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Abstract: Understanding of the mechanism of colorectal carcinogenesis has been gaining momentum for some years on account
of its high incidence and impact on the lives of individuals affected. Different genetic abnormalities have been found in colorectal
cancers from different sites. For example, proximal colon cancer is usually related to the nucleotide instability pathway, as microsatellite instability (MSI). However, distal colon cancer is usually associated with specific chromosomal instability (CIN). The
development of cancer at the rectum, though similar to that at the colon, displays its own unique features. These differences might
be partially attributed to different embryological development and physiological circumstances. Environmental factors such as diet
and alcohol intake also differ in their role in the development of tumors in the three segments, proximal colon, distal colon, and
rectum. “Proximal shift” of colon cancer has been known for some time, and survival rates of colorectal cancer are higher when
rectal cancers are excluded, both of which emphasize the three different segments of colorectal cancer and their different properties. Meanwhile, colonic and rectal cancers are distinctive therapeutic entities. The concept of three entities of colorectal cancer
may be important in designing clinical trails or therapeutic strategies. However, the dispute about the inconsistency of data concerning the site-specific mechanism of colorectal carcinoma does exist, and more evidence about molecular events of carcinogenesis and targeted therapy needs to be collected to definitely confirm the conception.
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INTRODUCTION
Colorectal cancer (CRC) is one of the commonest cancers and the third leading cause of cancer
death. CRC incidence has decreased as a result of
effective intervention and life-style changes in the
West. However, in developing counties like China,
economic development and the adoption of earlier
Western life-styles have led to an increased CRC
incidence similar to that of developed countries more
than two decades ago. Interaction of genetics and
environmental effects has an important role in colorectal carcinogenesis. The prognosis of CRC, especially advanced cancer, has not substantially im-
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proved although the molecular mechanism of CRC
has become better understood compared with other
solid tumors in the past two decades. According to
the Surveillance, Epidemiology and End Results
(SEER) Program database analysis, 5-year survival
rates have risen from 56.5% for patients diagnosed in
the early 1980s to as much as 63.2% for those diagnosed in the early 1990s and most recently to 64.9%,
a trend due mostly to earlier diagnosis and treatment
(Ries et al., 2008). One reason for the improving
trend is that the prognosis for patients with CRC is
highly dependent on stage: 5-year survival rates are
over 90% for Dukes A, but only 5% for Dukes D.
Unfortunately, only 10% of CRCs are diagnosed
early, most patients presenting themselves with advanced disease (AHCPR, 1998). Another reason is
probably that CRCs are heterogeneous. More than a
decade ago, it was proposed that two distinct categories of CRC existed based on tumor location
(proximal or distal to the splenic flexure of the colon)
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(Bufill, 1990). Cancers of these two anatomical
segments show a different predominance in terms of
the molecular genetic pathway. Numerous reports
thereafter supported the “two types of CRCs” hypothesis (Beart et al., 1983). Currently, rectal cancer,
which is usually discussed together with colon cancer,
in the term of “colorectal cancer”, was addressed
specifically as a unique type of colorectal cancer.
Rectal cancers, once accounting for more than 50%
of CRCs in the West, have now decreased to less than
colon cancers; the prognosis of rectal cancers is
worse than that of colon cancers (Enblad et al., 1988);
clinical treatment of rectal cancers is different from
that of colon cancers, so related analysis of prognosis
and treatment of CRC as a whole is not logical. A
more appropriate classification will avoid neglecting
useful information and be beneficial for treatment
application and study of the molecular mechanism.
This review presents evidence that supports the
concept that CRC should be divided into proximal
colon cancer, distal colon cancer, and rectal cancer.

ANATOMY, EMBRYOLOGY, AND PHYSIOLOGY
In order to understand the mechanism of CRC in
the different segments of the large bowel, we study
the differences between these segments in anatomy,
embryology, and physiology (Fig.1 and Table 1).
From the anatomical and embryological standpoints,
the proximal and distal colons are located within the
peritoneal cavity, while the rectum lies within the
pelvis, the location of which is relatively inaccessible.
Proximal colon embryologically originates from the
midgut, while segments from the splenic flexure to
the upper anal canal containing the distal colon and
rectum arise from the hindgut.
Anatomically, the proximal colon is nourished
by branches of the superior mesenteric artery; distal
colon and rectum are supplied by tributaries from
the inferior mesenteric artery. The innervation to the
proximal colon derives from the vagus nerve, while
fibers from S2~S4 innervate distal colon and
rectum.

Table 1 Differences in the three subgroups of CRC
Feature
Physiology
Embryological origin
Artery supply
Innervation
Histology
Major physical function
Other physical features

Proximal colon
Midgut
Branches of superior
mesenteric artery
Vague nerve
Dense mucous apical
vesicles
Nutrient and water absorption
Short-chain fatty acids
and ethanol fermentation

Distal colon
Hindgut
Tributaries from the inferior
mesenteric artery
S2, S3, S4
Highest proportion of goblet
cells
Nutrient and water absorption

Rectum
Hindgut
Tributaries from the inferior
mesenteric artery
S2, S3, S4
Richer in endocrine cells
Fecal storage

Protein fermentation; neutral Acidic mucin predominance
mucopolysaccharide predominance

Carcinogenesis
Molecular mechanism
MSI
Hereditary disease predominant HNPCC

CIN
FAP

MSS; CIN; more contribution of TP53, APC/βcatenin pathway; more
COX2 overexpression;
less K-ras mutation

Risk factors
Dietary fiber
Meat consumption
Calcium and vitamin D
Physical activity

Protective effect
Processed meat
More protective effect
Protective effect

Less or null protective effect
Red meat
More protective effect
No protective effect

Greatest protective effect
Roasted meat
Less protective effect
Protective effect

CIN: chromosomal instability; MSI: microsatellite instability; MSS: microsatellite stability; HNPCC: hereditary nonpolyposis colorectal
cancer; FAP: familial adenomatous polyposis; TP53: tumor protein P53; APC: adenomatous polyposis coli; COX2: cyclooxygenase-2
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Splenic flexure

Descending colon

Ascending colon

Transverse colon

Cecum
Sigmoid colon
Rectum

Fig.1 Three segments of colorectum: right-sided tumours are classified as originating proximal to the
splenic flexure (cecum, ascending colon, and transverse
colon); left-sided tumors arise distally to this site (descending colon, sigmoid colon) and rectum

Nutrient and water absorption and fecal storing
are major functions of colon and rectum. However,
these functions take place differentially in different
segments of the large bowel. Sodium and water absorption rates are greatest in the cecum and decrease
progressively towards the rectum. The functional
difference may be explained by the structural and
physiological differences of various segments of the
large bowel: evident difference indicates functional
heterogeneity of various segments of the large bowel.
The thickness of the total wall of colon and rectum
visualized by endoscopic ultrasonography is not
identical, with a thinner wall in the colon compared
with the rectum. The capillary networks of the ascending colon are multi-layered, while those of the
distal colon are almost single-layered (Araki et al.,
1996; Skinner and O'Brien, 1996). It has been noted
that there is a gradual reduction toward the more
distal colon, in both the mucosal capillary density and
the average width of the mucosal capillary bed
(Browning and Gannon, 1986). These findings correspond well with the fact that the proximal colon is
more related to water absorption and electrolyte
transport activities compared with the distal colon.
Histologically, the proportion of goblet cells,
functioning in mucin secretion on the sigmoid colon
and rectum is higher than that on the right-sided colon,
which is believed to be a defense of the mucosal surface against increased physical and/or chemical stimuli in the distal colon and rectum (Arai and Kino,
1989). The rectum shows an unusually high concen-
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tration of endocrine cells compared with other segments, which is suggestive of a possible relationship
with the high incidence of carcinoma in the rectum
(Shamsuddin et al., 1982).
Short-chain fatty acids and ethanol concentrations are highest in the proximal colon; however, in
the distal colon, products of protein account for the
major part of fermentation content. In the descending
colon, neutral mucopolysaccharides are predominant,
whereas the rectum is characterized by acid mucins
(Shamsuddin et al., 1982). Thus, different regions of
the human gut harbor diverse bacterial fermentation
products, which have been found to influence many
aspects of colon function, such as epithelial cell metabolism, absorptive capacity and, possibly, motor
activity.

GENETIC PATHWAY
Much progress has been made in understanding
the molecular mechanism of CRC since 1990, when a
genetic model for CRC tumorigenesis was proposed
(Fearon and Vogelstein, 1990). A progression from
normal mucosa to adenoma to carcinoma was supported by the demonstration of accumulating mutations in genes of K-ras, adenomatous polyposis coli
(APC), tumor protein P53 (TP53), and deleted in
colorectal carcinoma (DCC), all of which are thought
to be of significance, but are not able successfully to
account for all CRCs. There is heterogeneity in the
pathogenetic pathway leading to CRCs, and there are
two major tumorigenic pathways. The first is driven
by chromosomal instability (CIN), namely the model
mentioned above, the progress of which involves both
oncogenes and tumor-suppressor genes including
chromosomes 5q, 17p, and 18q (Delattre et al., 1989;
Fearon and Vogelstein, 1990; Gervaz et al., 2001).
Chromosome 5q genes are responsible for APC, 17p
for TP53, and 18q for DCC or Mothers against decapentaplegic homolog 4 (SMAD4), respectively.
K-ras is the most common oncogene following this
pattern. As far as tumor-suppressor genes are concerned, genes of APC, TP53, DCC/SMAD4 play important roles in this sequential adenoma to carcinoma
pattern.
An alternative genetic pathway related to genetic
instability may well be depicted as a consequence of
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the alteration in mismatch repair (MMR) genes
(Gervaz et al., 2001; Miyakura et al., 2001;
Thibodeau et al., 1993). When the alteration happens
in germinal cells, the hereditary cancer known as
hereditary nonpolyposis colorectal cancer (HNPCC)
occurs. When somatic cells are affected, microsatellite instability (MSI) would be unavoidable, which is
responsible for a subset of sporadic colorectal tumors.
What is of interest is that the former is predominant in the distal colon, typically when familial
adenomatous polyposis (FAP) is concerned. It was
reported that the frequency of allelic loss on the three
chromosomes was more than double in distal tumors
compared with proximal tumors (Delattre et al.,
1989), and that close to 100% of FAP individuals will
develop CRC in the left colon (Iacopetta, 2002).
However, as for the proximal colon, the second
pathway is predominant, and this is reflected in the
high incidence of MSI phenotype in the proximal
colon (Miyakura et al., 2001; Thibodeau et al., 1993),
which is up to as much as ten times higher than that in
distal tumors in sporadic CRCs.
The preferential location of the two notable familial colorectal cancers helps to make our view more
persuasive—that carcinogenesis arises from a different genetic pathway according to proximal or distal
location to the splenic colon.
FAP and HNPCC, the two major familial forms
of CRC, exhibit a distal location preference and a
proximal location preference, respectively. The former has an involvement in the CIN pathway, while
the latter, in contrast, in the MSI pathway (Miyakura
et al., 2001; Patchett et al., 1997; Thibodeau et al.,
1993). It has been reported that 60%~70% of HNPCC
carcinomas are located proximal to the splenic flexure,
compared with 30% among the sporadic cases.
Recently, epigenetics has been considered as an
important mechanism of colorectal carcinogenesis,
though it had long been relegated to an almost
non-existent role in tumorigenesis (Jubb et al., 2001).
HNPCC is mostly due to mutations of MMR genes,
which show MSI phenotype. However, MSI is also
present in 10%~15% of sporadic colorectal cancer
cases, the majority of which do not show mutations in
MMR genes. Therefore, the supposition is made that
there are other mechanisms responsible for the defect
in MMR genes. It has been demonstrated that epigenetic, rather than genetic means silence the transcrip-

tion of MMR genes in sporadic colorectal cancers
with MSI (Anacleto et al., 2005). Methylation is believed to be a crucial epigenetic regulation in colorectal carcinoma. It has been verified that 89% of
MSI-positive sporadic tumors could be accounted for
by full methylation of hMLH1 that is an important
DNA mismatch repair gene (Miyakura et al., 2001).
To sum up, tumors with MSI, though sharing relatively identical features such as proximal location
preference, poor differentiation, Crohn-like reaction,
increased signet cells, and a lymphocytic infiltrate,
experience a different carcinogenesis pathway of the
MMR mutation phenotype or an MMR hypermethylation phenotype.
There are studies favoring the assumption that
colon cancer and rectal cancer are different entities,
though relatively few studies have addressed molecular and/or biological differences between the
colonic and rectal cancers, compared with subsites
within the colon. Based on the data of the Nurses’
Health Study and the Health Professionals Follow-Up
Study, Wei et al.(2004) reported that a family history
of CRC appears to affect relative risk (RR) of colon
cancer more strongly than RR of rectal cancer, the RR
being 1.94 (95% CI=1.80~2.10) and 1.27 (95% CI=
1.08~1.50), respectively.
It has been observed that MSI is rare in rectal
carcinoma (Nilbert et al., 1999), whereas the incidence of CIN is high in rectal cancer (Aaltonen et al.,
1998; Fernebro et al., 2002; Frattini et al., 2004).
Nevertheless, compared with colon cancer, the number of mutations detected is significantly higher in
rectal cancer (Frattini et al., 2004). Kapiteijn et
al.(2001) demonstrated that rectal cancers showed
significantly more nuclear β-catenin than colon cancers, which is a critical mediator of the WNT signaling pathway negatively regulated by APC. Additionally, compared with colon cancer, rectal cancer is less
K-ras-dependent and the APC gene-restricting pattern
is more common (Frattini et al., 2004). Therefore, the
APC/catenin pathway in rectal cancer is suggested as
the predominant one. A high level of TP53 expression
in rectal cancer was also revealed. The cyclooxygenase-2 (COX2) is overexpressed in 90% of rectal
tumors but in only 20% of colonic tumors (Dimberg
et al., 1999). In these respects, therefore, rectal cancer
might be viewed as a different entity from colon
cancer to some extent.
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EPIDEMIOLOGY
CRC continues to be one of the commonest
malignancies worldwide. According to statistics of
the American Cancer Society, the incidence of CRC
was estimated to rank third in both genders for all
malignant diseases in 2008 (Jemal et al., 2008). Over
recent decades, the site-specific incidence in the
large bowel has been investigated. The data of the
SEER program of the National Cancer Institute
showed that proximal colon cancer, distal colon
cancer, and rectal cancer contribute approximately
41.5%, 28.7%, and 29.8% respectively to all the
colorectal cancer in 12 SEER areas during 1988~
2001 (Ries et al., 2007). Numerous reports revealed
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an increased incidence of colon cancer and a decreased incidence of rectal cancer; and a proximal
shift in the incidence of CRCs was noticed. Despite
the controversy (Crerand et al., 1991; Erkek et al.,
2007; Ponz de Leon et al., 2004; Vobecky et al.,
1984), the shift is evidenced by various population-based studies relating to both ethnicity (White
(Troisi et al., 1999), African American (Nelson et al.,
1997), and Asian (Ji et al., 1998)) and geography
(Rochester (Beart et al., 1983), Canada (Obrand and
Gordon, 1998), and New Zealand (Jass, 1991)).
Association of the subsite distribution of colorectal
cancer with race, gender, age, and other epidemiological factors has been detected through population-based data (Tables 2 and 3).

Table 2 Summary of epidemiology evidence of subsite-specific CRC
Studies
Wei et al., 2004

Details of studies
Results
Family history of CRC affects risk for colon cancer more
Data from 2 prospective cohort
than risk for rectal cancer
studies, including 134 365 women
Ponz de Leon et al.,
A specialized CRC registry includ- An increase in tumor incidence in all colonic segments more
than a shift to the right colon is indicated
2004
ing 265 227 residents and 2 462
cases
Troisi et al., 1999
CRC registry of SEER program
Proximal colon carcinoma rates were higher than distal colon
including 220 000 cases
or rectal carcinoma rates throughout the study period in
the US
African Americans were more likely than Whites to develop
Nelson et al., 1997
A descriptive population-based
proximal CRC (odds ratio (OR)=1.19), whereas Whites
study including 38 931 cases
were more likely to have distal CRC than African Americans (OR=1.2)
Gervaz et al., 2001;
Twenty-three population-based cen- Age-adjusted CRC incidence rates were significantly lower
Skinner and O'Brien,
tral cancer registries including
in Asians and Pacific Islanders (API) than in Whites and
1996; Wu et al., 2004
336 798 cases
African Americans particularly for proximal colon cancer;
Among API, the rate of rectal cancer (19.2 per 100 000)
was significantly higher than the rates of proximal (15.2
per 100 000) and distal (17.7 per 100 000) colon cancers in
males
Gervaz et al., 2004;
A population-based cancer registry The increase in rates was much more rapid for colon cancer,
Iacopetta, 2002;
including 30 693 CRCs
with rates approximately doubling, than that for rectal
Ji et al., 1998
cancer; proximal colon cancer was more common than
distal colon cancer over the whole study period
Proximal CRCs were more common and rectal cancers were
Irby et al., 2006
CRC registry of SEER program
less common among Blacks than among Whites
including 323 888 cases
Rothberg et al., 1985;
National Cancer Registry of the
With the incidence increase of CRCs in the GDR, the ratio of
Stang et al., 2007
German Democratic Republic (GDR)
colon to rectal cancer incidence became larger and surincluding 147 790 cases
passed the reference value
Svensson et al., 2002
An age-period-cohort analysis
The age distribution differs for subsites and between men
including 32 981 and 32 812 cases
and women. Men have more distal colon and rectal canfor men and women
cers, while women have more proximal colon cancers
Wu et al., 2001
Twenty-eight population-based cen- The male-to-female ratios progressively increased from the
tral cancer registries including
proximal colon to the distal colon; the ratios of proxi134 724 CRCs
mal-to-distal CRC gradually increased with advancing age
Saltzstein and Behling, California cancer registry including The left-to-right shift increases significantly with increasing
2007
213 383 cases
age and year of diagnosis, is greater in women than in men,
and is greater in Whites than in other racial/ethnic groups
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Table 3 Summary of evidence of different risk factors in subsite-specific CRC
Studies
Terry et al., 2001b

Details of studies
Results
A population-based coTotal consumption of fruit and vegetables combined was inversely
hort of 61 463 Swedish
associated with colon and rectal cancers, but the association was
women
stronger for fruit, especially in relation to rectal cancer. High body
mass was associated with risk for distal colon and rectal cancers, but
not risk for proximal colon cancer
Voorrips et al., 2000
The Netherlands cohort
Inverse associations were stronger for distal colonic tumors than for
study of 62 573 women
proximal colonic tumors; no statistically significant associations
were found for vegetable or fruit consumption for rectal cancer
and 58 279 men
Bingham et al., 2003
An observational study of Adjusted RR of dietary fiber intake for the highest versus lowest
519 978 individuals
quintile is 0.72 (95% CI=0.43~0.99) for the colon and 0.80 (95%
CI=0.53~1.22) for rectal cancer. The association was stronger for
colon cancer, especially left-sided colon cancer [RR=0.65 (95%
CI=0.43~0.99)], than for rectal cancer
Delattre et al., 1989;
A meta-analysis
A daily increase of 100 g of all meat or red meat is associated with a
Sandhu et al., 2001
significant 12%~17% increased risk of CRC; a significant 49% increased risk was found for a daily increase of 25 g of processed meat
Larsson and Wolk, 2006 A meta-analysis
High consumption of processed meat was associated with an increased
risk of distal colon cancer but not of proximal colon cancer; association with red meat appeared to be stronger for rectal cancer than
for colon cancer (p-heterogeneity between cancer sites was 0.06)
Welfare et al., 1997
A case-control study of
Consumption of roast meat [OR=3.0 (95% CI=1.14~9.23)] at least
174 cases and 174
once a week [OR=2.83 (95% CI=1.07~8.78)] was a significant risk
matches
factor for proximal colon cancer
Cho et al., 2004; Obrand A pooled analysis of 10
The inverse association for milk was limited to cancers of the distal
and Gordon, 1998
cohort studies
colon (P<0.001) and rectum (P=0.02)
Friedenreich et al., 2006 A prospective cohort study Physical activity reduced colon cancer risk, specifically for right-sided
of 366 521 women and
tumors, but not rectal cancer
153 457 men
Gatta et al., 1998;
A cohort study of 100 303 The inverse association between leisure-time physical activity and
Swedish men
colon cancer risk was somewhat stronger for distal colon cancer
Larsson et al., 2006
than for proximal colon cancer
Li et al., 2007;
Hospital-based case con- An inverse association of colon cancer risk and physical activity was
Steindorf et al., 2005
trol study of 239 cases
found [OR=0.37 (95% CI=0.17~0.83)]. For rectal cancer, no conand 239 controls
sistent association with physical activity was found
Thune and Lund, 1996
A population-based coPhysical activity reduced risk of colon cancer, particularly the proxihort of 53 242 males
mal colon [RR=0.51 (95% CI=0.28~0.93)]. No association between
physical activity and rectal cancer was observed in males or females
and 28 274 females

Black individuals are more likely to develop
proximal colon cancer than distal colon cancer (Irby
et al., 2006; Nelson et al., 1997; Troisi et al., 1999;
Wu et al., 2004), while Asians and Pacific islanders
are more susceptible to local distal colon and rectal
cancers than Americans (Ji et al., 1998; Wu et al.,
2004). A slightly higher incidence of rectal cancer has
been observed in White compared with Black individuals. The sex distribution of colon cancer is equal,
but rectal cancer is more common in males (Wu et al.,
2004). The incidence of colon cancer among women
is higher than that of rectal cancer, usually in the ratio
of 2:1; however, Stang et al.(2007) reported that an
inversion of the ratio (less than 1) was observed
among men. Within the colon, women have more

proximal colon cancers (Svensson et al., 2002),
whereas in men there is a predominance of distal
colon cancer, in particular in White males; moreover,
the male-to-female ratios progressively increase from
the proximal colon to the distal colorectum (Wu et al.,
2001). The left-to-right shift of incidence is greater
among women than among men (Saltzstein and Behling, 2007). Furthermore, a more increased incidence
of proximal colon cancer in women was reported
early in 1983 by Beart et al.(1983), and the continuing
trends could be found afterwards (Obrand and
Gordon, 1998). The ratio of proximal-to-distal colorectal cancer gradually increases with age according
to several population-based studies (Nelson et al.,
1998; Wu et al., 2004), which is suggestive of a
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greater effect of age on proximal colon carcinoma risk
than on distal.
Many etiologic factors have been established as
contributing to the risk of CRC. However, when the
statistical models that evaluate the endpoint of CRC
assume a constant relative risk for cancer of the whole
large bowel, or ignore the possibility of heterogeneity
between subsites, the conclusions have to be considered tentative, because the risk factors for colorectal
cancer as a whole may or may not be risk factors for
proximal colonic, distal colonic, or rectal cancer,
considered separately.
To further our understanding of etiologic similarities and differences among cancers of different
anatomic locations within the colorectum, it is necessary to compare the risk estimates on the different
regions of large bowel cancers across a range of lifestyle factors. On the question of diet, a study from
Sweden reported that consumption of fruit is inversely related to rectal cancer to a more significant
degree than to colon cancer (Terry et al., 2001b).
However, Voorrips et al.(2000) found that the incidence of distal colon cancer seemed to be more influenced by vegetable consumption than that of
proximal colon cancer, while a less inverse association or no association with vegetable consumption
was found for rectal cancer. In a large study of the
European Prospective Investigation into Cancer and
Nutrition (EPIC) recruiting individual cases from 10
European countries, the adjusted RR of dietary fiber
for the highest versus lowest quintile of intake is 0.72
(95% CI=0.43~0.99) for the colon and 0.80 (95%
CI=0.53~1.22) for rectal cancer. The association was
stronger for colon cancer, especially left-sided colon
cancer [RR=0.65 (95% CI=0.43~0.99)], than for rectal cancer (Bingham et al., 2003). In a second report
from EPIC with more adjusted models, the association with left-side colon cancer was strengthened and
with rectal cancer weakened (Bingham et al., 2005).
Thus, the protective effect is likely greatest for the left
side of the colon, and least or null for the rectum.
High consumption of red meat and processed
meat has been associated with an increased risk of
CRC in two meta-analyses (Norat et al., 2002;
Sandhu et al., 2001). In an update meta-analysis of
prospective studies published through March 2006,
the association with red meat appeared to be stronger
for rectal cancer; a high consumption of processed

225

meat was associated with an increased risk of distal
colon cancer but not of proximal colon cancer
(Larsson et al., 2006). In addition, consumption of
roasted meat as well as the regular use of animal fat in
cooking was a significant factor for the proximal
colon (Welfare et al., 1997).
The association between the intake of calcium
and vitamin D and the risk of CRC is inconsistent;
nevertheless, a pooled analysis of 10 cohort studies
showed that the intake of calcium and vitamin D
conferred a potential protective effect on CRC and
was more frequently in inverse association with distal
and rectal cancers than with proximal colonic cancer
(Cho et al., 2004).
Sufficient evidence for a cancer-preventive effect of physical activity on colon cancer (although
inadequate for rectal cancer) has been found in the
EPIC (Friedenreich et al., 2006), Swedish nationwide
censuses (Larsson and Wolk, 2006), and others
(Steindorf et al., 2005; Thune and Lund, 1996; Wei et
al., 2004). Within the colon, proximal colon cancer
may be more sensitive to a low physical activity level
[RR=0.51 (95% CI=0.28~0.93)] (Thune and Lund,
1996). High body mass is consistently suggestive of
risk for colon cancer among men and is less consistent
for women: when it is positive in women, the association tends to be weak (Potter, 1999). However, it
was reported that body mass is associated with risk
for distal colon and rectal cancers (rectal cancer especially), but not proximal colon cancer among females at a relatively young age (Terry et al., 2001a).

TNM STAGING AND PROGNOSIS
Anatomical and biological factors present colonic and rectal cancers as two different entities for
treatment and prognosis. In contrast to colonic tumors,
which extend directly to the serosal surface, advanced
rectal cancers cannot gain direct access to the peritoneal cavity. TNM staging is an important prognostic
factor in colon cancer, whereas lateral margin involvement, in addition to TNM, is of important
prognostic value to rectal cancer. Accurate determination of the circumferential resection margin (CRM)
in rectal cancer is important for the determination of
local recurrence risk either after conservative surgery
or after total mesorectal excision (TME) (Nagtegaal
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et al., 2002). In 1986, Quirke et al.(1986) first described the importance of lateral spread and the role
of involvement of the radical margin in predicting
rectal cancer recurrence. Positive radical margins
predict not only local recurrence but also survival
(Adam et al., 1994). Adjuvant preoperative radiotherapy is highly effective for rectal cancer by reducing disease recurrence and increasing overall
survival (Guyot et al., 2005), while patients with
colon cancer benefit from adjuvant chemotherapy
(Casillas et al., 1997). The different pattern of survival of colon and rectal cancer has been observed
(Berrino et al., 1995; Roncucci et al., 1996). Colonic
carcinomas are reported to have a significantly better
survival than rectal cancer (Gatta et al., 1998). Our
own data (Xu et al., 2006) showed that the survival
rate of CRC is partly determined by the constitutive
proportion of rectal cancer, which contributes to a
worse survival rate. From the comparative point of
view, the significant prognostic factor for colon cancer is the age of the patient at diagnosis, while for
rectal cancer, it is the pattern of tumor growth (Roncucci et al., 1996). A DNA ploidy pattern has been
proved to be an important prognostic factor. Diploid
tumors conferred a better survival compared with
aneuploid tumors (Bazan et al., 2002; Lanza et al.,
1998). Tumors of the proximal colon are more frequently diploid than those localized distally to the
splenic flexure. The overall survival rate is reported to
be lower in the cases of mucinous carcinomas (Papadopoulos et al., 2004; Taal et al., 2001), a high
proportion of which are proximally located. TP53
overexpression is significantly more common in rectal than in colon cancers, which is associated with
worse disease-free survival in rectal but not in colon
tumors (Kapiteijn et al., 2001). A significant survival
benefit with 5-fluorouracil was shown in proximal
colon tumors, whereas patients with distal colon
cancer showed only a slight benefit from adjuvant
treatment compared with proximal colon tumors
(Elsaleh et al., 2000; Taal et al., 2001).

CONCLUDING REMARKS
Colorectal cancers from different anatomic sites
should not be assumed to be constant in their biological behavior or relative risk factors. It is more

rational to divide the colorectum into proximal colon,
distal colon, and rectum than the traditional division
of colon and rectum or colorectal cancer as a whole,
between which heterogeneity exists. Differences in
physiology and anatomy, environmental carcinogens,
genetic mechanisms, and prognosis between the three
segments support the ‘three entities’ concept. The
dispute about the inconsistency of data on the
site-specific mechanism of colorectal carcinoma does
exist; more evidence about molecular events of carcinogenesis and targeted therapy needs to be further
collected to definitely confirm the conception. This
classification directs scientists to pay more attention
to the comparative differences between the three
subgroups, which in turn may help to refine prognosis
and develop appropriate treatments.
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