Colorectal Cancer: An Overview
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Abstract: Colorectal cancer is a multifactorial disease. It is the third most frequently
diagnosed cancer, and the second most common cause of cancer-related deaths
worldwide. The etiology of colorectal cancer remains unclear. Although early diag-
nosis can significantly improve the prognosis, colorectal cancer patients often have
no typical clinical manifestations, or display only non-specific signs in the early
stage, resulting in a low early diagnosis rate. Multiple treatment modalities, depend-
ing on the stage of the tumor and patient characteristics, are available. These include
surgery, chemotherapy, radiotherapy, molecular targeted therapy, immunotherapy,
and other programs. This chapter provides an overview of colorectal cancer.
Epidemiology, etiology, pathogenesis, clinical manifestations, diagnosis, treatment,
prognosis, and prevention strategies of colorectal cancer are discussed.
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INTRODUCTION

The adult large intestine includes the colon, rectum, and anal canal. The colon
can be divided into the right colon (cecum, ascending colon, and right
2/3 transverse colon) and left colon (left 1/3 transverse colon, descending colon,
and sigmoid colon). The blood supply of the colon is mainly from the mesenteric
artery; the veins are accompanied by the arteries of the same name, and the lym-
phatic network drains through the regional lymph nodes (Figure 1) (1, 2).
The colon is innervated by the vagus and pelvic nerves. The function of the right
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Figure 1. Anatomy, blood supply, and lymph node drainage of the large intestine. For anatomic
regions, the three major parts (colon, rectum, and anal canal) relevant to colorectal cancer
are labelled. For blood supply, only arterial supply is highlighted. The oval shape represents
region(s) of lymph node groups or nodal stations. Usually, the lymph node stations of the
large intestine are indicated with a three-digit number in the 200s. The simplest explanation
for understanding the numbers, from left to right, is as follows: the first digit, 2, represents
the anatomical group (in this case, the large intestine — hundreds in the table) the second
middle digit represents the blood supply (in this case, the arteries—tens in the table) and the
third digit represents lymph node group (oval shape—digits in the table). Concept for the
figure is based on the Japanese Classification of Colorectal, Appendiceal, and Anal
Carcinoma: the 3rd English Edition.
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colon is mainly to absorb water and some nutrients, while the main function of
the left colon is to store and excrete feces. Notably, the colon secretes gastrointes-
tinal hormones and alkaline mucus substances.

The rectum joins the sigmoid colon, and the lower end joins the anal canal at
the dentate line. The rectal blood supply mainly comes from the superior and
inferior rectal arteries. Venous reflux mainly flows from the superior rectal vein to
the liver. The regional lymph nodes of the rectum include pararectal lymph nodes,
superior and inferior rectal artery lymph nodes, etc. The rectum is innervated by
the autonomic nerves, its main physiological function is defecation. In addition,
it also absorbs a small amount of water, salt, glucose, and some drugs (3).

Based on sites of onset, rectal cancer accounts for 49.66%, colon cancer
accounts for 49.09%, and both sites combined account for 1.25% (4). Among
colon cancers, the most common sites are the sigmoid colon (55%), followed by
the ascending colon (23.3%), transverse colon (8.5%), descending colon (8.1%),
cecum (8.0%), and crossing site (2.1%) (4). This chapter provides an overview of
various aspects of colorectal cancer (CRC).

EPIDEMIOLOGY

CRC is the third most diagnosed cancers worldwide, of which males rank third
and females rank second (5). CRC is the second most common cause of
cancer-related deaths worldwide (5). In China, the incidence of CRC in the whole
population ranks second among all tumors, and the age-standardized incidence is
23.7 per 100,000, among which male and female patients rank third, and the
age-standardized incidence is 28.1 per 100,000 and 19.4 per 100,000 persons,
respectively (6). Correlation between migration, religious factors, and the CRC
suggests that the incidence of CRC is strongly related to environmental factors,
lifestyle, and diet, but has no obvious relationship with ethnicity. The incidence of
CRC differs by regions, with the highest incidence reported in North America,
Western Europe, and Oceania, and the lowest incidence in Africa, Asia, and South
America. In the mainland of China, the CRC incidence also follows an east-to-
west gradient (6). The incidence of CRC is higher in the economically developed
eastern coastal areas, while the incidence is relatively lower in the economically
backward western areas (6).The incidence and mortality of second-generation
immigrants from low-incidence areas of CRC to high-incidence areas are similar
to those of residents (7).

The risk of CRC increases with age. The incidence and mortality of CRC are
low until the age of 45 and increase significantly after that, peaking in the age
group over 80, but a significant number of cases still occur in adolescents. CRC
patients under the age of 30 account for 10-20% in China and the age of onset is
12-18 years earlier than in western countries (4, 8).

Notably, the morbidity and mortality of CRC have shifted over time. The change
is different by regions. The rising rate of the original high-incidence regions slows
down or decreases, while the low-incidence regions show an increasing trend, such
as China. In the past 30 years, the incidence and mortality of CRC have been
increasing year by year in China, especially in cities. This may be related to an aging
population, changing lifestyles, and changing environments (3, 6).
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In general, the epidemiological characteristics of CRC in China can be sum-
marized as follows (3, 4): (i) higher in males than in females, and the male to
female ratio is about 1.3:1; (ii) the median age of onset is 58 years; (iii) rectal
cancer is more common than colon cancer; (iv) in economically developed
regions, the most common site of colon cancer has changed from rectum to colon,
and the proportion of right colon cancer has increased significantly.

ETIOLOGY

The etiology of CRC remains unclear, but it may be related to the following
factors:

Genetic factors: About 20% of CRC cases are related to genetic factors, and
investigations have shown a three-fold increased risk of cancer in the first-
generation relatives of CRC patients. Familial Adenomatous Polyposis (FAP)
has been identified as a genetic syndrome that predisposes to CRC, and the
Mismatch Repair Gene (MMR) has also been linked to inherited CRC (9).

Dietary factors: 1t is currently believed that high fat, high animal protein, and
low cellulose diet are related to the incidence of CRC. Excessive fat intake will
promote bile secretion, bile acid decomposition, increased intestinal carcino-
gens, and the activity of intestinal anaerobic bacteria (10).

Non-cancerous diseases: Non-cancerous diseases such as colorectal polyps,
colorectal adenomas, ulcerative colitis and Crohn’s disease, etc. can contribute
to CRC. Research shows that about 3-5% of ulcerative colitis patients will
develop CRC, and the incidence of malignant transformation is greater than
10% in patients with ulcerative colitis lasting more than 20 years. About
15-40% of colon cancers originate from colonic polyps, with a precancerous
course of 2-5 years. Adenomas less than 1 cm in diameter have a less than 2%
chance of becoming cancerous, while those larger than 3 ¢cm have a more than
40% chance of becoming cancerous (3, 11).

Other factors: Carcinogenic exposure and lifestyle, such as sedentary and over-
weight, are risk factors for CRC, and the incidence of sigmoid and rectal cancer
is higher in patients undergoing pelvic radiation therapy (3).

PATHOGENESIS

CRC is a multi-factorial disease. The epithelial cells of colorectal mucosa can
undergo hyperplasia, atypical hyperplasia (mild, moderate, severe) and adeno-
mas, that can eventually develop into carcinoma (12). This process is usually initi-
ated by carcinogenic factors, causing structural changes in DNA, leading to the
malignant transformation of cells into cancer. Morphology includes epithelial
hyperplasia, atypical hyperplasia, adenoma formation, carcinoma in situ, and
invasive carcinoma (12). In 1990, Fearon and Vogelstein proposed a molecular
event model for the occurrence and development of CRC (13). With the develop-
ment of research, three molecular mechanisms related to the occurrence and
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Figure 2. Genetic abnormalities, histological changes, and screening methods in the occurrence
and development process of CRC. CIMP, CpG island methylator phenotype; CIN,
chromosomal instability; FIT, fecal immunochemical test; FOBT, fecal occult blood test;

MSI, microsatellite instability.

development of CRC have been confirmed: (i) chromosomal instability that
mainly occurs in FAP (14); (i) genetic mutations such as in Lynch syndrome and
other sporadic MMR mutations (15); and (iii) hypermethylation of CPG islands in
specific gene promoter regions (16). These processes are often associated with
abnormal changes in multiple genes such as APC, DCC, P53, K-ras, c-MYC, MCC,
and MMR-related genes (hMLHI1, hMLH3, hMSH2, hMSH3, hMSH6, hPMS]1, and
hPMS2), Figure 2. It is worth noting that these abnormal molecular signaling
pathways are not mutually exclusive, and multiple abnormal molecular pathways
are co-existing in some CRC patients (17-19).

PATHOLOGICAL TYPE AND METASTASIS

In early stages, CRC is confined to the intestinal mucosa and submucosa (12).
Lymphatic metastasis usually does not occur in early CRC (12). When the tumor
breaks through the submucosa, lymphatic metastasis occurs in about 10% of
patients. The gross types of CRC mainly include uplift, ulceration, and infiltration
(12). The pathological histological types mainly include papillary adenocarci-
noma, tubular adenocarcinoma, mucinous adenocarcinoma, signet-ring cell
carcinoma, undifferentiated carcinoma, adenosquamous carcinoma, squamous
cell carcinoma, and carcinoid carcinoma (12). Adenocarcinoma has the highest
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incidence, accounting for more than 90% (colon cancer). Ji et al. analyzed the clini-
cal data of 1092 primary CRC patients and found that adenocarcinoma accounted
for 93.4%, mucinous adenocarcinoma and signet ring cell carcinoma accounted for
3.9% and 0.6% respectively, and carcinoid accounted for 0.2% (20). CRC spreads
and metastasizes mainly through the following four pathways:

Local invasion: The tumor infiltrates into the local area of the primary lesion and
adjacent structures.

Lymphatic metastasis: The neoplastic cells use the intramucosal lymphatic
system to reach regional lymph nodes, eventually causing distant lymph node
metastasis; about 60% of CRC metastasis occurs through this route (3).

Hematogenous metastasis: The cancer cells spread via the blood vessels. The most
common target organs of CRC through hematogenous metastasis are liver and
lung; about 30% of CRC are transferred through this route (3).

Implantation and metastasis: After the cancer cells fell off, they are implanted
in the abdomen and pelvic peritoneum to form metastatic foci (3).

CLINICAL MANIFESTATIONS

Early CRC is often asymptomatic (19). With the progress of the disease, the fol-
lowing symptoms will generally occur.

“Hematochezia: In small amount of hematochezia, general stool has no visible
changes, but fecal occultation test can be positive; blood stool, mucus blood
stool, or jam-like stool may appear when there is a lot of blood in the stool (3).

Intestinal obstruction: It is often a characteristic of advanced CRC; abdominal
pain, abdominal distention, nausea, vomiting, exhaustion, and defecation will
occur when intestinal obstruction caused by the enlargement of the mass (3).

Abdominal mass: It usually occurs in the right colon cancer; this symptom is a
mass enlargement to a certain extent, palpable abdominal mass.

Systemic symptoms: CRC generally has no obvious symptoms at the early stage,
so the course of the disease is relatively long, leading to tumor proliferation,
cachexia, anemia, emaciation, and other symptoms.

Due to the different anatomical and physiological functions of colon and rectum,
the clinical manifestations of tumors in different anatomical sites are also different.
Generally, abdominal mass and systemic symptoms are more common in right
colon cancer, blood stool and obstruction are more common in left colon cancer,
and changes in defecation habits are more common in rectal cancer (3).

DIAGNOSIS

Most CRC patients have no obvious clinical symptoms at the early stage, resulting
in a low early diagnosis rate. Many patients are diagnosed at an advanced stage,
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losing the opportunity for radical treatment. In general, it is clinically recom-
mended that those over 20 years of age with the following symptoms require
further investigation: (i) recent persistent abdominal discomfort, such as abdomi-
nal pain, gas, etc.; (ii) changes in defecation habits, such as diarrhea, constipation,
or both, and changes in stool shape; (iii) blood in stool or mucous blood stool; (v)
unexplained anemia or progressive weight loss; and (vi) abdominal mass (21) .

Further examination includes routine physical and other examinations. Digital
rectal examination is recommended for patients suspected of rectal cancer. Other
examinations include: (i) fecal occult blood test (FOBT)—positive results can be
obtained with about 5 ml of bleeding in the digestive tract, so it has a certain clini-
cal value for the screening and diagnosis of CRC (3); (ii) tumor markers—there
are no specific tumor markers for CRC but currently, CEA (carcinoembryonic
antigen) and CA19-9 (carbohydrate Antigen 19-9) are commonly used, and the
sensitivity of combined detection of CEA and CA19-9 is higher than that of each
separately, which has important clinical significance for the evaluation of thera-
peutic effect and monitoring of disease recurrence (3); (iii) endoscopy—colorectal
endoscopy directly observes the position, size, and shape of the lesion, and the
most important is feasible pathological tissue biopsy; (iv) X-ray—X-ray examina-
tion after barium enema can find signs of filling defect and mucosal destruction at
the tumor site. Gas-barium double-contrast acts on the detection of colon cancer
with small lesion, but it is not suitable for patients with intestinal obstruction; (v)
ultrasound—ultrasonography has a certain effect on the detection of intestinal
masses and abdominal lymph nodes; (vi) computed tomography (CT)—CT is of
great diagnostic value for displaying the size of lesions, the relationship with adja-
cent tissues and organs, abdominal lymph nodes, and other conditions, which
can assist in clinical staging; (vii) nuclear magnetic resonance (NMR)—similar to
CT, but higher tissue resolution than CT examination, especially for pelvic lesions,
such as rectal cancer, preoperative evaluation of great clinical value; and (viii)
positron emission computed tomography (PET/CT)—it provides information on
the anatomical site and metabolic characteristics of the tumor, and has great
guidance for the diagnosis, preoperative staging, and recurrence assessment of
CRC (3, 21, 22).

TREATMENT

The treatment principle of CRC is an individualized comprehensive treatment
based on surgery, supplemented by chemotherapy, radiotherapy, molecular tar-
geted therapy, immunotherapy, and other programs (21, 23). Studies have shown
that the 5-year survival rate of patients with early CRC, who receive surgery-based
treatment, is more than 90% (24).Therefore, surgery remains the cornerstone of
CRC treatment. For initially inoperable CRC patients, and some CRC patients
with metastasis, the feasibility of surgery should be evaluated after neoadjuvant
therapy to strive for the opportunity of surgical treatment. The surgical methods
mainly include radical surgery and palliative surgery (21) .

CRC chemotherapy mainly includes neoadjuvant chemotherapy, adjuvant
chemotherapy after radical surgery, and palliative chemotherapy (25). Neoadjuvant
chemotherapy is often used in combination with radiotherapy, which can reduce
the clinical stage of the tumor, strive for the opportunity of surgery, improve the



“ Duan B et al.

quality of life of patients, and reduce postoperative recurrence. Adjuvant
chemotherapy can eliminate the remaining tumor cells after radical surgery and
further consolidate the effect of radical surgery. The purpose of palliative chemo-
therapy is to improve the quality of life and prolong the survival time of patients
with advanced CRC. Commonly used chemotherapy drugs include fluorouracil,
irinotecan, oxaliplatin, and raltitrexed. The above chemotherapy drugs are often
used in combination, and commonly used combination chemotherapy regimens
include FOLFOX, FOLFIRI, CAPEOX, FOLFOXIRI, etc. (26).

The application of molecularly targeted drugs has brought significant benefits
to CRC patients. Currently, molecularly targeted drugs used in the clinical treat-
ment of CRC mainly include two types, one is anti-angiogenesis drugs repre-
sented by bevacizumab and the other is anti-epidermal growth factor drugs
represented by cetuximab. Clinically, molecular-targeted drugs are recommended
to be used in combination with chemotherapeutic drugs, because they are non-
cytotoxic drugs and have relatively mild adverse reactions, which generally do not
significantly increase the adverse reactions of chemotherapy (23).

Radiotherapy is mainly used for rectal cancer patients, which can improve
local control rate, improve quality of life, and prolong survival. The radiotherapy
schemes for rectal cancer mainly include preoperative radiotherapy, preoperative
concurrent chemoradiotherapy, and postoperative concurrent chemoradiotherapy
combined with adjuvant chemotherapy (27).

Recent studies have shown that immunotherapy can prolong survival in CRC
patients (28). Other treatments include hyperthermia combined with chemother-
apy or radiotherapy, biotherapy, traditional Chinese medicine, local cryotherapy,
radiofrequency therapy, and palliative care (21).

PREVENTION AND PROGNOSIS

According to the pathogenic factors of CRC, the prevention methods of CRC
include: (i) diet—intake of fresh vegetables, fruits, crude fiber food, appropriate
minerals and trace elements such as calcium, magnesium, and vitamin D (25); (ii)
lifestyle management—quitting smoking, limiting alcohol consumption, proper
exercise, and weight control; (iii) active treatment of benign colorectal diseases,
such as polyps, adenomas, ulcerative colitis, and Crohn’s disease; (iv) regular
screening—early screening to prevent CRC is very important (29).

In the literature, primary prevention has been reported to play a 35% role in
reducing CRC mortality, secondary prevention through early screening for CRC
has been reported to play a 53% role, and prescriptive treatment of patients diag-
nosed with CRC has been reported to play a 12% role (29-31).

The disease stage at initial diagnosis is the most important prognostic indicator
of CRC. It has been reported that the 5-year survival rate of patients with localized
CRC, who can be surgically resected, is about 90%), while the 5-year survival rate
of advanced CRC patients who lose the opportunity of surgical treatment is
reduced to about 10% (32).The natural course of progression from normal
colorectal epithelial cells to benign lesions such as adenomas and eventually to
cancer is generally 5-10 years (24).This process often involves abnormal changes
of multiple genes, such as APC, DCC, P53, K-RAS, C-MYC, BRAF, MCC, and
MMR-related genes. Early screening to detect limited-stage lesions in this time
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window and clinical intervention is crucial to improve the prognosis of CRC
patients (24, 33).

Currently, common screening and diagnosis methods for CRC include FOBT,
fecal immunohistochemistry (FIT), tumor markers, and colonoscopy. FOBT is
an economical and non-invasive screening method, but its sensitivity to the
diagnosis of CRC is less than 50%. Although the sensitivity and specificity of
FIT are higher than FOBT (78% and 96%, respectively) (34), and diet restric-
tion is not required, the detection results of the FIT are susceptible to non-
hemorrhagic tumors and hemorrhagic non-tumor diseases (35, 36). On the
other hand, patients, and their family members’ aversion to handling stool spec-
imens restrict the development of this examination. Data from the UK study
showed that only 50% of patients undergoing FOBT had a specimen sent
in (37). Although more user-friendly DNA-based stool tests have been intro-
duced in the UK, the delivery of fecal samples remains a major challenge. Blood
samples can dynamically reflect the physiological and pathological state of the
body in real-time, and it is easy to obtain. CRC markers in blood samples mainly
include CEA and CA19-9, which are currently clinically used to evaluate the
efficacy of anti-tumor therapy and monitor the recurrence of the disease with
low sensitivity and specificity (40-70% and 73-90%, respectively) (37, 38). It
has been reported that CEA fluctuates greatly in healthy individuals, and its
variation in the same individual can reach 30%, leading to controversy over its
value in screening asymptomatic people and diagnosing CRC (39). Therefore,
CEA and CA19-9 are not suitable as screening and diagnostic markers for CRC.
Colonoscopy can visually observe the shape, size, and location of colorectal
lesions. Most importantly, it can obtain pathological biopsy specimens, which is
an important means for CRC screening and diagnosis (32, 40). In the light of
large proportion of CRC cases and that deaths could be prevented by screening
and early detection and removal of colorectal adenomas or early stage CRC,
colonoscopy screening could reduce mortality from colon cancer (41). However,
colonoscopy is an invasive examination method that requires intestinal prepara-
tion, leading to poor patient compliance and potential examination-related
risks, such as intestinal perforation (32). The accuracy of colonoscopy varies
greatly due to technology-related factors (such as operator experience, bowel
preparation, and examination duration) and disease-related factors (such as
lesion size, number, and anatomical site) (19). Histology, genetic abnormalities,
and screening methods in the occurrence and development of CRC are shown
in Figure 2.

CONCLUSION

In conclusion, the incidence and mortality of CRC is high and increasing year by
year. Although early diagnosis can significantly improve the prognosis, CRC
patients often have no typical clinical manifestations or exhibit only non-specific
signs in the early stage, and there are shortcomings in the currently used clinical
screening and diagnosis methods, resulting in a low rate of early diagnosis of
CRC. Therefore, it is of great value for the diagnosis and treatment of CRC to find
CRC screening and diagnosis methods with safety, compliance, high sensitivity
and specificity, and a good economic benefit ratio (22, 38).
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