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Abstract
According to American Cancer Society, there estimated to have 
one million new colorectal cancer cases worldwide each year, 
and half of them die from clinical complications and metastasis. 
The dominant metastasis site for patient with colon cancer is liver. 
In this report, a 77-year-old male presented with occult blood in 
stool, weight loss and abnormal liver function tests. Previous 
medical history of the patient included upper GI bleeding due to 
duodenum ulcer and alcohol drinking for many years. Abdominal 
CT scan indicated obstructive sigmoid colon lesion with multiple 
liver metastasis. Colonoscopy revealed a nearly obstructed 
lesion in sigmoid colon. Palliative colostomy was performed and 
sigmoid mass was resected. Pathology examination demonstrated 
that tumor was originated from mucosa and invades through 
submucosa, muscular propria and pericolonic fat. Tumor cells 
showed moderately differentiated, high nuclear grade with 
calcification, necrosis and vascular invasion. The TNM staging 
was used and the American Joint Committee on Cancer (AJCC) 
tumor staging was 2a (pT3N0Mx). This case presented typical 
pathology features of colon cancer relate to liver metastasis. 
Life time alcohol consumption is one of the risk factors for colon 
cancer liver metastasis. Besides behavior and life style, genetics 
and epigenetic factors play important roles in liver metastasis 
in colorectal carcinoma patients. Colon cancer is an insidious 
disease and almost half of the cases in the United States are 
diagnosed at late stages. Metastasis to the liver is leading cause 
of death in patients with colon cancer. Epigenetic biomarkers, such 
as circulating factors in serum, are developed for noninvasive 
molecular diagnosis of colon cancer at early stage as well as colon 
cancer with liver metastasis. Genetics and epigenetics studies 
provided molecular adjuvant therapy regimens for metastasis and 
evaluation for prognosis.
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Introduction
According to American Cancer Society, they estimated to have 

one million new colorectal cancer cases worldwide each year. Half of 
them die from clinical complications and metastasis. The dominant 
metastasis site for patient with colon cancer is liver. In this report, 
a case of colon cancer with liver metastasis is presented. Pathology 
features of tumor tissue were presented and these features are 
useful for surgical strategy. Patient had history of daily drinking 
which provided added evidence that alcohol is a risk factor for 
colon cancer development and liver metastasis. Patients who have 
history of alcohol consumption should have careful examination of 
liver for distant cancer dissemination. Despite progress was made 
in investigating colorectal tumor genesis, understanding of liver 
metastasis process remains unclear. Understanding the mechanisms 
of colon cancer liver dissemination will provide principles for the 
diagnosis, treatment and prevention of advanced colon cancer. 
Findings concerning epigenetic regulation and genetic mechanisms 
of colon cancer were reviewed in this report. Epigenetic and 
molecular biomarkers are being developed for diagnosis and therapy 
and are being used in clinical cancer patients.

Case Report
Patient presentation

A 77-year-old gentleman presented to the clinic with chief 

https://doi.org/10.23937/2378-3656/1410025
https://doi.org/10.23937/2378-3656/1410025
https://doi.org/10.23937/2378-3656/1410025


• Page 2 of 5 •Bao and Ma. Clin Med Rev Case Rep 2015, 2:025

DOI: 10.23937/2378-3656/1410025 ISSN: 2378-3656

complains of weight loss, occult blood in stool, and abnormal liver 
function tests. Abdominal Computed Tomography (CT) scan 
revealed obstructive sigmoid colon lesion with liver metastasis 
(Figure 1A,1B). His previous history was insignificant except for 

upper gastrointestinal bleeding due to duodenum ulcer. The patient 
did not smoke any tobacco but has been drinking medium a day for 
many years.

Figure 1: Abdominal CT scan demonstrating entirely dilated colon and looping in sigmoid colon (Figure 1A). CT image shows multiple low density areas in the 
liver (Figure 1B). 

Figure 2: HE staining of sigmoid colon adenocarcinoma. The infiltrating glands of colonic adenocarcinoma originated from mucosa (A) and invade through 
submucosa (B), muscular propria (C) and pericolonic fat (D). The neoplastic glands of adenocarcinoma have crowded nuclei with hyperchromatism (E) and 
pleomorphism (F). There are also calcifications, necrosis (G) and infiltration of vascular structures (H).
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Colon resection

Surgery was performed for palliative treatment. During 
operation, colonoscopy revealed a nearly obstructed lesion in 
sigmoid colon. Exploratory laparotomy demonstrated the cecum is 
dilated to approximately 12 centimeter with the entire transverse and 
descending colon also dilated to the sigmoid colon where a large mass 
measuring approximately 4 centimeter to be adherent to the anterior 
abdominal wall in the left lower quadrant. The sigmoid mass was 
resected and colostomy was performed.

Pathology and cancer staging

The partial colectomy specimen contains firm, thickened 
obstructed circumferential lesion measuring 6×5×4 centimeter 
with polypoid appearance in inner surface. Hematoxylin and eosin 
staining shows the tumor originated from mucosa (Figure 2A) and 
invades through submucosa (Figure 2B), muscular propria (Figure 
2C) and pericolonic fat (Figure 2D). Tumor cells shows moderately 
differentiated, high nuclear grade (Figure 2E,2F) with calcification, 
necrosis (Figure 2G) and vascular invasion (Figure 2H). No carcinoma 
was seen in resection margins and lymph nodes. The TNM staging 
was used and the American Joint Committee on Cancer (AJCC) 
tumor staging was 2a (pT3N0Mx).

Discussion
Histopathology type and liver metastasis

It is suggested that pathology features of colon rectal cancer 
are strongly related to liver metastasis [1]. 46% colon cancer with 
liver metastasis had morphology of “focal dedifferentiation” which 
describes polygonal, not columnar, cancer cells in primary tumor. 
This morphology is considered as a good marker for assessing the 
tendency of colorectal cancer metastasis to liver [1]. Stromal and 
perivascular fibrosis extending towards the serosa or adventitia 
indicates tumor invasion. Lymph node metastasis is independent 
indicators of liver metastasis [2]. Adenocarcinoma predominantly 
metastasized to the liver while mucinous adenocarcinoma and signet-
ring cell carcinoma more frequently had peritoneal metastasis [3]. 
This case demonstrated moderately differentiated, high nuclear grade 
pathology features with pericolonic fat and vascular invasion (T3 
stage) in primary tumor. These features are consistent with previous 
report which showed that in cases of colorectal liver metastasis, 91% 
are T3 stage and 90% are moderately differentiated in primary tumor 
[4]. Although abdominal CT scan is routine examination for colon 
cancer patients and this patient demonstrated liver metastasis in CT 
scan preoperatively, pathology features of primary tumor and lymph 
node examination may provide useful information for surgical 
strategy and prognosis.

Alcohol is one of risk factors for liver metastasis in patients 
with colorectal carcinoma

Drinking alcohol increases the risk of cancers in gastrointestinal 
tract. It is reported that lifetime alcohol intake is significantly 
positively associated with colorectal cancer risk, with higher cancer 
risks observed in the rectum than distal colon and proximal colon [5]. 
When assessed by alcoholic beverages at baseline, the colorectal cancer 
risk for beer was higher than wine [5]. Liver is the most common 
site of colon cancer metastasis due to drainage of mesenteric veins 
into hepatic portal vein. Besides anatomy, alcohol consumption is an 
independent risk factor for liver metastasis in colorectal carcinoma 
patients [6]. Alcohol is metabolized by alcohol dehydrogenase in 
hepatic cells and alcohol at physiologically relevant concentrations 
can disrupt the endothelial monolayer integrity, which is associated 
with an increased invasion of cancer cells through the endothelial 
monolayer [7]. The patient in this case has history of alcohol abuse 
which presented positive association of alcohol consumption with 
colon cancer liver metastasis. Patients with colorectal carcinoma 
who drink alcohol require intensive examination and follow-up with 
respect to liver metastasis.

Epigenetics of colon cancer and its roles in clinical diagnosis, 
treatment and prognosis

Epigenetics defines heritable changes in gene expression without 
changing the DNA sequence. It is regulated by three mechanisms: 
DNA methylation, histone modifications and microRNA expression 
[8]. Epigenetic factors are found to play important roles in colon 
cancer occurrence, metastasis and survival. Results from epigenetic 
studies are significant for clinical diagnosis, therapy and prognosis in 
colon cancer patients.

Currently, the most commonly used screening methods in 
clinic are colonoscopy and guiac-based fecal occult blood tests/fecal 
immunochemical tests. Noninvasive approach, such as detection of 
genetic and epigenetic alterations in tumor-specific DNA that is shed 
into serum or plasma is promising and convenient. DNA Methylation 
at position 5 of the cytosine ring in a CpG island is initiated and 
maintained by a set of DNA methyl transferases. Tumor suppressor 
genes are often methylated and silenced in tumorigenesis [9]. A 
number of methylation biomarkers have been found in circulating 
cell-free DNA in blood [10]. The septin 9 gene (SEPT9) codes for 
a GTP-binding protein associated with filamentous structures and 
cytoskeleton formation [11]. A recently licensed DNA methylation 
assay is ColoVantage®, which is blood-based and operates based on 
methylation of the SEPT9 gene [12]. The overall sensitivity of the 
SEPT9 methylated DNA assay was found to be 90%, with sensitivity 
for early stage colorectal cancer (stages 1 and 2) diagnosis being 87% 
and late stage diagnosis (stages 3 and 4) 100%. Colorectal cancer was 
detected in the cecum, the rectum, and the sigmoid colon in most 
cases by using this assay. Other assays focusing on SEPT9 methylation 
that are currently used for the detection of colon cancer are Epi 
proColon® 1.0 and Abbott Real Time mS9 [13]. ColoSure™ test is a 
fecal-based methylation assay that is clinically available and focuses 
on methylation of the vimentin gene [14]. This test is recommended 
for use along with colonoscopy. A sensitivity ranging from 38-88% is 
suggested for this assay. Runt-related transcription factor 3 (RUNX3) 
is a serum-based marker [15]. Its promoter’s hypermethylation could 
potentially be used in the diagnosis of colorectal cancer in CpG 
island methylator phenotype and microsatellite instability plus CpG 
island methylator phenotype. Diagnostic panels are being studied. 
NKX2-5, SPOCK2, SLC16A12, DPYS and GALR2 are candidate 
biomarkers for colon cancer (methylation range 60%-95%) and 
GALR2 hypermethylation showed a sensitivity of 85% and specificity 
of 95% [16]. A DNA methylation correlation network showed cancer 
specific genes in seven cancers. High-risk group and low-risk group 
were distinguished by eight biomarkers (ZBTB32, OR51B4, CCL8, 
TMEFF2, SALL3, GPSM1, MAGEA8, and SALL1) in colon cancer, 
which provided reference for individual treatment [17]. A 7-gene 
panel (ANXA3, CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1 and 
IL2RB) discriminated colon cancer in the training set. This blood-
based biomarker panel can stratify subjects according to their current 
relative risk across a broad range in an average-risk population [18]. 
Deleted in liver cancer 1 (DLC1) is a tumor suppressor gene. Detection 
of DLC-1 methylation in serum would be more useful in prognosis 
[19]. Neurogenin1 (NEUROG1) gene methylation is a serum marker 
that has a higher sensitivity than SEPT9 and vimentin for colorectal 
cancers at early stage. It would be particularly important in diagnosis 
of asymptomatic colon cancer of any stage [20].

Epithelial–to-mesenchymal transition (EMT) is a fundamental 
process in development and tumor progression [21]. MicroRNAs 
are highly conserved ~22-nucleotides single-stranded RNAs that 
can regulate expression of target genes [22]. It is suggested that 
microRNAs modulate EMT and facilitate cancer metastasis [23-25] 
(Table 1). Mir-21, mir-93 and mir-31 were found to be up regulated 
in liver metastasis [26-28]. Mir-21 and mir-31 are associated 
with poor prognosis and advanced tumor stage [29]. miR-29a is 
a potential colon cancer diagnostic marker. It was demonstrated 
that plasma miR-29a could distinguish colon cancer and advanced 
adenoma from normal group with sensitivities of 69 and 62.2%, and 
specificities of 89.1 and 84.7%, respectively [29]. Additionally, serum 
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mir-29a level was significantly higher in colorectal cancer with liver 
metastasis patients than in colorectal cancer patients. This enabled 
differentiation between metastatic and non-metastatic tumors [30]. 
Double cortin-like kinase 1 (DCLK1) promoter is hypermethylated 
in the vast majority of colorectal cancers (134/164; 82%), with no 
methylation in the normal mucosa samples (0/106) [31]. DCLK1 is a 
cancer stem cell specific biomarker and targeting the DCLK1-postive 
cancer cells is a potential therapy for colorectal cancer.

Molecular genetics of colon cancer and its application in 
colon cancer metastasis therapy

Somatic mutations play an important role in colon cancer 
development and metastasis. Molecular genetics studies in this aspect 
are important in identifying molecular targets of colon cancer. This 
includes at least two important cell surface receptors: the epidermal 
growth factor receptor (EGFR) and the Vascular Endothelial Growth 
Factor Receptor (VEGFR). EGFR is often up-regulated in colorectal 
cancer while activation of VEGFRs plays an essential role in cancer 
progression [32,33]. Two groups of agents targeting either VEGFR or 
EGFR have been added to the therapeutic regimen against metastatic 
colorectal cancer. Available agents in these groups are the anti-VEGF 
antibody bevacizumab and the anti-EGFR antibodies cetuximab and 
panitumumab. They are usually given along with 5-Fluorouracil (5-
FU) for metastatic colorectal cancer treatment [34,35].

K-ras mutations are important in the initiation of adenocarcinoma 
[36]. Approximately 40% of colorectal cancers are characterized by 
KRAS mutations in codon 12 and 13 in exon 2. These patients have 
poor prognosis and have increased risk of developing liver and lung 
metastasis [37-40]. KRAS mutation is negative predictive biomarkers 
for anti-EGFR therapy among patients with advanced colorectal 
cancer, including colon cancer with liver metastasis [41]. Array-
based tests have been established for profiling of the KRAS mutation 
status on clinical tumor samples. The chip-based DNA hybridization 
technique seems to be a promising tool for KRAS mutation analysis 
to further improve targeted cancer treatment [42].

The serine-threonine kinase, v-raf murine sarcoma viral oncogene 
homolog B (BRAF), is the principal effector of KRAS. Mutations 
in BRAF are found in 10 % of colorectal cancer and BRAF mutant 
metastatic colorectal cancer appears to be a discrete disease subtype 
with a distinct patient population and significantly poorer survival 
[43,44]. Single substitution missense mutation V600E that occurs 
in the kinase domain of the gene is the most common oncogenic 
mutation and accounts for more than 95% of the BRAF mutations 
in colorectal cancer [45]. The BRAFV600E in colorectal is associated 
with advanced cancer stage, poor differentiation, mucinous histology, 
microsatellite instability, CpG island methylator phenotype [46]. 
BRAF wild-type is required for response to panitumumab or 
cetuximab and could be used to select patients who are eligible for 
the treatment [47]. A BRAFV600E inhibitor, vemurafenib, is being 
investigated and demonstrated selective sensitivity of colorectal 
cancer cell lines and xenografts harboring BRAFV600E mutation 
[47,48].

Summary
Incidence of late stage colorectal cancer ranged from 51.0% to 

86.5%. Liver is dominant dissemination site and hepatic metastases 
develop in approximately half of colorectal cancer cases. Only a small 
portion of these patients are resectable at the time of diagnosis. Risk 
factors for colon cancer liver metastasis include age, life style, and 
pathological character of primary tumor, genetic and epigenetic 
profiles. Investigate morphology and mechanisms of colon cancer cell 
dissemination to liver are critical for early diagnosis, prompt treatment 
and prevention. Epigenetic factors are being used as noninvasive 
method in clinical diagnosis. Results from molecular genetics studies 
on colon cancer are being applied in adjuvant chemotherapy in 
metastasis. Genetics and epigenetics will be important for early 
diagnosis, therapy and prognosis in cancer patients.
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