do not show any benefit from anti-EGFR 
therapy; in this setting, a more aggressive treatment based on chemotherapy triplets 
could be used74,114. 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 
therapies115.

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, treatment monitoring, and tumor surveillance58,116,117. 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 



to single markers110. There are numerous additional biomarkers that show promising 
results but a few are being translated 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 decisions118. Reece et al, demonstra-
ted that ctDNA may help to assess surgical tumor clearance, choose an appropriate 
treatment, and monitor its response119–121. 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 
together 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 century122. 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 tumors: immunosurveillance and 
immunoediting123,124. The cancer immunosurveillance process functions as a potent tu-
mor suppressor mechanism, although it is only one piece of the intricate relationship 
between the immune system and cancer123–125. In the event of an unsuccessful response 
to tumor elimination by the immune system, those tumors with diminished immuno-
genicity may arise, escaping immune recognition and elimination124,126. This duality of 
host‐protective and tumor‐promoting functions is named ‘‘cancer immunoediting’’ (see 
section 2.1)124,125,127. 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)82. As a result of the numerous 
advances in the tumor 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 582.

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-
sis10,128 and it is considered one of the 8 hallmarks of cancer (Figure 6, left)10. Pro-in-
flammatory and chemoattractant factors are released by malignant cells promoting 
immune cell infiltration129–131 and reprogramming resident fibroblasts into 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 TME132–134, arranging the perfect setting for the disease135. 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 conditions136–139. The com-
bination of all these factors will determine the disease progression and the response to 
treatment140,141. 
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Figure 5. Immune system role from pre-cancerous lesions to primary tumors and metastases:  Representa-
tion of the development of a primary tumor, from pre-malignant lesions and the corresponding immune contexture. 
Adaptive immunity regulates tumor growth although the tumor can evade immune recognition, via immune toleran-
ce, suppression, and escape, favoring tumor progression and metastasis. Figure from82.
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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 tumor cells. From the oncogenic transforma-
tion, cancer cells express neoantigens that are released at the time of tumor cell death. 
These neoantigens are captured by antigen-presenting cells, commonly type 1 dendritic 
cells (cDC1s)144 driving priming and activation of T cell responses, possibly at the tertiary 
lymphoid structures (TLSs)145, always together with a cocktail of costimulatory signals 
and cytokines146. This represents a critical step, in which specific factors and parame-
ters can bend the balance towards either anti-tumor effector T cells or pro-tumor Treg 
cells147. 

Figure 6. The Hallmarks of Cancer: There are eight Hallmarks of Cancer, since, along with the six (acquired 
capabilities) proposed in 2000142, the hallmarks ”deregulating cellular metabolism” and “avoiding immune des-
truction” proposed in 2011 have been extensively validated10. The 2011 sequence also included two enabling 
characteristics “tumor-promoting inflammation”, which together with “genome instability and mutation,” were 
essential participants in the activation of the eight hallmarks for tumor growth and progression. Likewise, the 
figure on the right represents a proposal of four new possible emerging Hallmarks: there still are some extra fea-
tures of this theoretic model that could be incorporated, if they can be extensively applied in all human cancers 

and are supported by an increasing number of publications. Figure from143
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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 point, 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 from123. 

Introduction  41



Elimination is followed by the equilibrium phase, in which the immune system repea-
tedly selects and/or promotes the appearance of tumor cells with the ability to survive 
the immune system’s attack. This phase is characterized by constant proliferation and 
mutation that eventually favors tumor escape from the immune response82,123,125. This 
ability of tumor cells to coexist with the immune system and survive is another of the 
hallmarks of cancer143. Equilibrium is acknowledged to be the longest of the phases 
and could last for years81,82. 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 tumor cells. This ability to evade immune attack is 
again considered a hallmark of cancer pathogenesis81,148 (Figure 7). 

The ‘‘immune contexture’’ concept is defined by the nature, immune functional orien-
tation, density, and location of the tumor-immune infiltrate149. It was originally esta-
blished in CRC, although over time its application has expanded to many different 
solid cancers150–152. 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 tumor141. A recent worldwide validation confirmed that the consensus 
Immunoscore holds prognostic value superior to that of the AJCC/UICC-TNM staging 
system153. 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 tumor cells. Thus, they may influence the tumor-stroma interactions eventually 
affecting tumor cell growth, survival, migration, and angiogenesis, either suppressing 
or promoting cancer aggressiveness. Moreover, chemokines have also been associa-
ted with resistance to chemotherapy in CRC154, ovarian155, and breast cancer156, 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 
tumor-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-terminus within the mature 
protein, which corresponds to the chemokine ligand. These small proteins (8–10 kDa) 
exert their biological function by binding to 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 to each receptor and vice versa157–159.
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They are secreted proteins whose main function is to attract 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 
evolution161,162. 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 stromal cells may secret chemokines and 
express their corresponding receptors81,158,163–165. In 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 tumor growth by promoting the migration of immune 
suppressor cells and endothelial cells among others to the tumor 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 attract monocytic 
and granulocytic myeloid-derived suppressor cells (MDSCs), IL-22 + CD4+ T helper 22 
(TH22) cells, IL-22 + innate lymphoid cells (ILCs), Treg cells, and plasmacytoid dendritic 
cells (pDCs)158,166. 

Figure 8. C, CC, CXC, and CX3C chemokine’s structure. Chemokines usually contain four cysteines in conserved 
positions and the space between the two first ones, determines its kind. Cysteines grant the tertiary structure throu-
gh the disulfide bonds. Figure from160
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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 
cell like properties167–170. 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)171,172, 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 into the tumor microenvironment173 and promoting tu-
mor angiogenesis and boosting tumor progression and metastasis173,174. 

- Recruitment of TH22 cells.
TH22 cells are a subset of CD4+ T cells which under inflammatory conditions, overex-
press IL-22 leading to pathological changes and tumor progression175. They express 
CCR6 and are therefore attracted by its ligand, CCL20 which is present in the tumor 
microenvironment176. TH22-derived IL-22 promotes the activation of signal transducer 
and activator of transcription 3 (STAT3) transcription factor, increasing the expression 
of histone H3 lysine 79 (H3K79) methyl transferase DOT1L176 and of the H3K27 methyl-
transferase 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 contact178. This T cell-mediated 
suppression may favor tumor growth and therefore is related to poor patient outco-
mes179,180. 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 cells180. Tregs also express CCR10 and therefore migrate towards hypoxic 
regions from the tumor microenvironment that are enriched in CCR10 ligand, CCL28181. 
High amounts of Treg cells are commonly found in the bone marrow of patients with 
cancer182  facilitating immunological tolerance and tumor metastasis to this site. In 
the tumor microenvironment, Treg cells have been reported to express inflammatory 
cytokines, like CXCL8183 and IL 17184, 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 cells185. They express integrin α5 (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 tumor angio-
genesis and inflammation through the production of massive interferon I (INF-I) and 
proinflammatory chemokines such as CXCL4185,186. pDCs also induce T-regs to produce 
IL 10 leading to increased tumor progression and immunological tolerance186-188.
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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 to take part in the tumor microenvironment for-
mation189. They express CCR2 and can be gathered at the tumor microenvironment 
by CCL2–CCR2 signaling pathway190. There is a positive correlation between CCL2 
expression and the presence of TAMs which is usually associated with poor progno-
sis172. TAMs may promote tumor growth, invasion and metastasis, they express inhi-
bitory B7 family members such as PD-L1 to inhibit TAA specific effector T cells191–194.  
Furthermore, TAMs also favor chemoresistance195 and boost cancer stemness and 
metastasis167,172,189.

Figure 9. Pro-tumor effects of chemokines. Among all immune cell populations, gMDSCs and mMDSCs, Treg cells, 
IL-22 + CD4+ TH22 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 
inhibit antitumor immune responses, as well as advocating cancer progression along with angiogenesis and cancer 
stemness. Figure from158
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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, TH1, and polyfunctional TH17 
cells to the tumor microenvironment through chemokine–chemokine receptor signaling 
pathways (Figure 10). 

- Recruitment of TH17 cells. 
TH17 cells are CD4+ T cells with an essential role in inflammation and autoimmune di-
seases. Regarding tumor immunity, TH17 has a dual function favoring but also inhibiting 
tumor growth196. They have high levels of CCR6, CXCR4, CD49 integrins and the C type 
lectin like receptor CD161197–200 which favor their migration and accumulation within 
tumors and inflammatory tissues197,199,201,202. CXCL12, a ligand for CXCR4, and CCL20, 
a ligand for CCR6, are both present in the tumor microenvironment (TME), facilitating 
TH17 trafficking. Once in the TME, TH17 will further recruit NK cells, CD8+ T cells, and DCs, 
favoring tumor regression197,199,202,203. CCR6-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 regression158 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 cells83,84,158,197,204–206. 

- Recruitment of myeloid DCs. 
Myeloid DCs are a heterogeneous APCs population with proinflammatory or regulatory 
properties depending on the TME207. They express CCR6 and may migrate into tumors 
in response to CCL20 and induce tumor progression208,209. Nonetheless, CCL20 also pro-
motes the maturation of DCs at the TME, resulting in the inhibition of tumor growth210 
through the priming and activation of TAA specific effector T cells211. 

- 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 capacities212. NKT cells are divided into two subtypes based on the 
expression of their T cell receptor (TCR). Type I NKT cells present an invariant TCRα-
chain (Vα24 in humans) and type II NKT cells have diverse TCRs213. Type I NKT cells 
mainly have antitumor activities as they produce IFNγ to activate more NK cells and 
CD8+ T cells. Besides the IFNγ mechanism, NKT cells also activate DCs to produce IL-
12 favoring the antitumor activity214. 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-
ties213–215. Most NKTs express non-lymphoid homing or inflammation-related chemokine 
receptors including CCR2, CCR5, and CXCR3216. 

- Recruitment of TH1 immune cells. 
TH1 cells are CD4+ helper T cells that when active, as NKT type I, secrete IFNγ, showing 
strong antitumoral effects in the TME217. 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 patients83,84,204–206. 
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- Recruitment of B cells. 
The antitumoral role of tumor-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 
linage218–220. A useful marker to differentiate B cells is CD20, also known as B cell surface 
marker221. It is expressed in tumor-infiltrating B cells (TIBs) from early to late stages of 
differentiation (naive and memory B cells) and it is downregulated, as they differentia-
te into plasma cells (PCs)222. TIBs express CXCR4 and may be attracted to the tumor 
microenvironment by CXCL12. They can also be found in tumor-associated TLS being 
attracted by CXCL13223,224. When infiltrated in tumors they increase T cell responses by 
producing antibodies, cytokines, and chemokines, and may act as APCs, which has 
been associated with better survival225–227. Regulatory B cells228 are a subset of B cells 
that are recruited into the TME and that also display different roles in tumor immunity 

Figure 10. Tumor immunity promotion by chemokines. Recruitment of immune cells with antitumor activity, like 
CD8+ T cells, TH1 cells, NK, and polyfunctional TH17 cells, via chemokine–chemokine receptor signaling pathways. 
Macrophages, DCs, and APCs migrate into the tumor microenvironment and may activate and expand other local 
effector immune cells, favoring the regression of the tumor. Figure from158 
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and tumorigenesis. Some studies have reported that regulatory B cells may negatively 
regulate tumor immunity and promote tumor progression via IL 10, IL-35 and transfor-
ming growth factor β (TGF-β), inducing tumor angiogenesis, decreasing CD4 and CD8 
effector T cells response and recruiting tumor promoting immune cells229–232.

To sum up, a wide variety of chemokines play a role in the recruitment of immune cells 
into the TME through the corresponding chemokine-chemokine receptor signaling. The-
re, these immune cell populations are able to target both, tumor 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 treatment, 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 humans233. The CXC chemokines nomenclature is “CXCLx”, 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 activity159. 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 discussed234. 
 

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-transmembrane 

CXCL16; MSCs-mesenchymal stem cells; TANs-tumor-associated neutrophils. Table, slightly modified from233
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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 pathway159,235. 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 β-arres-
tins and not to the classic G protein236. As shown in Table 2, the same receptor can bind 
to different chemokines, and vice versa233.  

 
2.2.5. CXC chemokines and their receptors role in CRC
Considering that chronic inflammation is one of the main risk factors for CRC158, 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 discussed159,237. 

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 disease159,238–240. For instan-
ce, CXCL1 facilitates cell seeding and distant metastasis outgrowth241. It has been 

Figure 11. CXCL and CXCR regulatory mechanisms. CXCL binding to the CXCR, which is located at the cellular 
membrane. Followed by CXCR internalization and signal transduction at the nucleus. Consequently, after the interna-
lization, it gets degraded or recycled at the plasma membrane. Figure from159
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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-
tic target for mCRC159,242. However, further trials are needed to evaluate its potential 
translation to the clinics241,242. CXCL5 was found at higher levels in the serum and in 
FFPE tumors from CRC patients as compared to healthy controls238. CXCL7 promo-
ted invasion and angiogenesis through the PI3K/AKT/mTOR signaling pathway and 
its overexpression correlated with worse prognostic in CRC patients240. CXCL8 (also 
known as IL-8) can be regulated by inflammatory signals, environmental and chemi-
cal stress, and by other stimuli such as steroid hormones243,244. It is mainly associated 
with neutrophil migration which promotes tumor growth, angiogenesis, motility, and 
invasion245,246. Tumor-derived CXCL8 will activate CXCR2-endothelial cells in the tumor 
vasculature promoting angiogenesis and at the same time attracting more neutrophils 
into the tumor site244. In vitro studies have shown that CXCL8-overexpressing CRC cell 
lines proliferated, migrated, and invaded more than control cell lines. When injected 
into immunodeficient mice they were able to develop a higher number of tumors that 
in turn were more vascularized as compared to controls247. CXCL1, CXCL2 and CXCL8 
genes are transcribed by the NK-κB 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 chemokines104. Several studies 
have demonstrated the metastatic potential of CXCL8 and its receptors, CXCR1/2248. 
Aiming a CXCL8-rich TME, a novel immunodeficient skin-specific CXCL8-expression 
transgenic mice model was generated in the study of Lee et al. When human and mou-
se CRC cells were subcutaneously injected, tumors 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 model249. In agreement, blocking CXCR1 
and CXCR2 using an antagonist, resulted in increased tumor cell apoptosis and redu-
ced metastasis250. Moreover, high serum levels of CXCL8 are associated with advanced 
CRC, distant metastases, and shorter CRC overall survival247,249.

CXCR4 and CXCR7 axes
CXCR4 (Fusin) and its ligand CXCL12 (Stromal cell-derived factor 1) have a well-known 
role in metastasis development251–253. In CRC liver metastasis, CXCL12 is secreted by 
the Kupffer cells and by endothelial cells254 and several studies have demonstrated 
that high CXCR4 expression in CRC patients is associated with liver metastasis255,256. 
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)257. CXCR4 colocalizes with 
CRC stem cell markers like CD133 and CD44, which are associated with the epithe-
lial-mesenchymal transition (EMT) process159. In 165 stage II-III CRC patients from the 
National Cancer Centre Hospital in Tokyo (Japan), high CXCL12 protein levels in the 
primary tumors, were associated with poor prognosis258. Also, increased mRNA levels 
of the receptor CXCR4 in primary CRC tissue have been associated with poor survival 
rates in stage IV CRC patients255. In addition, high concomitant expression of CXCR4 
and VEGF proteins in primary CRC tissue predicted early distant relapse in stage II-III 
CRC patients257. Moreover, similar findings on CXCR4 association with tumor progres-
sion and low survival were reported from CXCR4 transcriptional levels in a systematic 
meta-analysis of 3794 stage I-IV CRC patients255,257,259,260. 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 pathways261. In addition, it was found 
to be overexpressed in metastatic lung tissue, together with CXCL12 when compared 
to primary lesions262.  Moreover, substantially higher levels of CXCL12 were found in 
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malignant lung tissue when compared to benign tissue263.

CXCR3 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 patients264. Moreover, levels of CXCL10 in 
serum from CRC patients increased according to the progression of the disease and 
correlated with the presence of distant metastases270. However, in a study cohort of 
64 stage II and III CRC patients low levels of CXCL10 was an independent biomarker 
of prognosis and recurrence265. Other groups demonstrated that CXCL10 co-expres-
sion with its receptor CXCR3, predicted metastatic recurrence and therefore, poor CRC 
prognosis266. Nevertheless, the use of AMG487, a CXCR3 inhibitor, resulted in the inhibi-
tion of metastatic growth and implantation of CRC, in an in vivo model267. 

CXCR5/CXCL13 axis 
The CXCL13 chemokine, originally known as BCA-1 (B cell-attracting 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 cells268–271, and in humans, 
it is mainly produced by CD4+ follicular helper T cells (TFH)272. Its associated receptor 
is CXCR5, although Jenh et al suggested that it could also bind to CXCR3 (Table 2). 
CXCL13 is the most important chemokine in controlling the migration of CXCR5-highly 
expressing B lymphocytes273–276.  Nevertheless, it can also attract some T cell popu-
lations (such as TFH cells) and macrophages268,269,277. CXCL13 expression in lymphoid 
tissues guarantees the efficiency of naïve B cells in antigen presentation during emer-
gent immune reactions278 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 TLSs279–281. These TLSs are commonly found under chronic inflammation (infection, 
cancer, and autoimmune disease) in non-lymphoid tissues282, where they will induce lo-
cal adaptive immune responses280,283. Friedman et al proposed a strategy that consisted 
of the induction of TLS formation in tumors treated with immunotherapy, aiming at be-
tter clinical outcomes and prognosis224. Unfortunately, the way TLSs are formed as well 
as their contribution to the tumor fate is not fully understood yet282. Bindea et al found 
increased levels of CXCL13 in human CRC tumors which activated TFH cells that in turn, 
increased intra-tumoral volume of B, TFH, TH1, cytotoxic, and memory T cells, gene-
rating a positive feedback loop284. Thus, both high numbers of CXCL13 and TFH cells 
may predict better survival in CRC patients285. In line with these results, low expression 
levels of CXCL13 in tumoral tissue from stage II CRC patients, have been described as 
a bad prognostic marker286,287 and a CXCR5+ CD8+ T cells subset was shown to have an-
ti-tumoral activity288. Nevertheless, other authors have reported contradictory results; 
for instance, Zhu et al289 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 CRC290,291. Apparently, a possible explanation for these 
paradoxical results could be the influence of different factors, such as patients’ molecu-
lar subtype, the treatments the patients received or the tumor stage, among others159.

CXCL16/CXCR6 axis
CXCL16 is a particular chemokine as the CXCL16 gene is located in chromosome 17p13 
which is different from the rest of CXCs292 and shows little homology with them293. 
CXCL16 has the peculiarity of having a soluble and secreted domain (sCXCL16) and a 
transmembrane domain (mCXCL16)292. CXCL16 is cleaved by a disintegrin and metallo-
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proteinase 10 (ADAM10)294–296. In the absence of ADAM10, ADAM17 may also cleave it297. 
sCXCL16 acts as a chemoattractant of cells that present the CXCR6 receptor292,293. In 
contrast, mCXCL16 is a transmembrane protein responsible for protein adhesion after 
binding to CXCR6298,299. mCXCL16 may also function as a membrane receptor by binding 
to either CXCR6300 or sCXCL16301 a mechanism known as reverse and inverse signaling, 
respectively302. Although it is classified as an angiostatic CXC chemokine, several reports 
have proven its activity as an angiogenic CXC in CRC159,303. Thus, CXCL16 expression has 
been found to be higher in colorectal tumors than in adjacent non-cancerous tissues or 
than in tissues from healthy subjects304,305. High CXCL16 levels were also observed in re-
gional lymph nodes, which was associated with worse OS in CRC patients306. 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 prognosis307.

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 tumor inflammatory microenvironment has motivated the phar-
maceutical industry towards efficient therapeutic approaches targeting CXC chemo-
kines and their CXC receptors159,308. 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 molecules158,308. Table 3 summarizes the latest modulators that have entered 
clinical trials targeting the CXC/CXCR signaling axes in cancer.
Targeting the CXCR1/2 signaling axes

Several clinical trials are currently assessing the safety and efficacy of different CXCR1/2 
antagonists in different tumor types (Table 3). In a phase I clinical trial 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)309. 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 tested 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 trial (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 treatment resulted safe for the par-
ticipants and demonstrated an antitumoral effect. Another phase I trial (NCT02737072) 
testing LY2510924 in advanced solid tumors (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 safety310.  Finally, a phase II trial 
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(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 translation of chemo-
kine research into cancer precision medicine256,311,312.

Table 3. Summary of the most recent clinical trials on CXC/CXCR in cancer. Highlighted in light purple are 
those in CRC. Data from313
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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 treatment 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 treatment 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-κB 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 tumors 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 treatment, 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 treat-
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 to receive an OXA-based-first-line treatment. 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 transcriptomic 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 Despí), 
Duran I Reynals Hospital (L’Hospitalet 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 Martínez-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 22nd 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 
time 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. 

Table 4. Participating hospi-
tals and the number of patients 
expected and finally included in 
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.
 

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 treatment 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.

Figure 12. Expected and included patient flow of our prolonged study.
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Patients received one of the following chemotherapy regimens: 

 

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 treat-
ment cycles, while those that progressed stopped the treatment and were considered 
to receive second-line chemotherapy treatment +/- targeted therapy. All patients were 
treated until intolerable 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 total 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 
time of tumor progression or end of the study. The median progression in these pa-
tients 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 

Table 5. Systemic therapy regimens administered to the patients that participated in our study. From clinical prac-
tice guidelines (REF ICOPRAXIS & www.nccn.org/patients). LV: leucovorin; 5FU: 5-Fluoroacil; OXA: Oxaliplatin; Cape: 
Capecitabin; Beva: Bevacizumab; Pani: Panitumumab; Cetux: Cetuximab. 
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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 tumor sample 
was collected from each patient (according to availability) for a TMA elaboration and 
subsequent IHC expression analysis. 

2.1. Serum samples processing
One serum-separated tube (SST™ tube, 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 4ºC and subsequently, the serum was 
aliquoted into six aliquots of 500μL in Matrix™ 2D Barcoded Clear Polypropylene Open-
Top Storage Tubes (Thermo Scientific) in a biological safety cabinet and stored in a Ma-
trix 96-format 2D barcoded storage microplate (Thermo Scientific). Aliquots in the mi-
croplates were frozen down at -80ºC in an ultra-low temperature freezer (-80ºC) 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. 

Figure 13. Design of the study. Time-points for the different serum and tumor samples.
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The shortage of material also explains why in some cases we were unable to make tri-
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 to these areas were randomly sampled from 
the paraffin blocks, with no special preference for the different parts of the tumor (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 Instru-
ments). Subsequently, immunohistochemistry procedures with specific antibodies were 
applied (see below 3. Immunohistochemistry).

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-to-use, clone L26. Agilent Technologies). Positive stai-
ning for anti-vimentin antibody was localized in the cytoplasm of stromal cells to 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.

Table 6. Summary of all primary 
tissue blocks included in the TMA and 
the corresponding provider hospitals.
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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, to 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.
 

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 times (1:10) in PBS. Prior to plating, standards and diluted samples were 
equilibrated to RT. When ready, we dispensed 50μL into 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, intra-assay precision ranged from 2% to 
4% and inter-assay precision ranged from 2% to 8%.   

Figure 14. Bio-Plex sandwich immunoassay.
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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 transcriptomic 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 Sautès-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/s13059-016-1070-5). We also studied the CXCL13 ex-
pression correlation with survival based on the mCRC patients’ treatment 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. 

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 

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.
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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 Sautès-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 Martínez-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/I and 2020/9067/I). 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 4ºC. The time 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 -80ºC 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/m2 
on day 1 and bolus 5-fluorouracil 500mg/m2 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, intole-
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 control 
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 treatment (N = 16). 

 

Patients were enrolled between the 29th 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 total 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.

Figure 15. Clinical trial scheme. Enrolled patients had computerized tomography (CT) scans of target and non-tar-
get lesions every 2 months until treatment failed. Patients were treated 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. 
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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 into 
1mL vials and frozen and stored at -80ºC 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, into 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 concentrations from the standards. Samples OD measure-
ments were multiplied 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 treatment initiation to the date of death from 
any cause or last follow-up, whichever occurred first. Follow-up time for progression-free 
survival (PFS) was the time (in months) from the date of first treatment initiation to the 
date of progression, death from any cause or last follow-up whichever occurred first. 
For patients who underwent surgery after the first treatment 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 treatment initiation. CXCs levels were log2- transformed 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 test 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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04
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-
tients 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-
ted 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).

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

A
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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-
tic 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 treatment date was 
29th May 2018 (IQR: 17-Feb-18; 06-Apr-19), whereas the median last cycle administration 
date was 7th 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 transplant 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 treatment-related 
complications and 13.3% because of other reasons (non-cancer related or unknown).
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Table 9. Clinical, pathological and molecular characteristics of patients. Performance status (PS): 0: without 
limitations; 1: minimal limitations; 2: limitations. CT: chemotherapy (5FU/Capecitabine + Leucovorin + Oxaliplatin); 
anti-EGFR: Panitumumab, Cetuximab; 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, together with age and sex, were 
considered in the multivariable models of our study. 
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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.
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Figure 18. Kaplan-Meier plots of indicated variables that were statistically associated with OS and/or PFS. 
P value, HR and 95% CI according to 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 time-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 time-point.

Additionally, as can be observed in Figure 19.A-C. all CXC chemokines were logarith-
mically transformation (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 CXCL8; 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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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 
time-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 treatment 
(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.

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).  
 

 

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 

statistically significant results (p <0.05).

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.
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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. 

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. 
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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] 
interquartile range. In bold, all statistically significant results (p <0.05).

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

We performed a multidimensional 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 
(CXCL6, 9, 10, 11, and 13) with the exception of CXCL8.

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. 
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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 
time-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 tumour was located at the colon, 

Figure 22. Heatmap showing the unsupervised distribution of CXC chemokines’ levels in PRET sam-
ples and according to clinicopathological variables.
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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 to treatment had hi-
gher CXCL2 basal levels and higher CXCL5, 8 and 11 at the time of response evaluation.  

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 tumor mass could strongly affect the amount of CXC found in blood as it 
can be considered as a source of releasing them314, 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 date of surgery. PS, age and sex were taken into 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 to 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 to 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). 
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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 univariate1 and multivariate2 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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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 tumour but also on the host itself. Therefore, we wanted to 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.
 

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. 
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In the analysis of the dynamic changes, we found that patients with increased levels of 
CXCL13 at EVAR, had better OS and PFS according to both, univariate and multivariate 
models (Figure 25). 

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 univariate1 and multivariate2 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.

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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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 treatment 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 treatment. 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.
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To further explore our results, we created the 4 categories as indicated in Table 17. 
Patients whose CXCL13 levels increased after 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).
 

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



102 Results

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 to univariate analysis.

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 into 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. 



 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).  

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 to univariate1 and 
multivariate2 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 multivariate analysis. In bold, all statistically significant results with a p <0.05. 

Figure 27. Kaplan-Meier survival 
curves showing OS and PFS of pa-
tients split according to the median 
values of the indicated CXCs at PRET 
in non-operated patients. P values, HR, 
and 95% CI shown correspond to univa-
riate COX regression analysis, except for 
OS and PFS in the case of CXCL13 for 
which values of the multivariate analysis 
are shown. 
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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. 

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).

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 univariate1 and multivariate2 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. 
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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):

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 to COX multivariate analysis, except for OS in 

CXCL11 for which values of the univariate analysis are shown.

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 to 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).

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 

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.
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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). 

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 TLSs279–281. These TLSs are commonly found under chronic inflammation (infection, 
cancer, and autoimmune diseases) in non-lymphoid tissues282. In CRC, the presence 
of these TLS is associated with TFH cells infiltration, which together with B cells, have 
shown protection against tumor recurrence140 and correlation with better outcome224. 
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 anti-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
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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). 

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

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.

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+.

B
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As CXCL13 is a key chemoattractant orchestrating the cellular composition of TLS, 
we wanted to explore possible correlations among CXCL13 serum levels in PRET sam-
ples and staining of CD20, CD3 and Vimentin in the corresponding primary tumors. 
Of course, we would have liked to perform this analysis with metastasis samples but 
as explained above, this was not possible. No statistically significant associations 
were found; however, a trend towards a higher presence of CD20+ and CD3+ cells was 
observed in those cases whose PRET samples had CXCL13 levels above the median. 
Interestingly, this trend was the opposite in the case of vimentin (Table 20). These 
results must be interpreted with caution because of the reasons explained above.

Table 21. Associations between CD20 and CD3 IHC staining.

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 tumor samples that we were able to collect and the lack of clear 
results of the IHC analysis we decided to 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 treatment (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 transcriptome-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 
treated (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 to 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).

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 

<0.01 (*); p <0.001 (**); p <0.0001 (***).
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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 treatment (N=104) and with CXCL13 gene expression above the median had a 
better and statistically significant OS. The same non-statistically significant trend was 
however observed in the naive patients (N=15), and all together (N=119).

We then wanted to 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 TH1 and B cells (not including CXCL13) (Sautès-Frid-
man et al., 2019 (https://doi.org/10.1038/ s41568-019-0144-6) (Table 24). 
 

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.
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First, we studied how these signatures correlated with survival in the cohort of pa-
tients that received neoadjuvant treatment. 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 statistically signifi-
cant better OS, median OS for each TLS signature is shown in Table 25. It has to be 
taken 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 TH1 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)

Table 24. TLS-associated gene signatures.  
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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 positive correlation among the values obtained 
through both methods. In average, CXCL13 values (92.59pg/mL) obtained by ELISA 
were 2.5 times 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). 
 

Figure 34. TLS signatures association with survival and 
correlation with CXCL13. A. Kaplan-Meier plots showing OS 
of patients treated with neoadjuvancy and split according to 
high or low expression of TLS signatures. Median OS (95%CI) in 
months. P value, HRa, and 95% CI correspond to COX mul-
tivariate analysis. B. Violin test showing correlation between 
CXCL13 gene expression and TH1 and B cell signature, p value 
<0.0001 (***).
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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 to find out that researchers from the Akersus University Hospi-
tal, Lørenskog and from the University of Oslo performed a clinical trial in which patients 
included in the control 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 time-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 trend 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).

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 to 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 

the healthy donors cohort: The horizontal line in each boxplot represents the median value.
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When analysing CXCL13 dynamic changes, we observed that a great number of pa-
tients stopped treatment 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 time-point to look at CXCL13 differences, as it includes all 33 
patients. In agreement with our results, patients with increased levels of CXCL13 at 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).

Table 23.  Association of CXCL13 levels with OS and PFS in the Oslo’s cohort. HR correspond to 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 univariate1 and multivariate2 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 treatment. P values, 

HR, and 95% CI correspond to  multivariate COX regression analysis (adjusted by age, sex, and performance status).
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05

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 treatment 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 to 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, CXCL5, 
and CXCL8104. 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-

Discussion
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noassay that allows for multiplex analytes detection. Our most relevant finding reveals 
that in our cohort, low pre-treatment 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 treatment 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 treatment 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 
turn associated with better overall and progression-free survival. 

The median OS of metastatic CRC patients is about 2 years315. 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 2018316. 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%317–322.

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 expected111 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 to some variants than to others323; 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-
tial in the management of the disease324. 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 factors325. Also, in a South-Australian registry of 1207 
mCRC patients it was reported that patients with multisite metastatic disease had a 
worse overall survival315. 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 studies326. 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 
survival327. 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 organs327–330. In our study, 23 patients underwent radical resection 
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at some point after the first response evaluation, most of them of their liver metastasis 
(78%). Before starting first-line treatment 1 patient was considered unresectable, 13 
potentially resectable and 9 resectable; therefore, about 13% of patients became resec-
table after initiating the treatment which is in line with other data reported previously331. 
As expected, these 23 patients presented better overall survival as compared to those 
that did not undergo surgery and consequently, we considered the radical surgery as 
a strong prognostic factor to be taken 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 take into account that chemokines also provide 
the context for innate and adaptive immune systems responses332–334. 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 tumor 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)158,166,335,336. 
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 to 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 tract337 in comparison to healthy donors; in serum samples from 
patients with distant metastasis from gastric cancer338 when compared to early gas-
tric cancer patients; in advanced nasopharyngeal carcinoma patients versus early na-
sopharyngeal carcinoma patients339 and in renal cell carcinoma patients in comparison 
with healthy blood donors340, 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)341 and acute myeloid leuke-
mia (200pg/mL vs. 125pg/mL, respectively)342. 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)343. 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 stage307. In the case of CXCL9, as it is an angiostatic chemokine344, 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 tu-
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mor tissues compare to matched non-cancerous (normal) tissues samples345. Also, high 
CXCL9 serum levels were reported in two different cohorts of patients with advanced 
hepatocellular carcinoma346. Discrepancies regarding the association of CXCL9 levels 
with colorectal and other cancers have been reported elsewhere343. Regarding CXCL8, 
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)347 and in a study in advanced 
hepatocellular carcinoma where the LUMINEX technique was also used (40pg/mL)346. 
Multiple associations were observed between chemokine levels and the clinicopatho-
logical variables of interest at different time-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 disease159,238,239. In mCRC patients, CXCL1 overexpression was associated with cell 
seeding of metastases at distant sites, such as the lung241. Signaling through the CXCR2 
promotes inflammation by recruiting tumor-promoting leukocytes in many cancers, 
such as CRC. Also, CXCR2 is involved in tumor growth, migration and metastasis, mostly 
in the liver156,348–351. Overexpression of CXCL5 in tumor tissues was associated with ad-
vanced tumor stage and with poor prognosis in CRC patients352. Also, high serum levels 
of CXCL5 in gastric cancer were associated with distant metastasis338.

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 cells353, some authors have shown it may also promote tumor progression pro-
bably by guiding the recruitment of immunosuppressive cells such as myeloid cells and 
fibroblasts354. 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 potential355, distant metastasis, and bad prognosis 
in CRC356. 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 reported357.

With regard to 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, tumor invasion, lymph node metastasis, distant metastasis, 
and vascular invasion345. Additionally, CXCL9 and 10 are upregulated by interferon-gam-
ma (IFN-y) and can exert an important role in inflammation initiation and cancer267,358,359. 
Thus, in agreement with our results, Kawada et al., demonstrated that CXCR3 and its 
ligands promoted colon cancer metastasis to lymph nodes264. 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 recurrence358.

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-
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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 treatment 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 treatment; 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 
hyperactivation104,360. Similarly, Joan Massagué’s group reported high levels of CXCL2 
in breast cancer patients after treatment with chemotherapeutic agents, 5-FU among 
others156. 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 evaded361.
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 treatment 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 at EVAR; although there is only a statistically trend (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 prognosis362,363; In gastric cancer, high levels of CXCL13 were 
significantly associated with worse 5-year OS364; in penile cancer, higher preoperative 
CXCL13 serum level was an independent prognostic factor for shorter disease-free sur-
vival365; In prostate cancer, the CXCL13-CXCR5 axis was significantly associated with 
disease progression366; finally, increased CXCL13 serum levels pointed out a role in the 
progression of breast cancer and advanced hepatocellular carcinoma367,368.

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 breast367, NSCLC369, prostate366 and penile cancer365.

So far, we have shown here that high PRET serum levels of CXCL13 correlate with worse 
outcome in mCRC patients. We would have liked to study whether the levels of CXCL13 
detected in serum correlated with tumor levels; unfortunately, we only had samples 
of the patients' primary tumor, 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 
types370–372. 

We however found that an increase in CXCL13 levels at the time of response evaluation 
was associated with better 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 to treatment. In fact, 
we also observed that patients who responded to treatment 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-tumor immune response (by means of CXCL13 increase) 
which is known to induce a long-lasting clinical benefit373.

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-
cer374. ICD consists of the stimulation and up-regulation of some protein molecules, like 
calreticulin (CRT), on the surface of apoptotic cells374. CRT may induce the maturation 
of DCs and activate tumor-specific cytotoxic T lymphocytes (CTLs) to get rid of the 
tumor cells375. 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 tumor antigens to T cells, thus initiating an antitumor response376. Of note, one of 
the chemokines involved in the generation of the immune response in the secondary or 
TLSs is CXCL13150. 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 
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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 survival149,284. TLSs are usually associated with favorable patients’ 
outcome, in most cancer types including CRC284.

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 
treatments 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-
tin377. 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 
samples378. 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 to answer these questions. 
We were lucky to find a dataset consisting of genomic data from liver metastasis of 
119 mCRC patients that received neoadjuvant treatment 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 investigators284,379. 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 control 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/m2 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/m2, same dosage on two consecutive days, while FOLFOX 
consists of a bolus of 400mg/m2 on day 1 followed by a 5-FU infusion of 2400mg/m2 
during 46 to 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 into 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 
time-point; therefore, to keep the sample size, we considered the last sample taken 
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 toxicity380,381; in another study it was demonstrated that a single 
cycle of 5-FU treatment promoted an anti-tumor immune response, whereas repea-
ted chemotherapy cycles impaired anti-tumor immune functions in a syngeneic mouse 
model of colon cancer382. Despite the differences in treatment schedules and the small 
sample size, these results are encouraging and we are indeed planning to validate them 
in additional similar cohorts. 

Finally, we tried 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 to 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 patients383 and elevated CXCL1 serum levels at the time of diagnosis 
were indicative of a worse prognosis241. In ovarian cancer, high levels of CXCL1 in serum 
correlated with a poor overall survival384.

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 to recruit cytotoxic T and B cells to the TME in 
different cancers, such as CRC, although a dual anti-tumor and pro-tumor effect have 
been described159,385. 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 metastasis336,386. In vitro activation of CXCR3 by CXCL9 and 
other cognate ligands, facilitates migration, invasion and CRC progression386. Moreover, 
high levels of CXCL9 in the serum of patients with follicular lymphoma were associated 
with higher lung cancer risk369 and with poor prognosis387; similar results were reported 
in patients with nasopharyngeal carcinoma388.
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As commented above, a series of publications demonstrated that CXCL8 promotes 
tumor progression and resistance to different treatments. Previous findings from our 
group showed that the NF-κB-induced CXCL8 release by CRC cells, promotes prolife-
ration and survival through the autocrine activation of the CXCR1/2 receptors, leading 
to oxaliplatin resistance247,389. CXCL8 has been also shown to activate AKT and ERK pa-
thways, induce resistance to apoptosis390 and EMT391. 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 
stages118,247,392,393.

With the results of this thesis, we have demonstrated that chemokines in the serum from 
mCRC treated with OXA-based first-line treatment can be measured by the LUMINEX 
technique. Among all the analyzed chemokines, CXCL13 appears to be the one with 
the strongest 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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06
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.

2. 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.

3. 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.

4. 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 controls. 
‒ 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.

5. According to the results of the in silico analysis in liver metastasis samples from CRC 
patients, increased levels of CXCL13 after treatment 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 signatures 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 treatment 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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