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ABSTRACT

OO

Objectives. Colorectal cancer is responsible for more than two million cases
diagnosed annually. Despite early diagnosis through screening programs and
adequate treatment, 25% of cases are diagnosed with metastatic disease while
up to 50% of patients diagnosed early progress to metastatic disease.
Materials and Methods. The study of 40 patients aims to identify the role of
placental growth factor and heparin-binding growth factor as prognostic tools
for current treatments involving resistance to bevacizumab in metastatic
colorectal cancer. Results. Our results suggested that overall survival was
influenced by serum fibroblast growth factor 1 levels. A cut-off value of
260.71 pg/ml was considered predictive of a disease-free survival/DFS of 6
months to 1 year, while a cut-off value of 117.51 pg/ml was considered
predictive of a better DFS. Regarding placental growth factor involvement,
a serum level of 13.75 pg/ml as a first determination and 11.48 pg/ml after 8
months of chemotherapy and anti-vascular endothelial growth factor therapy
were considered cut-off values for 1- to 3-year overall survival/OS, while
6.45 pg/ml and 8.12 pg/ml levels were considered cut-off levels for 3- to 5-
year OS. Conclusions. The results of the current study detected cutoff levels
that may better predict treatment resistance in advanced-stage colorectal
cancer and poor OS and DFS rates. Serum levels of placental growth factor
and fibroblast growth factor 1 at diagnosis become important prognostic
factors predicting resistance to bevacizumab in metastatic colorectal cancer.
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Introduction

Colorectal cancer (CRC) represents an important health
problem in the world, being the most common digestive
cancer disease, with more than 2 million cases diagnosed
annually that lead to a significant overload of health
systems. Despite early diagnosis through screening
programs, it is still the third leading cause of cancer death
in both men and women [1,2]. Current curative options are
still limited in tumors diagnosed in advanced stages, with
25% of cases being diagnosed with already metastatic
disease. Furthermore, even in cases diagnosed early studies
have shown that 40 to 50% of patients will progress to

metastatic disease despite oncologic treatment [3,4].
Angiogenesis is an essential mechanism for normal tissue
function, but is also an important process involved in tumor
growth and distant dissemination, with malignant cells
requiring new vessels to support their growth and
metastasis. Several factors/molecules have been attributed
to be involved in tumor angiogenesis, such as: vascular
endothelial growth factor (VEGF), platelet-derived growth
factor (PDGF), fibroblastic growth factor (FGF), placental
growth factor (PIGF) and angiopoetin, the last being
currently the most investigated [5-7]. VEGF is considered
the most important regulator of the angiogenic process,
being very well expressed especially in advanced CR
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tumors. PIGF is a member of the VEGF family and has an
important role in tumor angiogenesis, being well correlated
with the density of micro-vessels within the tumor and
cancer progression. FGFs represent a distinct class of
growth factors associated with the proangiogenic
phenotype of CRC [8-10]. Current limited knowledge
implies new studies to discover biomarkers capable of
providing a better understanding of cancer biology,
treatment resistance and prognosis/survival in metastatic
disease [11,12]. Our study aims to identify the role of
ELISA-detected PIGF and FGF1 factors as prognostic
tools for resistance to bevacizumab treatment in metastatic
CRC, literature data being quite limited at this time.

Materials and Methods

Participants, Data Collection and Ethical Statement

A sample of 40 patients with CRC were dynamically
tested for the serum levels of PIGF and FGF1, during
chemotherapy based on bevacizumab. A control set
consisting of 38 non-cancerous patients from the
Gastroenterology Clinic of St. Apostol Andrei County
Emergency Hospital was also tested for PIGF and FGF1
factors. All samples were collected from patients referred
to the Sf. Apostol Andrei County Emergency Hospital for
CRC screening and treatment in the Gastroenterology
clinic, being followed up and treated in the Oncology
Clinic with bevacizumab and anti-VEGF according to the
diagnosis and location/extension of the disease. The
medical history was obtained retrospectively from the
medical records of the hospital.

After collection of serum analyzes and demographic
data, samples were tested for serum levels of PIGF and
FGF1. The obtained data were then analyzed by correlation
with data on overall survival (OS) with and without
symptoms (DFS), treatment, the presence of metastases
and other parameters of interest in CRC disease, using
statistical methods. The study was approved by the Ethics
Committee of Emergency Clinical St Apostle Andrew
Hospital Constanta and by the “Ovidius” University of
Constanta, in respect to all current low regulations.
Participation of subjects was entirely voluntary and written
consent was obtained.

Specimen Collection

PIGF serum testing. Blood samples were collected in
tubes by venipuncture from 40 patients with colorectal
cancer treated with chemotherapy, to determine the
concentration of PIGF (Placental Growth Factor) by the
ELISA method. Serum from blood samples was extracted
by centrifugation at 3000 x g for 30 minutes using SL16R
Thermo Scientific centrifuge and tested for PIGF (Fine
Test, produced by Wuhan Fine Biological Technology Co.
Ltd., with sensitivity < 9.375pg/ml for PIGF and no
significant cross-reactivity or interference between PIGF

and analogs) using an enzyme-linked immunosorbent
assay (ELISA) according to the kits manufacturer's
instructions. The Fine Test kit was intended for detecting
specific antibodies in a sample by ELISA method - (i.e. a
solid phase coated with specific antigen-antibody from the
analyzed sample — labeled antibody). The labeled antibody
(conjugate) is an animal immunoglobulin fraction of
human 1gG conjugated with horseradish peroxidase.
Peroxidase activity is determined in the test by a substrate
containing TMB. Positivity is indicated when the blue
color appears; after stopping the solution has been added,
the blue changed to yellow. The yellow color intensity was
measured by a photometer at 450 nm, and it was
proportional to the concentration of specific IgG antibodies
in the sample.

FGF1 serum testing. Another set of 40 blood samples
were collected from the same patients for FGF1
concentration determination (Heparin-binding growth
factor 1) using the ELISA method. Serum was extracted
from blood samples by the previous explained method.
Subsequent test for FGF1 (Fine Test, produced by Wuhan
Fine Biological Technology Co., Ltd. with sensitivity <
18.75pg/ml for FGF1 and no significant cross-reactivity or
interference between FGF1 or analogs was observed) were
performed. The method used the current recommendations
from the specialized literature on this topic [13].

Statistical Analyses

Statistical analyses were computed using SPSS
Statistics (IBM SPSS Statistics for Windows, Version
23.0). The descriptive statistics (mean, range and
percentage) were computed for continuous variables.
Correlations were nonparametric (Spearman analysis).
Also, we conducted a Kaplan-Meier analysis to compare
the survival probability over a definite timescale between
two groups of patients. The log rank statistics test was used
to compare factor levels. Further, the hazard ratio was
estimated by using a Cox regression model with 95%
confidence intervals.

Results

Socio-demographic and clinical data of the patients
included in the study

The main patient’s demographic characteristics and
tumor samples are presented in Table 1. Of the total of 40
enrolled patients, 24 were men and 16 were women, with a
gender ratio of 1.5 in favor of men.

The median age was 63 years, with no significant
differences between men (median age 62.83 years) and
women (median age 63.25 years) (p>0.5, ns).
Demographics showed interesting results. From the rural
area 14 patients were enrolled, 12 patients being men and
2 patients being women, while of the 26 patients enrolled
from the urban environment, 12 were men and 14 were
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women, the statistics revealing a significant number of
women diagnosed in the environment urban compared to
rural (p=0.0231, ss). The age of the patients from rural was
younger (57.86 years) compared to the age of patients from
the urban area (65.77 years), also having statistical
significance (p=0.0111, ss) (Table 1). In the control group
(38 cancer-free patients) were enrolled 12 man and 26
women. Median age of the patients’ group was 58.97 years,
while the median age for patients in control group was
55.88 years. All patients from the control group were from
urban areas.

Table 1. Patient data and tumor characteristics at the
time of CRC diagnosis

Parameter Soci.al_ data/ Value/
paraclinical data Number
Patients Number 40
Median Age 63 years
Male 24
Gender Female 16
Provenience area Rural 14
Urban 26
Median age at cancer diagnostic 58.9 years
N Colon 25
Cancer localization
Rectum 15
Std 11 1
Cancer stage std 11I/1V 39
Gl 2
Cancer grading G2 38
G3 0
Local invasion 6
Metastases In on_e organ 21
Multiple metastases 19
. ) <6 month 2
S_urwvmg without 6 month-1 year 12
disease signs
> 1 year 26
<1 year 2
Overall surviving | 1-3 years
3-5 years 34
PIGF median value = Measured on 40 patients = 7.41 pg/ml

FGF1 median value = Measured on 40 patients = 160.3 pg/ml

Chemotherapy 34
Treatment :

Chemo + radiotherapy 6

Stationary disease 22
Evolution Incomplete response 8

Progressive disease 10

Of 40 patients with CRC, 25 had colonic cancer (CC)
and 15 rectal cancer (RC) (Table no 1). According to
gender, from the total of 24 male patients, 14 patients had
CC, and 10 patients had RC. Of 16 females, 11 cases had
CC and 5 cases had RC. The median age of patients at the
moment of CRC diagnosis was 58.69 years for male

patients and 59.06 years for female patients. For patients
from rural areas, the median age at cancer diagnosis was
54.14 years and for patients from urban area median age at
cancer diagnosis was 61.46 years, with a significant
difference (p=0.0033, ss). At the time of diagnosis, 39 out
of 40 patients in the study group had stage I11/IV of cancer
(Table 1). Only one male patient was staged Il, enrolled
due to tumor progression during the study period. In the
stage IlI/IV group there were 23 male and 16 female
patients. The histopathological exam identified all cancers
as ADK (adenocarcinoma). There was no case described as
a poorly differentiated tumor. The majority of cases (38
patients) were described as moderately differentiated and
only 2 cases were described as well differentiated. All
cases of well differentiated cancer were female. In the
moderately differentiated category (38 patients) 24 were
male, and 14 female patients; the histopathological
examination identified local invasion in 6 cases from 40
patients. Of those 6 cases, 3 had serous, perineural, and
vascular invasion, and 3 of them had only serous invasion.
Of 3 patients with multiple local invasion (serous, perineural
and vascular) one was male and 2 were female. At the
moment of diagnosis, all patients had lymph node or distant
metastases. 19 patients had multiple distant determinations
(Table 1). Most patients had hepatic metastases (31 cases)
followed by pulmonary metastases (20 cases). Other
localizations were peritoneal (9 cases), bone (2 cases),
lymph nodes (3 cases) and nervous system (1 case).

Survival data during anti-VEGF treatment

Overall survival (OS) rates

At the end of the study follow-up period, 17 of the group
of patients with multiple metastases survived more than 3
years (3-5-year survival group), and 2 patients survived
about 2 years (1-3-year survival group). No patient with
multiple metastases died in the first year after diagnosis.
From the entire patient group, 2 patients with liver metastasis
died in less than 1 year from diagnosis. All patients with
well differentiated tumors survived 3-5 years from
diagnosis. In moderate differentiated cancer category, the
majority of the patients survived 3-5 years from diagnosis
(32 patients), other 4 patients survived 1-3 years, and only 2
patients died in the first year from diagnosis (Figure 1).

survival acording to tumoral grading
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V] 0 0 o V]

poor differentiated moderately differentated well differentiated

<1vyear 1-3 years 3-5years

Figure 1. Survival according to tumoral grading

177



Adrian P. Suceveanu et al.

Disease-free survival (DFS) rates

Disease-free survival followed the OS trend. The
majority of patients with moderately differentiated tumors
survived without signs of disease more than 1 year, 12
survived without disease 6 month to 1 year and only 2
survived without disease signs less than 6 month. In the case
of well differentiated tumors, both patients survived without
disease signs more than 1 year. All patients were under
treatment at the onset of the study. 34 patients received
chemotherapy in the form of FOLFOX or FOLFIRI
regimens plus bevacizumab, while 6 patients received
chemo-radio associated therapy (Table 1). During the study
period, 22 patients had stationary disease, 8 had incomplete
response, and 10 of them had progressive disease. The test
for equality of survival distributions showed a significant
difference (X2 (1, 40) = 6.586, p = 0.010) between the group
of patients with rectal cancer receiving chemo-radiotherapy
plus bevacizumab as treatment (67% probability of survival
after 24 months) and the group only receiving chemotherapy
plus bevacizumab (9% probability of survival after 24
months). Thus, the patients with rectal cancer benefiting
from the complex treatment had a survival probability with
58% higher (Figure 2).
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Figure 2. Survival curve evaluated on a 24 months
period for the RC patients that benefited from two
different treatments: chemotherapy and a combination
between chemotherapy and radiotherapy

The Cox regression indicated that the presence of
multiple metastases did not predict the hazard for death (B =
-0.462, SE = 0.427, p = 0.279), and neither did the age (B =
-0.033, SE = 0.021, p = 0.125). Thus, the only significant
predictor is the treatment (B = 1.907, SE = 0.799, p =0.017).

PIGF values data and dynamics

The test group had 40 patients enrolled. All patients had
PIGF measured at baseline. After 8 months, PIGF was
measured again for a dynamic evolution of this parameter.
At this time, only 23 patients had a second PIGF
measurement. At the time of first determination, the median
value for PIGF was 7.41 pg/ml. The median value was
calculated on the entire lot of 40 patients. The control lot had
38 patients and only one measurement of PIGF. Median
value was 4.02 pg/ml. As observed, value of PIGF in the test
group was almost double compared to that of control group.
At second measurement, on 23 patients, the median value of

PIGF was 8.71 pg/ml. The median value of PIGF at the first
measurement, calculated on 23 patients, was 7.71 pg/ml. As
described, value of PIGF was rising from the first to the
second measurement. Between the two determinations of
PIGF, there was a positive correlation, but no statistically
significant correlation (r (48) = 0.400, p = 0.058) (Table 2).

Table 2. Spearman’s correlations between first and
second PIGF measurements

, PIGF — second determination
Spearman’s rho

value
Correlation . .
. Sig. (2-tailed
PIGF — initial value  Coefficient 9 ( )
.400* .005

* Correlation is significant at the 0.05 level (2-tailed)

Patients had metastases from the beginning of treatment.
This increasing value of PIGF may be due to the
development of metastases, despite the treatment that clearly
slowed the progression of the disease.

All patients who underwent two PIGF measurements
survived more than 1 year. In the group of patients with
overall survival (OS) 1-3 years, PIGF values decreased from
the first to second measurement. The median value at first
measurement was 13.75 pg/ml, while the second
measurement was 11.48 pg/ml. In the group of patients with
OS more than 3 years (3-5 years), PIGF values raised from
first to second determination. At the first measurement PIGF
was 6.45 pg/ml and at the second measurement, the median
value was 8.12 pg/ml. Despite these observations, the values
of PIGF in patients surviving 1-3 years were higher than
those of patients surviving 3-5 years (p=0.044, ss,
respectively p=0.029, ss) (Figure 3).

Values of PIGF according to surviving periods of time

13.75

11.48

<lyear 13years 35 years

PIGF - 1st value PIGF - 2nd value

Figure 3. PIGF values according to survival time
periods

When analyzing data for patients’ disease-free survival
(DFS), we noticed that patients that had two PIGF
measurements survived more than 6 months without signs of
disease. In terms of DFS, patients were split in two
categories: DFS of disease 6-month - 1 year and DFS more
than 1 year. The values of serum PIGF raised from the first
to second measurement in both groups. For category with
DFS 6 month-1 year, the median value of PIGF was 10.00
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pg/ml and the second was 10.63 pg/ml. In the category of
DFS longer than 1 year, the median value for PIGF was at
first measurement 6.49 pg/ml and at second measurement
7.68 pg/ml.

Variation over time of FGF1 values

Patients enrolled (40) had first FGF1 measurement at the
initiation of the treatment. After 8-month FGF1 was
measured again (for dynamic evolution). Only 23 patients
undergo the second FGF1 measurement. At first
determination median value for FGF1 was 160.36 pg/ml.
Median value was calculated on entire lot of 40 patients. The
control lot had 38 patients and only one measurement of
FGF1. The median value was 30.19 pg/ml. Comparing the
test group with the control group, we can observe that the
FGF1 value was 5 times higher in the test group. At second
measurement, on 23 patients, the median value of FGF1 was
175.67 pg/ml. The median value of FGFl at first
measurement, calculated on 23 patients, was 167.32 pg/ml.
As seen, value of FGF1 had an increase from the first to
second measurement. Between the two determinations of
FGF1 was identified a statistically significant positive
correlation (r (48) = 0.635, p = 0.001) (Table 3).

Table 3. Spearman’s correlations between first and
second FGF1 measurements

, FGF1 — second determination
Spearman’s rho

value
Correlation . .
. Sig.(2-tailed
FGF1 - initial value ~Coefficient 9:( )
.635** .001

** Correlation is significant at the 0.01 level (2-tailed)

All patients who underwent two FGF1 measurements
survived more than 1 year. In the group of patients with
overall survival 1-3 years, FGF1 values decreased from the
first to second measurement. Median value at first
measurement was 224.77 pg/ml, and at second measurement
it was 165.11 pg/ml (p=0.0021, ss). In the group of patients
surviving more than 3 years (3-5 years), the FGF1 values
raised from the first to second determination. At the first
measurement FGF1 was 155.22 pg/ml and at the second
measurement median value was 177.90 pg/ml (p=0.058, ns)
(Figure 4). We detected a significant difference between the
serum median values in both determinations, between the
two groups with different OS, meaning 1-3 years,
respectively 3-5 years (p=0.0039, ss, respectively, p=0.011,
ss).

When analyzing data for DFS we can notice that patients
having two FGF1 measurements survived more than 6
months without signs of disease. In both categories
(surviving without signs of disease 6 months - 1 year
category and more than 1 year category) median values of
FGF1 raised from the first to second measurement. For the
category with DFS ranging from 6 months - 1 year, the

median value of the first determination of FGF1 was 260.71
pg/ml and the second was 282.58 pg/ml, with a small
increase (p>0.05, ns). In the category of DFS longer than 1
year, the median value for FGF was at first measurement
117.51 pg/ml and at second measurement was 118.66 pg/ml,
with no significant value (p>0.05, ns). Comparing the results
according to the length of DFS, we detected significant
differences between the first and second determination in
our two groups of patients (p=0.0144, ss for the first median
serum value, respectively 0.006, ss for the second median
serum value).

FGF1 values acording to survival periods of time
250
224.77

200 177.9

165.11
155.22

150
100

50

<1year 1-3years 3-5 years

FGF1 - 1st value FGF1 - 2nd value

Figure 4. PIGF values according to survival time
periods

Discussions

Despite tremendous efforts to decrease the incidence
and mortality rates of CRC, it is still the third leading cause
of cancer for both men and women, with 2 million cases
diagnosed in 2020 [14,15]. The screening strategies only
improved the discovery of precancerous CR adenomatous
polyps or tumors in curative stages [16-19]. The advanced
CRC still remains a challenge for worldwide physicians,
The International Agency for Research on Cancer (IARC)
estimates a pessimistic outlook, the global incidence of
CRC raising with 56% between 2020 and 2040, reaching
around 3 million new cases per year. The mortality rates
were estimated to increase even more, with 69% until
2040, this meaning about 1.6 million deaths worldwide
[20-22]. Most of this increase is expected to occur in
developed countries, with a high Development Activity
Index, where independent risk factors for CRC occurrence,
as alcohol and tobacco consumption, diabetes mellites or
obesity are dramatically increasing [23,24]. On this setting,
research is focused on detecting prognostic factors to avoid
the resistance to treatment, to improve current therapeutic
strategies and to open new perspectives for targeted
treatments. Even 10 years after the FDA approval of the
first anti-VEGF, bevacizumab, resistance to anti-VEGF
treatments still remains a challenge for physicians. The
mechanisms of resistance are not yet completely
understood. The involvement of PIGF in CRC progression
was already studied and published by several authors.
Using immunohistochemistry analysis of tumor tissue
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samples, researchers demonstrated that PIGF over-
expression was more frequently present in lymph node and
distant metastatic disease, being correlated with a poor
prognosis [25-27]. Other authors demonstrated that the
serum PIGF levels may serve as prognostic tool in non-
metastatic CRC, too [28]. Moreover, the specialized
literature lacks data regarding the dynamic prognostic
values of serum PIGF levels during anti-VEGF therapy
with bevacizumab.

The results of our study showed that serum levels of
PIGF (measured by ELISA technique) in patients with OS
of 1-3 years were significantly higher than those of patients
with OS of 3-5 years (p=0.044, ss, respectively p=0.029,
ss). A serum level of 13.75pg/ml as a first determination
and 11.48 pg/ml after 8 months of chemo and anti-VEGF
therapy were considered cut-off values for OS of 1 to 3
years in advanced CRC, while 6.45pg/ml and 8.12pg/ml
levels were considered cut-off levels for OS of 3 to 5 years.
Despite the fact that the second determination revealed an
increase of the PIGF serum value in the group of patients
with prolonged survival over 3 years, these results had no
impact on OS in our study group. In addition, for the
category of 6 month 1-year DFS, first median value of
PIGF was 10.00 pg/ml and second was 10.63 pg/ml, while
in category of DFS more than 1 year, the median value for
PIGF was at first measurement 6.49 pg/ml and at second
measurement 7.68 pg/ml; such data were considered cut-
off values for better prognosis during complex treatment in
advanced CRC disease. By these results, our study
confirms the prognostic value of serum PIGF level in
advanced CR tumors and becomes a facile tool to monitor
the response to anti-VEGF treatment. Moreover, serum
PIGF level combined with FOBT tests used in screening
strategies seems to be a reasonable alternative for those
subjects who are reluctant to stool-based screening
methods and who have been tested as FOBT negative. This
biomarker is useful not only as an indicator in the evolution
of unfavorable prognosis, but also as a tool for early
diagnosis of the disease [29-31].

Referring to the aberrant expression of FGF-1 in CRC,
studies suggest that overexpression of the FGFR-1 gene is
correlated with the occurrence of liver metastases. As a
consequence, the overexpression of this gene might be
used as a predictor of liver metastasis in patients with CRC
[32,33]. Looking further, our study demonstrated that the
serum level of FGF-1 becomes an easier and easier tool to
predict the worse course and the occurrence of metastases
in CRC. The ELISA method performed in the serum of our
CRC patients revealed interesting results. Thus, all CRC
patients treated with chemotherapy in combination with
anti-VEGF and who underwent two FGF1 measurements
survived more than 1 year. In the group of patients with OS
1-3 years, FGF1 values decreased significantly (p=0.0021,
ss). In the group of patients with OS more than 3 years (3-
5 vyears), FGF1 values raised from first to second

determination, but with a low statistical significance
(0.058, ns). Our results suggested that OS was influenced
by serum FGF-1 overload in both circumstances, that is, at
diagnosis and during chemo and anti-VEGF treatment
(p=0.0039, ss, respectively, p=0.011, ss). A cut-off value
of 155.22 pg/ml was considered predictive for a OS of 3 to
5 years, before anti-VEGF treatment. In the same time, a
cut-off value of 177.90 pg/ml after 8 months of chemo and
anti-VEGF therapy was considered enough to provide a OS
of 3-5 years.

Median values higher than 224.77 pg/ml, as we obtained
in the group with OS of 1-3 years, were considered for a
worse prognosis even if during treatment the value was
significantly improved. Regarding DFS, results showed that
FGF1 values increased from the first to the second
measurement in both categories of patients. Comparing the
outcome according to DFS duration, we detected significant
differences between the first and second determination
between the two groups of patients (p=0.0144, ss for the first
median serum value, respectively 0.006, ss, the second
median serum value). The cut-off value of 260.71 pg/ml was
considered predictive for a DFS of 6 months to 1 year, while
a cut-off value of 117.51 pg/ml was considered predictive
for a better DFS. A better understanding of the predictive
factors for the success of anti-VEGF treatment in metastatic
colorectal cancer may therefore help to optimize therapeutic
management and increase patient safety [34-36].

Conclusions

Both evaluated serum parameters, namely PIGF and
FGF-1, were useful in confirming the proposed objectives
for this study. The results of the current study detected
cutoff levels that may better predict treatment resistance in
advanced-stage CRC and poor OS and DFS rates. Serum
levels of PIGF and FGF-1 at the time of diagnosis become
important prognostic factors predicting resistance to
bevacizumab (AVASTIN) in advanced/metastatic CRC.

Highlights

v" Prognostic Biomarkers in Metastatic CRC: This study
focuses on the under-investigated prognostic roles of
placental growth factor (PIGF) and fibroblast growth
factor 1 (FGF1) identified by ELISA techniques in
patients with metastatic colorectal cancer (CRC)
undergoing treatment with bevacizumab.

v Insights for Improved Outcomes: By highlighting the
roles of PIGF and FGF1, the data obtained in this study
provide valuable information on disease prognosis,
treatment resistance and overall survival in advanced
CRC. Such an exploration of new biomarkers seems to
be a promising perspective for the further development
of treatment strategies able to improve the therapeutic
outcomes of patients with metastatic CRC.
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