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Abstract

In this study, we aimed to investigate the associations of genetic variations 
within select genes functioning in angiogenesis, lymph-angiogenesis, and me-
tastasis pathways and the risk of outcome in colorectal cancer patients. We 
followed a two-stage analysis: First, 381 polymorphisms from 30 genes (eight 
Vascular Endothelial Growth Factor (VEGF) and 22 Matrix Metalloproteinase 
[MMP] genes) were investigated in the discovery cohort (n  =  505). Then, 16 
polymorphisms with the lowest P-value in this analysis were investigated in a 
separate replication cohort (n  =  247). Genotypes were obtained using the Il-
lumina® HumanOmni-1-Quad (discovery cohort) and Sequenom MassArray® 
(replication cohort) platforms. The primary outcome measure was overall survival 
(OS). Kaplan–Meier, univariate and multivariable Cox regression methods were 
used to test the associations between genotypes and OS. Four SNPs (rs12365082, 
rs11225389, rs11225388, and rs2846707) had the univariate analysis P  <  0.05 
in both the discovery and replication cohorts. These SNPs are in linkage disequi-
librium with each other to varying extent and are located in the MMP8 and 
MMP27 genes. In the multivariable analysis adjusting for age, stage, and mi-
crosatellite instability status, three of these SNPs (rs12365082, rs11225389, 
rs11225388) were independent predictors of OS (P  <  0.05) in the discovery 
cohort. However, the same analysis in the replication cohort did not yield sta-
tistically significant results. Overall, while the genetic variations in the VEGF 
and MMP genes are attractive candidates as prognostic markers, our study 
showed no evidence of associations of a large set of SNPs in these genes and 
overall survival of colorectal cancer patients in our study.
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Introduction

Survival outcomes in colorectal cancer patients may be 
modified by a variety of factors, including genetic factors. 
Genetic variations of the genes that are biologically related 
to tumor progression and cancer-related death, such as 
those acting in angiogenesis, lymph-angiogenesis and 
metastasis pathways, are candidate prognostic 
biomarkers.

Angiogenesis (i.e., growth of new blood vessels) is a 
vital process with roles in development, reproduction 
(e.g., menstrual cycle), and tissue repair (e.g., wound 
healing). Abnormalities in angiogenesis during carcino-
genesis can lead to neovascularization that can facilitate 
local tumor growth, invasion, and disease progression. 
Similarly, lymph-angiogenesis (i.e., growth of new lymph 
vessels) is essential for metabolism as well as proper 
immune system function; however, in cancer, it helps 
with dissemination and increased metastatic capacity of 
tumor cells. The vascular endothelial growth factors 
(VEGFs) and their receptors (VEGFRs) are key players 
in these two pathways [1–3]. Among the VEGF genes, 
VEGFA seems to be a hot research topic, expression and 
polymorphisms of which are frequently studied by cancer 
researchers [4–7]. A number of polymorphisms exist in 
or around the VEGFA gene, among which five polymor-
phisms are worth mentioning: T-1498C T/C (also called 
-460T/C; rs833061), -1154G/A (rs1570360), and -2578C/A 
(rs699947) in the promoter region, -634G/C in the 5′-
UTR (also called +405  G/C; rs2010963), and +936C/T 
in the 3′-UTR (rs3025039). A meta-analysis has found 
that the minor allele of one of these polymorphisms, 
+405G>C (rs2010963), was associated with better survival 
in different cancers [8]. These and other findings [9–11] 
show the importance of VEGF genes in cancer mortality 
and biomarker research.

Following angiogenesis/lymph-angiogenesis, metastasis 
(i.e., movement of cancer cells via blood or lymphatic 
circulation and formation of secondary tumors at distant 
organs) is likely to occur. A number of genes and gene 
families have roles in this process. Among these, genes 
encoding the matrix metalloproteinases (MMPs) are well-
studied. MMPs are a family of endopeptidases with multi-
faceted roles and best known for their ability to degrade 
the components of the extracellular matrix such as col-
lagen, gelatin, and fibronectin. Because of this function, 
MMPs are linked to many phenotypes, such as neurological 
conditions [12] and inflammatory bowel disease [13]. In 
cancer, MMPs have two important roles: they help with 
the metastasis of cancer cells (through manipulating the 
extracellular matrix) and some MMPs also have proan-
giogenic and/or anti-angiogenic roles [14]. These functions 
of MMPs make them critical in metastatic disease [14, 

15]. Although they are not studied as intensely as the 
VEGFs, a limited number of studies have evaluated and 
suggested a role for the MMP genes as prognostic bio-
markers [16–20].

Together with the fact that tumor invasion and metas-
tasis are responsible for the majority of the cancer-related 
deaths, previous findings suggest the importance of the 
genes acting in angiogenesis, lymph-angiogenesis, and 
metastasis processes in patient survival. The objective of 
this study was to test association of survival outcomes in 
colorectal cancer patients and genetic polymorphisms from 
five VEGF ligand genes (VEGFA, VEGFB, VEGFC, VEGFD, 
PGF), three VEGF receptor genes (FLT1, KDR, FLT4), 
and 22 human matrix metalloproteinase (MMP) genes 
that function in angiogenesis, lymph-angiogenesis, or 
metastasis pathways. Three hundred and eighty-one SNPs 
were first examined in relation to overall survival in the 
discovery cohort of patients (n  =  505). Sixteen SNPs with 
the lowest P-values were then investigated in an additional 
cohort of colorectal cancer patients (replication cohort; 
n  =  247). As an exploratory analysis, disease-free survival 
analysis was also performed in the discovery cohort.

Materials and Methods

Patient cohorts

Discovery cohort

The discovery cohort was described previously [21]. In 
short, it consisted of 505 Caucasian patients recruited to 
the Newfoundland Colorectal Cancer Registry (NFCCR). 
NFCCR collected 736 colorectal cancer patients diagnosed 
with this disease between 1999 and 2003 [22, 23]. 
Demographic, clinical and treatment-related features as 
well as the outcome data were previously collected by 
this registry. The date of last follow up in this cohort 
was 2010 [24]. Among the 736 patients, the genomic 
DNAs (extracted from peripheral blood samples) were 
available for 539 patients; these patients were included 
in our large-scale SNP genotyping experiments [21] (please 
see below - SNP genotype data and selection of genes 
and polymorphisms).

Validation cohort

Patients in this cohort were diagnosed with colorectal 
cancer between 1998 and 1999 in Newfoundland [24]. 
There were 280 patients with clinical data collected during 
this period. However, DNA samples were available only 
for 247 patients; these patients constituted the replication 
cohort. In this cohort, the DNA samples were extracted 
from either peripheral blood samples (n  =  40) or the 
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nontumor colon or rectum tissues obtained during the 
surgery (n  =  207). Table  1 summarizes the baseline vari-
ables for this cohort.

Ethics statement

In the discovery cohort, patients or close relatives (if the 
patient had deceased) gave written informed consent prior 
to participation. The majority of the patients in the vali-
dation cohort were not consented to, however, the Human 
Research Ethics Authority (HREA) of Newfoundland has 
waived the need for consent for these patients. This par-
ticular study was approved by the HREA prior to the 
start of the study (#12.206, #10.133).

SNP genotype data and selection of genes 
and polymorphism

Discovery cohort

Patient genomic DNAs were genotyped using the 
Illumina® human Omni1-Quad genome-wide SNP geno-
typing platform (by the service provider Centrillion 
Bioscience, CA, USA) as part of a previous genome-wide 
project. A series of quality control and inclusion–exclu-
sion criteria were implemented on the genotype data; 
these were described in an earlier publication on the 
discovery cohort [21]. In brief, patients who (1) had 
dis-concordant sex information (based on the genetic 
data vs. the self-reported sex); (2) had extreme mean 
heterozygosity rate; (3) had first, second, or third degree 
relatives in the cohort; and (4) had non-Caucasian ances-
try were excluded (total 24 patients). In the end, 505 
out of 539 patients who satisfied the quality control and 
inclusion measures constituted the study cohort [21]. 
Baseline clinical and pathological characteristics of the 
cohort is shown in Table  1.

For this project, 31 genes from angiogenesis, lymph-
angiogenesis, and metastasis pathways were selected. The 
hg19 genome coordinates of each gene were retrieved from 
the UCSC genome browser [25]. This information was 
then used by the PLINK software [26] to retrieve the 
SNPs located within these gene regions and their associ-
ated information using the patient genotype files. During 
this step, the following quality control and inclusion 
measures were implemented: SNPs that deviated from 
Hardy–Weinberg Equilibrium (HWE; P  ≤  0.0001), SNPs 
with >5% missing genotype data, and SNPs with minor 
allele frequencies (MAFs) <5% were excluded. As a result, 
a total of 381 common polymorphisms (380 substitutions 
and one indel polymorphism) located in 30 genes were 
identified. For simplicity, we refer to all of these poly-
morphisms as SNPs in this manuscript. Table S1 shows 
the list of selected genes and the number of SNPs/gene 
examined in this study; except MMP23B there was at 
least one SNP/gene examined. We note that, previously 
two of these polymorphisms, VEGFA_rs2010963 and 
VEGFA_rs3025039, were analyzed in relation to overall 

Table 1. Baseline variables of the discovery and replication cohorts.

Characteristic
Discovery cohort 
n (%)

Replication cohort 
n (%)

Sex
Female 198 (39.2) 116 (47.0)
Male 307 (60.8) 131 (53.0)

Histology
Nonmucinous 448 (88.7) 209 (84.6)
Mucinous 57 (11.3) 38 (15.4)

Location
Colon 334 (66.1) 198 (80.2)
Rectum 171 (33.9) 49 (19.8)

Stage
I 93 (18.4) 46 (18.6)
II 196 (38.8) 86 (34.8)
III 166 (32.9) 68 (27.5)
IV 50 (9.9) 40 (16.2)
Unknown 0 (0) 7 (2.8)

Grade
Well/moderately  
differentiated

464 (91.9) 207 (83.8)

Poorly differentiated 37 (7.3) 37 (15.0)
Unknown 4 (0.8) 3 (1.2)

Vascular invasion
Absent 308 (61.0) n/a
Present 159 (31.5) n/a
Unknown 38 (7.5) n/a

Lymphatic invasion
Absent 298 (59.0) 63 (25.5)
Present 167 (33.1) 99 (40.1)
Unknown 40 (7.9) 85 (34.4)

Familial risk
Low risk 250 (49.5) n/a
Moderate/high risk 255 (50.5) n/a

MSI status
MSI-L/MSS 431 (85.3) 224 (90.7)
MSI-H 53 (10.5) 23 (9.3)
Unknown 21 (4.2) 0 (0)

Braf Val600Glu mutation
Absent 411 (81.4) n/a
Present 47 (9.3) n/a
Unknown 47 (9.3) n/a

Adjuvant 5-FU-based chemotherapy status
Not given 230 (45.5) 160 (64.8)
Given 261 (51.7) 69 (27.9)
Unknown 14 (2.8) 18 (7.3)

Adjuvant radiotherapy status
Not given 364 (72.1) n/a
Given 124 (24.6) n/a
Unknown 17 (3.4) n/a

The median age for the discovery and validation cohorts were 
61.43  years (range: 20.7–75) and 68.76  years (range: 25.3–91.6), 
respectively. 5-FU, 5-Fluorouracil; MSI-H, microsatellite instability-high; 
MSI-L, microsatellite instability-low; MSS, microsatellite stable; n, num-
ber; n/a, not available.
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and disease-free survivals in a NFCCR patient cohort 
highly similar to the discovery cohort patients [24].

Validation cohort

Sixteen SNPs that had the smallest P-values in the uni-
variate analysis of the discovery cohort were genotyped 
in the validation cohort patients using the Sequenom 
MassArray® technique at a service provider (Clinical 
Genomics Centre, Mount Sinai Hospital, Toronto, 
Canada). Fifteen DNA samples were genotyped twice (6%) 
and in all cases the genotypes obtained were identical. 
All SNPs in this cohort had MAFs ≥5% and their geno-
type frequencies were in HWE equilibrium (calculated 
by R [27]).

Statistical analyses

Outcome measure

In this study, the endpoint of interest was death from 
any cause. The outcome measure, overall survival (OS), 
was defined as the time (in years) between the date of 
initial diagnosis of colorectal cancer and the date of death, 
or the last date of patient contact. We also performed 
an exploratory analysis for the disease-free survival (DFS) 
in the discovery cohort, which was defined as the time 
from diagnosis of colorectal cancer till the time of recur-
rence, metastasis, or death (whichever occurred earlier).

In the discovery cohort, the number of events for OS 
and DFS were 170 (33.7%) and 200 (39.6%), respectively; 
event status was missing in the OS and DFS data (one 
patient each), and the remaining patients were event-free 
at the time of last contact. The number of deaths in the 
validation cohort was 153 (62%). The median follow-up 
time for OS in the discovery and validation cohorts were 
6.36  years (range: 0.38–10.88) and 5.21  years (range: 
0–12.48), respectively.

Prescreening of SNPs and selection of genetic 
models

The chances of finding an association are higher when a 
SNP is examined under the right genetic model [28]. That 
is why we first prescreened the SNPs prior to statistical 
analyses and estimated appropriate genetic models for indi-
vidual SNPs by constructing Kaplan–Meier survival curves 
under the codominant genetic model (where the patients 
were categorized into three groups based on their genotypes; 
AA  =  major allele homozygous, Aa  =  heterozygous, and 
aa  =  minor allele homozygous). Inspection of the Kaplan–
Meier curves was then done (by L.A. D. and S.S) to estimate 
the best genetic model (dominant, recessive, codominant, 

or additive models) that may best fit a polymorphism [29]. 
Specifically, for each SNP, the genetic model(s) that best 
fits the curve pattern and maximizes the chances of curve 
separation was estimated. When multiple genetic models 
were estimated for a SNP, the best genetic model was 
determined by univariate Cox regression analysis; whichever 
genetic model generated the lowest P-value was deemed 
to be the best genetic model for that SNP. When there 
were not sufficient number of patients with the minor 
allele homozygous genotype (n  ≤  10), dominant genetic 
model was considered. A SNP was excluded from further 
analysis when the curves did not separate clear enough to 
estimate a genetic model or when they crossed each other 
at multiple times. This analysis excluded 91 and 72 SNPs 
from OS and DFS analyses, respectively. Of note, for each 
of the excluded SNPs, the log-rank P-values were >0.120 
indicating that this prescreening step did not exclude SNPs 
with potential associations. For the interested readers, the 
Kaplan–Meier curves for 381 SNPs in OS and DFS analyses 
are shown in Tables S2–S7.

Survival analyses

Univariate Cox regression analysis was performed to test 
the association of clinical outcomes with (1) the SNPs 
under their estimated genetic models, and (2) the baseline 
clinicopathological, molecular, and treatment-related fea-
tures in the discovery cohort.

In the latter analysis, the variables that had a univariate 
analysis P  <  0.05 were selected as baseline variables to 
construct multivariable models for OS and DFS separately; 
those variables that remained significant (P  <  0.05) in 
these models were used to adjust for the genotypes during 
the multivariable analyses. Spearman’s correlation test was 
performed prior to this analysis to determine whether 
the baseline variables investigated in the discovery cohort 
were correlated with each other; two variables were deemed 
to be highly correlated if the correlation score (rs) was 
≥0.8. As a result of this analysis, lymphatic and vascular 
invasion (rs  =  0.963), and adjuvant chemotherapy and 
adjuvant 5-FU-chemotherapy status (rs   =  0.992) were 
found to be highly correlated in the patient data. Among 
these correlated variables, the one with the less significant 
P-value in the univariate analysis and with more missing 
data (i.e., lymphatic invasion and adjuvant chemotherapy) 
were excluded from the multivariable analyses.

After these analyses, disease stage and microsatellite 
instability (MSI) status were the variables that remained 
significant in the baseline models for both OS and DFS. 
Although age was not significantly associated with OS in 
the univariate analysis, since it is a well-established prog-
nostic factor, it was included in the OS multivariable 
analyses.
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Possible correlation between SNPs as well as the SNPs 
and categorical covariates in the multivariable models (i.e., 
stage and MSI status) was assessed by the Spearman’s 
correlation test. The differences between the baseline char-
acteristics of the discovery and replication cohorts were 
assessed using the Pearson’s X2 test (categorical variables) 
or Mann–Whitney U test (age).

In the replication cohort, the univariate and multivari-
able Cox regression analyses for OS were applied to the 
top 16 SNPs using the same genetic model in the discovery 
cohort analysis. Within these 16 SNPs, in addition to the 
MMP27_rs11225388, MMP27_rs11225389, and MMP8_
rs12365082, two other SNPs were in high linkage disequi-
librium (LD) with each other (VEGFC_rs2877961 and 
VEGFC_rs7664413; Spearman’s rs  =  0.985). P-values 
reported in the replication cohort analyses are one-sided.

Statistical analyses were conducted using IBM SPSS, 
(NY, USA) unless stated otherwise.

We computed the power of the 505 samples in the 
discovery cohort. Assuming a SNP in LD (D’  =   1) with 
a risk allele frequency 0.3, we have at least 0.80 power 
to detect nominal significant association at P  =   0.001 
under a dominant model with moderate effect size of 
HR 1.55. For the validation cohort with 247 samples, to 
verify an association with the same assumptions and at 
P  =  0.01 significance level, the statistical power is 0.81.

Bioinformatics analyses

The rs numbers of MMP27_rs2846707, MMP27_
rs11225388, MMP27_rs11225389, and MMP8_rs12365082, 
were entered in the RegulomeDB database [30] using the 
default conditions to recruit information about their 
potential regulatory functions. PolyPhen-2 [31] was used 
to estimate functional consequences for the amino acid 
substitution (Met30Val; rs2846707) in the MMP27 
protein.

Results

The results of the Cox univariate regression analysis for 
overall survival in the discovery cohort are summarized 
in Table S8.

After this analysis, 16 SNPs with the lowest P-values 
(all P  <  0.05) in the discovery cohort were genotyped 
and investigated in the replication cohort. As also shown 
in Table  2, out of 16 SNPs, only four SNPs had univari-
ate analysis P  <  0.05 in the validation cohort: MMP27_
rs2846707, MMP27_rs11225388, MMP27_rs11225389, and 
MMP8_rs12365082. Therefore, these four SNPs were the 
only ones that had a significance value < 0.05 in both 
cohorts. According to our results, patients with the geno-
types that contained the minor alleles (A allele in the 

cases of MMP27_rs2846707, MMP27_rs11225389, and 
MMP8_rs12365082, and G allele in the case of MMP27_
rs11225388) had lower risk of death compared to the 
patients with the major allele homozygous genotypes. In 
both cohorts, the direction of effect was identical (i.e., 
reduced risk of death was associated with the minor allele 
homozygous and heterozygous genotypes). Figure S1 shows 
the Kaplan–Meier curves for these SNPs obtained in the 
discovery and replication cohorts.

The genomic region containing the MMP27_rs2846707, 
MMP27_rs11225388, MMP27_rs11225389, and MMP8_
rs12365082 polymorphisms is depicted in Figure S2. Three 
SNPs were in almost complete linkage disequilibrium in 
both the discovery and replication patient cohorts 
(MMP27_rs11225388, MMP27_rs11225389, and MMP8_
rs12365082; the minimum Spearman’s rs between any two 
polymorphisms in either cohort was 0.99), while MMP27_
rs2846707 had a somewhat different profile (rs  =  0.8 and 
0.68–0.69 in the discovery and replication cohorts, respec-
tively). They are also common polymorphisms with minor 
allele frequencies of 24–28% (Table  2). As of May 9, 
2016 there were no literature reports about these SNPs. 
Only one of these SNPs substitute the amino acids encoded 
by these genes; MMP27_rs2846707 (NP_071405.2:p.
Met30Val); this polymorphisms was predicted as a benign 
substitution by PolyPhen-2 [31]. According to the dbSNP 
[32] and RegulomeDB [30] databases, MMP8_rs12365082 
is located in the 3′-UTR of MMP8 and with no potential 
regulatory function noted; and MMP27_rs11225388 and 
MMP27_rs11225389 are located in an intron and 5′-UTR 
of MMP27, respectively, both with minimal regulatory or 
protein-binding potential. There was no RegulomeDB data 
available for MMP27_rs2846707.

Univariate analyses were followed by the multivariable 
analysis of the top 16 SNPs (Table  3). When adjusted 
for stage, MSI status, and age at diagnosis, there were 
10 SNPs, including MMP27_rs11225388, MMP27_
rs11225389, and MMP8_rs12365082 polymorphisms (but 
not MMP27_rs2846707), that showed an independent 
association with overall survival in the discovery cohort. 
However, in the analysis of replication cohort, no sig-
nificance was detected for any of the 16 SNPs examined 
(Table  3). Also, none of the SNPs in Table  2 were cor-
related with stage or MSI in either the discovery or the 
replication cohorts.

As a secondary analysis, we also performed Cox uni-
variate regression analysis for disease-free survival in the 
discovery cohort (Table S8; the results for the top 16 
SNPs are also tabulated in Table S9). Interestingly, the 
lowest P-values in this analysis were obtained for the 
MMP27_rs11225388 and MMP27_rs11225389 polymor-
phisms. Similar to the OS analysis, the minor allele-
containing genotypes were associated with the reduced 
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risk of recurrence, metastasis, or death in the discovery 
cohort (P  =  0.002, HR: 0.637, 95% CI: 0.478–0.848 for 
both polymorphisms). When adjusted for stage and MSI, 
similar results were obtained (P  =  0.002, HR: 0.630, 95% 
CI: 0.469–0.846; Table S9).

Finally, the comparison of the baseline characteristics 
used for adjustment in the multivariable analyses showed 
that the median age of diagnosis in the replication cohort 
was significantly higher than the discovery cohort 
(P  <  0.001), whereas the proportions of stage (P  =  0.054) 
and MSI (P  =  0.492) were comparable between the two 
cohorts. We hypothesized that the age differences between 
the two cohorts could be the reason for the nonreplica-
tion of the discovery cohort results in the multivariable 
modeling of the replication cohort. Thus, we repeated the 
analysis for the patients ≤75 years of age in the replication 
cohort (similar to the discovery cohort; n  =  164). Again, 
significance levels could not be reached for the MMP27_
rs2846707, MMP27_rs11225388, MMP27_rs11225389, and 
MMP8_rs12365082 polymorphisms (data not shown).

Discussion

It is well recognized that the induction of angiogenesis 
(generation of new blood vessels) and lymph-angiogenesis 
(generation of new lymphatic vessels) around the solid 
tumors have critical roles in their growth and invasive 
character, and thus the disease progression. Unfortunately, 
these processes are also linked to metastasis as they 
provide the vascular and lymphatic routes for tumor 
cells to move to and form metastases at distant sites 
[2, 33, 34]. Metastasis is a multi-step and complex pro-
cess requiring alterations in the tumor microenvironment, 
particularly degradation of the extracellular matrix that 
serves as a physiological barrier for the tumor cell inva-
sion. Not surprisingly, progressed and metastatic cancers 
are more difficult to manage compared to localized/early 
stage cancers, almost always associated with poor patient 
prognosis, and responsible for the majority of the cancer-
related deaths. These highlight the importance of exam-
ining the angiogenesis, lymph-angiogenesis, and metastasis 
pathway genes in cancer survival studies.

These three biological processes are regulated by a 
number of genes, among which the Vascular Endothelial 
Growth Factor (VEGF) and Matrix Metalloproteinase 
(MMP) families are the most studied ones. VEGF ligands 
and receptors interact with each other to initiate signaling 
cascades and binding of different VEGF ligands and recep-
tors leads to different intracellular response [1]. For exam-
ple, binding of VEGFA to FLT1/VEGFR1 or KDR/VEGFR2 
receptors promotes angiogenesis. On the other hand, 
lymph-angiogenesis requires binding of VEGFC or VEGFD 
molecules to another VEGF receptor, FLT4/VEGFR3. 

Because of their established roles in cancer progression, 
there have been efforts to target VEGF molecules in treat-
ment of cancer patients. Bevacizumab, a monoclonal anti-
VEGFA antibody used in treatment of colorectal and other 
cancers is a well-known example [35].

Considering these established roles of VEGFs and MMPs 
in cancer progression and metastasis, in this study, we 
aimed to test the associations of 381 polymorphisms from 
the main VEGF and MMP genes and the risk of death 
(overall survival analysis) in two cohorts of colorectal 
cancer patients. Our main result is that none of the asso-
ciations of SNPs in the discovery cohort was replicated 
in the replication cohort (Table  2 and Table  3). These 
results suggest that either the associations in the discovery 
cohort were false-positive findings or the two cohorts are 
not comparable/significantly different from each other. 
Considering this latter possibility, we repeated the mul-
tivariable analysis for the most promising four SNPs 
(MMP27_rs2846707, MMP27_rs11225388, MMP27_
rs11225389, and MMP8_rs12365082) in the replication 
cohort patients, who were ≤75  years of age at the time 
of diagnosis (similar to the discovery cohort patients). 
But this did not change the results, although we cannot 
rule out the insufficient study power in this subcohort, 
either. Overall, our conclusion is that, our study does 
not support a prognostic role for the examined VEGFA 
and MMP gene polymorphisms in colorectal cancer.

Many genes included in our study have been previously 
studied in colorectal cancer in relation to a variety of 
survival outcomes [19, 20, 36–39]. Similar to our study, 
some of the polymorphisms in our set were also examined 
as candidate markers of overall survival in colorectal cancer 
by multivariable analyses and using genotypes from ger-
mline (i.e., nontumor) DNAs. For example, the two well-
known VEGFA SNPs, namely -634G/C (rs2010963) and 
+936C/T (rs3025039) were associated with overall survival 
in a study by Dassoulas et  al. [9]. Yet, neither the pre-
sented study nor other studies [38, 40] have identified 
prognostic associations of these polymorphisms with overall 
survival. The inconsistent results may be due to the dif-
ferences in study design/ethnicity, sample size/study power, 
or the baseline and treatment characteristics of the patient 
cohorts in different studies. For the rest of the polymor-
phisms, a comparison of the polymorphisms curated in 
the dbCPCO database [41] indicated that none of them 
were previously examined in relation to overall or disease-
free survivals in colorectal cancer patients with similar 
treatment characteristics to ours (i.e., not treated with 
bevacizumab). Considering the importance of the VEGFA 
gene and to check whether under different genetic models 
we would identify associations of its SNPs, we repeated 
the univariate Cox regression analyses under all genetic 
models for the 11 VEGFA gene SNPs included in our 
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study. This analysis showed that one of the SNPs 
(rs3024994; NM_001025366.2:c.658  +  1378C>T) had a 
P-value of 0.972, 0.024, 0.036, and 0.071 in recessive, 
dominant, additive, and codominant genetic models, 
respectively. The smallest P-value obtained for this SNP 
was under the dominant genetic model (P  =  0.024; the 
same model that this SNP was investigated in our study), 
yet, this p-value was not small enough to be within the 
top 16 SNPs selected for replication purposes (the p-values 
of which ranged from 0.0005 to 0.0187; Table 2). According 
to PUBMED as of May 2016, this SNP has not been 
investigated in relation to colorectal cancer survival before 
and can be a good candidate to investigate in other cohorts. 
Other 10 SNPs had univariate Cox analysis P > 0.05 under 
all four genetic models (data not shown).

Like any other study, this study too has some strengths 
and limitations. One notable strength is that we have had 
an independent replication cohort to test the reliability 
of the statistical findings in the discovery cohort. This is 
also the first study that has comprehensively examined a 
large number of polymorphisms from the VEGF ligand, 
VEGF receptor, and matrix metalloproteinase genes in 
relation to survival outcomes in colorectal cancer. 
Additionally, almost all of the polymorphisms in this study 
were examined in relation to overall survival in colorectal 
cancer for the first time. As per limitations, our approach 
was limited to the common variants (minor allele fre-
quencies ≥5%) with available genotypes in the study 
populations; thus, we may have missed rare genetic vari-
ations that could have strong effects on the risk of outcome 
or many common variations that are not included in the 
genotyping platform. Large-scale variant identification in 
the patient cohort, such as by means of next generation 
sequencing, may help identify the complete set of variants 
in these genes for future survival studies. Also, we did 
not investigate all of the genes known to function in the 
angiogenesis, lymph-angiogenesis, and metastasis pathways. 
Therefore, prognostic studies may be expanded to other 
genes acting in these pathways, such as the tissue inhibi-
tors of metalloproteinases (TIMPs) [42], to comprehen-
sively examine their potential roles in patient survival. 
Finally, the discovery and validation cohort of patients 
had differences in their clinical characteristics; thus, the 
nonreplication of the associations in the validation cohort, 
which were detected in the discovery cohort, may be 
attributed to these differences. Also, both the study cohorts 
were treated with mostly 5-FU-based chemotherapy; thus, 
our findings cannot be generalized to patient cohorts 
treated with anti-VEGF drugs such as bevacizumab.

In conclusion, as one of the most common cancers 
[43), identification of additional prognostic biomarkers 
may help with better prognostication and clinical manage-
ment of colorectal cancer patients worldwide. The presented 

study investigated a large number of common polymor-
phisms from the members of the VEGF and MMP gene 
families that can modify the risk of disease progression 
and patient mortality. While our study did not find an 
evidence of association of the examined polymorphisms 
and overall survival in colorectal cancer, we cannot rule 
out the possible replication of the prognostic associations 
of the polymorphisms shown in Table  3 (particularly, the 
MMP27_rs11225388, MMP27_rs11225389, MMP27_
rs2846707, and MMP8_rs1236508 polymorphisms) and 
Table S9 in larger and more powered study cohorts.
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