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A B S T R A C T   

As the third most common malignancy and the second most deadly cancer, colorectal cancer (CRC) induces 
estimated 1.9 million incidence cases and 0.9 million deaths worldwide in 2020. The incidence of CRC is higher 
in highly developed countries, and it is increasing in middle- and low-income countries due to westernization. 
Moreover, a rising incidence of early-onset CRC is also emerging. The large number of CRC cases poses a growing 
global public health challenge. Raising awareness of CRC is important to promote healthy lifestyle choices, novel 
strategies for CRC management, and implementation of global screening programs, which are critical to reducing 
CRC morbidity and mortality in the future. CRC is a heterogeneous disease, and its subtype affiliation influences 
prognosis and therapeutic response. An accurate CRC subtype classification system is of great significance for 
basic research and clinical outcome. Here, we present the global epidemiology of CRC in 2020 and projections for 
2040, review the major CRC subtypes to better understand CRC molecular basis, and summarize current risk 
factors, prevention, and screening strategies for CRC.   

Introduction 

The advancements made in understanding colorectal cancer (CRC) 
pathophysiology have led to the increased treatment options, including 
endoscopic and surgical excision, radiotherapy, immunotherapy, palli
ative chemotherapy, targeted therapy, and extensive surgery and local 
ablative therapies for metastases [1, 2]. These treatments have effec
tively inhibited cancer progression and prolonged overall survival. The 
implementation of population-based screen of CRC such as fecal occult 
blood test and endoscopy, also greatly enhances the overall survival and 
leads to good prospects of a cure for CRC [3–6]. In the United States, the 
mortality rates of CRC have been in a long-term decline through 2017, 
even as the reduction among women has slowed down recently [7]. 
However, CRC is still the third most commonly diagnosed cancer in 
recent years, and the second leading cause of cancer death globally due 
to the unmet screening programs, therapeutic strategy, and increasing 
incidence rates. 

In 2020, CRC accounts for 10% of global cancer incidence and 9.4% 
of cancer deaths, just lower than lung cancer that comprises 18% of 
deaths. The global number of new CRC cases is predicted to reach 3.2 
million in 2040, based on the projection of aging, population growth, 
and human development. The increase in CRC incidence is mainly 
attributed to the elevated exposure to environmental risk factors 
resulting from shifting lifestyle and diet toward westernization [8, 9]. 

Although the prospect for CRC therapy is generally good, the 
increasing number of CRC cases and rising incidence among younger 
generations [8, 10, 11] still pose a heavy financial burden and a huge 
public health challenge. Declined or stabilized CRC incidence has been 
observed in limited countries with very high human development [12, 
13], that mainly benefits from the healthier lifestyle and the establish
ment of screening program a decade ago [14]. However, a marked 
disparity of survival rates is documented, even in highly developed 
countries [15]. The stages at which CRC is diagnosed partly explain the 
differences in survival. The symptoms of CRC only appear at the 
advanced stages. Early detection is an important determinant in pre
venting metastasis, reducing mortality, and improving prognosis and 
quality of future life [16]. In this review, we described the current global 
prevalence of CRC, predicted the trends to 2040, and summarized the 
subtypes and risk factors of CRC. These statistical analyses highlight the 
necessity of a healthy lifestyle to reduce risk factors, CRC screening 
program for early detection, and new researches on better prevention 
and treatment of CRC. 

Epidemiology 

The prevalence of CRC has been dramatically growing at an alarming 
rate globally in recent years. There are estimated 1.93 million new CRC 
cases diagnosed, and 0.94 million CRC caused deaths in 2020 
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worldwide, representing 10% of the global cancer incidence (total 19.29 
million new cases) and 9.4% of all cancer caused deaths (total 9.96 
million deaths) (Fig. 1A and B). CRC is the third leading cause of cancer 
related deaths in both genders worldwide, with estimated 515,637 
deaths among males and 419,536 deaths among females in 2020. Today, 
more than 5.25 million (5-year prevalence) people worldwide are living 
with CRC, only less than breast cancer, which causes 7.79 million cancer 
cases. Great efforts and advancements have been made to better un
derstand the pathophysiology of CRC and expand treatment options, 
including endoscopic resection, surgical local excision, targeted therapy, 
radiation therapy, ablative therapies, chemotherapy, and immuno
therapy, which double the overall survival of advanced CRC to three 
years [1]. Whereas, significant differences in CRC survival rate have 
been observed, even in most highly developed countries. Diagnosis at 
the different clinical stages of CRC may partially explain the marked 
differences in survival rates [15]. CRC is generally asymptomatic. When 
the symptoms of CRC appear, such as rectal bleeding, anemia, or 
abdominal pain, most patients are already in the advanced stage where 
cancers are aggressive, malignant, and metastatic. Diagnosis at 
advanced stages is one of the determinants of the disparity in survival 
and a large number of CRC deaths worldwide. Thus, population-based 
screening programs have been widely proposed and implemented in 
some highly developed countries since more than 10 years ago, with the 
aim of shifting CRC distribution to early stages and improving therapy 
outcomes [3, 17, 18]. 

According to estimates from GLOBOCAN 2020[19], there are 1.15 
million new cases of colon cancer, 0.7 million new cases of rectal can
cers, and 50,000 new cases of anal cancer in 2020 globally. With 
continuous progress, these numbers are predicted to increase to 1.92 
million, 1.16 million, and 78,000 in 2040, respectively, as shown in 
Table 1. All projections for 2040 were extracted from CANCER 
TOMORROW on the Global Cancer Observatory (https://gco.iarc.fr/). 

CRC incidences vary by countries [19, 20]. At the country level, 
Hungary, Slovakia, Norway, the Netherlands, and Denmark, have the 
highest age-standardized incidence rates, with the rates of 45.3, 43.9, 
41.9, 41.0, and 40.9 cases per 100,000 persons, respectively, in 2020. 
The lowest age-standardized incidence rates in 2020 are observed in 
Guinea, Gambia, Bangladesh, Bhutan, and Burkina Faso, with rates of 
3.3, 3.7, 3.8, 3.8, and 3.8 cases per 100,000 persons. Fig. 2 shows the top 
10 and bottom 10 countries with the highest and lowest estimated 
age-standardized incidence rankings in 2020. The incidence of CRC 
appears to be positively correlated with the Human Development Index 

(HDI) (Fig. 3). The incidence rates of CRC in countries with very high 
HDI are about 4 folds of countries with low HDI. The incidence of CRC is 
stabilizing or declining in highly developed countries, albeit at a high 
basal level. Nevertheless, it is increasing rapidly in less developed 
countries due to the increased exposure to CRC risk factors. 

China and the United States have the highest estimated number of 
CRC new cases in 2020, and the number of new cases is expected to grow 
continuously over the next 20 years based on demographic factors. The 
number of CRC incident cases in China is increased by 64% from 0.56 
million in 2020 to 0.91 million in 2040. In the United States, approxi
mately 4.4% males (1 in 23) and 4.1% females (1 in 25) will develop and 
be diagnosed with CRC during their lifetime [7]. In 2020, there are 0.16 
million estimated new CRC cases in the United States, and the number 
will reach 0.21 million in 2040. Japan has an estimated 148,500 new 
CRC cases and 60,000 CRC deaths in 2020, and the number of incident 
cases is predicted to reach 0.16 million after two decades. In addition, 
the Russian Federation, India, Germany, Brazil, the United Kingdom, 
Italy, and France are also among the top 10 countries with the highest 

Fig. 1. Estimates and proportion of incident cases and deaths of major cancer 
types worldwide in 2020. (A)Estimated number of new cancer cases in 2020 
worldwide. (B) Estimated number of cancer-related deaths in 2020 worldwide. 
Source: GLOBOCAN 2020. 

Table 1 
Estimated number of new cases from 2020 to 2040.  

Cancer sites 2020 2040 

Colon 1,148,515 1,916,781 
Rectum 732,210 1,160,296 
Anus 50,865 77,597 
Total 1,931,590 3,154,674  

Fig. 2. Top 10 and bottom 10 countries for estimated age-standardized CRC 
incidence in 2020. Data are derived from GLOBOCAN 2020. 

Fig. 3. Estimated age-standardized CRC incidence by regions in 2020 except 
China and India. HDI, Human Development Index. 
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incidence cases of CRC in 2020. Here, we presented the estimated CRC 
incident cases (Fig. 4) and deaths (Fig. 5) in the top 10 countries in 2020 
and projections for 2040. 

Subtypes of CRC 

The colon and rectum make up the large intestine (also called large 
bowel), which is the final segment of gastrointestinal system. Tradi
tionally, three segments of cancer location define the subtypes of CRC: 
proximal colon, distal colon, and rectum [8, 21]. Heterogeneity of CRC 
risk factors at different anatomical sites has been reported. For instance, 
smoking is accompanied with a greater risk of proximal colon and rectal 
cancers, but not with distal colon cancer [22, 23]. Physical activity 
inversely correlates with the risk of proximal and distal colon cancer, but 
not with rectal cancer [22]. Heterogeneity of these risk factors may 
partially result from the distinct microbial loads, corresponding micro
bial metabolites, and host characteristics. 

Several types of cancers affect colorectum. Adenocarcinoma from 
mucus producing cells is the most common type of CRCs. CRCs also 
include other less common types of cancers: carcinoid tumors, gastro
intestinal stromal tumors, lymphomas, and sarcomas. 

Currently, to better predict the therapeutic response and prognosis of 
patients with CRC, a number of classification criteria are proposed based 
on the molecular basis. CRC occurs as a result of multiple carcinogenic 
events: serrated adenomas, adenoma-carcinoma sequence, and inflam
mation [24, 25]. The unmanaged occurrence of carcinogenic events 
facilitates the progressive accumulation of genetic mutations and 
epigenetic modifications, that drive the transformation of normal cells 
into uncontrolled adenoma, and may eventually lead to CRC. Genomic 
instability, a key factor responsible for global genetic aberrations and 
the consequent carcinogenesis, comprises three major aberrant events: 
microsatellite instability (MSI), CpG island methylator phenotype 
(CIMP), and chromosomal instability (CIN) [26]. Therefore, certain 
single molecular markers involved in these events were used to classify 
CRC patients into relevant clinical subtypes [27, 28]. For instance, 
MSI-high CRC is more resistant to adjuvant 5-fluorouracil (5-FU)-based 
chemotherapy [29]. Although these molecular events contribute to the 
distinct phenotypic exhibitions, they are not completely mutually 
exclusive [8, 30, 31]. Inconsistencies between subtypes based on single 
molecular classification and clinical outcomes often occur. Single mo
lecular markers can only predict clinical outcomes in limited patients 
[32–34]. To better elucidate the connection between molecular events 
and clinical response, the combination of multiple molecular markers to 
define the classification of CRC patients has been proposed to obtain 
more accurate prognostications [35–38]. In 2007, Jass reported that the 
phenotypic exhibition of malignancy depends on genetic and epigenetic 

landscape of CRC, especially the dysregulation of growth-related path
ways [39]. Given that molecular features and morphology are more 
reliable to define CRC subtypes, five CRC basic subtypes were proposed 
based on the status of MSI, CIMP, and well-known CRC diver gene 
BRAF/KRAS mutation [39]. In 2015, a new classification system with 
four consensus molecular subtypes (CMSs) was established by Colorectal 
Cancer Subtyping Consortium for unifying categorization and better 
designing regimens for specific CRC subtypes [40]. These four CMSs 
have distinctive characteristics. As summarized in Fig. 6, CMS1 repre
sents 14% of CRC characterized by MSI immune. CMS2 is a kind of 
classical CRC type representing 37% of CRC cases. CMS2 biopsies exhibit 
high epithelial differentiation and remarkable activation of WNT and 
MYC signaling pathways. Enrichment of metabolic signatures and 
KRAS-activating mutations are observed in CMS3, which accounts for 
13% CRCs. CMS4 tumors show extensive stromal invasion and upregu
lation of genes related to epithelial mesenchymal transition, and 
comprise 23% of all CRCs. Despite numerous proposed subtype defini
tions, none of them accurately predicts the therapeutic response and 
patient survival [38, 41, 42]. 

The associations between the CMS subtypes and clinical outcomes 
were observed. CMS1 is usually a right-sided (proximal) colon cancer 
and is commonly diagnosed in females. Historically metastatic CMS1 at 
the advanced stage showed a poor survival rate due to the chemotherapy 

Fig. 4. The number of new CRC cases in top 10 countries with highest incident 
cases in 2020 and projections for 2040. 

Fig. 5. Deaths from CRC in top 10 countries with highest incident cases in 2020 
and projections for 2040. 

Fig. 6. Four consensus molecular subtypes of CRC and their key distinguish
ing features. 

Y. Xi and P. Xu                                                                                                                                                                                                                                 



Translational Oncology 14 (2021) 101174

4

resistance and higher pathological grade [40]. Patients with CMS1 CRC 
showed good clinical outcomes when receiving immune checkpoint 
blockade therapy such as PD1 blocker, and obtained convenient features 
such as infiltration of cytotoxic T lymphocytes and elevated neoantigens 
[1, 43, 44]. However, anti-EGFR therapies do not benefit patients with 
right-sided metastatic CRC in the first-line setting [45]. CMS1 
BRAF-V600E mutant CRC is aggressive. Triplet chemotherapy (fluo
ropyrimidine, irinotecan, and oxaliplatin) combined with bevacizumab 
and combination strategies of anti-EGFR antibodies, BRAF-inhibitors, 
and MEK inhibitors or chemotherapy significantly improve clinical 
outcome and have been added to consensus guidelines [46–48]. In 
contrast, CMS2 is mainly left-sided (distal colon cancer) and frequently 
diagnosed in males with better prognosis and superior survival rate even 
after relapse [40]. High expression of β-catenin in CMS2 is associated 
with poor prognosis and CRC progression [49]. Overrepresentation of 
KRAS gene mutation in CMS3 tumors that are mostly right-sided results 
in the constitutive activation of MAPK pathway and is associated with 
worse clinical outcomes [50, 51]. CMS4 tumors, although commonly 
left-sided, are always diagnosed at an advanced stage and have worse 
overall and relapse-free survival. In CMS4, the percentage of stromal 
cells inversely correlates with the prognosis [52]. Thus, targeting TGFβ 
in stromal cells potentially suppresses cancer progression and metastasis 
[53, 54]. 

CRC is a heterogeneous disease, and the different subtype affiliation 
influences prognosis and therapeutic response. However, these proposed 
subtype definitions still can not accurately depict the therapeutic 
response and patient survival in all CRC clinical cases. Further studies 
are still needed to establish a more comprehensive classification system 
that can be routinely applied in clinical practice. 

Risk factors 

Sex, age, and race 

Colorectal cancer statistics in the United States reported gender 
disparities in CRC incidence. Although lifetime risk is similar for both 
genders (4.4% in men and 4.1% in women) in the United States, the age- 
standardized incidence of CRC in men is 31% higher than in women due 
to a shorter life expectancy [55]. In 2020, the global CRC incidence rate 
in men (23.4 cases per 100,000 persons) is 44% higher than that in 
women (16.2 cases per 100,000 persons). And a greater disparity is 
observed in rectal cancer compared to colon cancer. In men, 9.8 rectal 
cancer cases and 13.1 colon cancer cases are diagnosed in 100,000 in
dividuals, and these numbers are 75 and 31% higher than that in 
women, respectively (5.6 cases and 10.0 cases per 100,000 persons). 
However, a multinational cohort study in 10 European countries showed 
that the prevalence of proximal colon cancer was higher among women 
[22]. Moreover, the preferential location of CRC shifts to proximal colon 
with age, especially in white and black patients [56], that further in
creases the incidence of proximal colon cancer in women compared to 
men. Cancer is considered an aging disease. The incidence and mortality 
of CRC are dramatically increased after age 50 years (86.3 versus 2.9, 
40.9 versus 0.99 per 100,000 persons in 2020). Despite the declined or 
stabilized CRC incidence in some countries, the incidence of early-onset 
CRC, mainly rectal cancer, has increased in younger generations 
[57–62]. Rectal cancer has been reported to be more prevalent in Asians 
[8]. According to the data on GLOBOCAN 2020, we found that colon 
cancer still accounts for a higher proportion of CRC in Asians than rectal 
cancer. In 2020, 569,186 and 423,569 patients were diagnosed with 
colon and rectal cancer, respectively, in Asia. At the levels of world 
areas, there are 315,185, 48,649, 43,768, and 15,967 new rectal cancer 
cases in Eastern Asia, South-Eastern Asia, South-Central Asia, and 
Western Asia in 2020, that are lower than 436,272, 56,065, 51,888, 24, 
961 new cases of colon cancer, individually. 

No ethnic differences were reported in the frequency of MSI and 
driver gene mutations, such as TP53, KRAS, BRAF, and APC [8, 63]. 

Although the incidence of CRC is higher in African Americans and rectal 
cancer is more prevalent in Asians [64, 65], modifiable risk factors are 
still the major drivers of all CRC incidence. The descriptive epidemi
ology of racial and regional differences in CMS subtypes of CRC remains 
to be defined. 

Genetic risk factors 

Sporadic CRC cases, with no family history or inherited genomic 
alterations, comprise 60–65% of all CRC cases [8, 66]. The initiation of 
sporadic CRC is largely attributed to acquired somatic genetic mutations 
or epigenetic alterations induced by modifiable risk factors [67]. The 
remaining 35–40% of CRC patients exhibit susceptibility to heritable 
components [8, 68, 69]. These components include family history, but 
without obvious genetic predisposition, hereditary cancer syndromes, 
such as Lynch syndrome, low-penetrance genetic variations, and other 
unknown inherited genomic aberrations [70–72]. It is worth noting that 
environmental factors substantially contribute to carcinogenesis in all 
CRC cases. Even in patients with a family history, acquired genomic 
alterations may still be a major cause of CRC development. 

Modifiable risk factors 

In addition to genetic risk factors, CRC incidence and mortality are 
also greatly affected by some largely modifiable risk factors, including 
low physical activity, overweight and obesity, poor diet, excessive 
alcohol intake, smoking, chronic inflammatory bowel disease (IBD), and 
gut microbiota. 

Physical inactivity and sedentary lifestyle are positively correlated 
with the risk of colon cancer, but not rectal cancer. The risk of colon 
cancer in people who are sedentary is increased by 25–50% compared to 
people physically active [73]. Physical activity may reduce the risk of 
CRC by inhibition of fat accumulation, inflammation suppression, and 
improving gut motility and metabolic hormones [74]. Overweight and 
obesity are established CRC risk factors [75–78]. The risk of colon 
cancer and rectal cancer in obese men is 50 and 25% higher than in 
normal-weight men. Whereas the risk of colon cancer is only increased 
by 10% in obese women, with no increase in the risk of rectal cancer 
[79]. Early body mass index (BMI) is thought to be a more important risk 
factor for colon cancer in women. On the contrary, late body weight gain 
has a greater impact on CRC risk in men [80]. 

Diet can influence the risk of CRC directly through dietary elements, 
or indirectly through gut microbiome or body weight gain. Healthy di
etary patterns are characterized by high intake of insoluble fiber, veg
etables, fruits, and low-fat milk. High consumption of processed foods, 
red meats and refined carbohydrates, and low calcium diet facilitate 
inflammatory response and increase the risk of CRC [81–84]. 

Acetaldehyde is a primary ethanol metabolite catalyzed by alcohol 
dehydrogenase. It has been identified as a human carcinogen due to its 
damage to the intestinal mucosa and the stimulation of cell proliferation 
[85, 86]. Acetaldehyde dehydrogenase (ALDH) is highly expressed in 
the liver and is responsible for metabolizing acetaldehyde to less toxic 
acetate. ALDH2×2 (E504K) variant, a mutant ALDH enzyme, is present 
in 45% of East Asians. Following excess alcohol consumption, carriers of 
this inactive variant are more likely to develop severe toxicity by the 
accumulation of acetaldehyde [87, 88]. However, the role of less active 
ALDH2 in the development of CRC remains inconclusive. 

Sufficient evidence has shown that smoking is a strong and estab
lished risk factor for CRC. The components of tobacco smoke directly 
damage the colorectal mucosa and cause further genetic or epigenetic 
alterations [22, 89, 90]. In addition to the effect of smoking on CRC 
initiation, current smokers also exhibit poor CRC survival [91]. Smoking 
cessation over 10 years reverses high levels of DNA methylation [92] 
and reduces the risk of CIMP-high CRC by 50% [93], suggesting the 
reversibility of increased risk of CRC by smoking. 

The risk of CRC in IBD patients is approximately 2.4 times higher 
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than in normal subjects [94–96]. Unmanaged IBD, particularly ulcera
tive colitis, may progress to dysplasia, and eventually result in CRC 
[97–99]. The role of gut microbiome in CRC is influenced by the 
composition of microbiota and the abundance of specific species. Anti
biotic administration is associated with an increased risk of CRC due to 
dysbiosis [100,102]. The dual functions of microbiota have led re
searchers to investigate the causal role of specific species in CRC 
development. Hence, manipulation of gut microbiome might be a novel 
strategy for the prevention and treatment of CRC. 

Current prevention strategies 

As the third most common malignancy, CRC has become a heavy 
financial burden and global health challenge. Therefore, prevention 
strategies are crucial to reducing CRC risk and the number of new cases. 
Primary prevention of CRC includes regular physical activity, a healthy 
diet of milk, fruit, vegetables, whole grains, and nuts with sufficient 
calcium, vitamins, and fiber, smoking cessation, limiting alcohol con
sumption. Meanwhile, some anti-inflammatory agents have shown 
chemopreventive potential against CRC. Regular use of aspirin and other 
nonsteroidal anti-inflammatory drugs reduces the risk of CRC 
[103–106]. However, it remains unclear how to match the interventions 
to target users who will benefit, and how to personalize the prevention 
strategy, including dose and duration to avoid possible adverse effects 
like gastrointestinal bleeding [1, 107]. Screening, secondary prevention, 
is considered the most effective method to prevent CRC development by 
eliminating precancerous lesions and increasing early detection. Two 
step screening strategy is commonly used in clinical practice [1, 108, 
109]. It consists of highly sensitive stool-based tests to detect molecular 
markers and blood, and visual examinations to observe the colon and 
rectum directly [110–112]. Stool-based tests, such as fecal immuno
chemical test, guaiac-based fecal occult blood test, and stool DNA 
testing, are non-invasive screening options, that are widely used for 
population screening programs because no special preparation is 
required. If the test is positive, invasive endoscopic methods, such as 
colonoscopy, CT colonography, and sigmoidoscopy, will be performed 
to further confirm the abnormal results. American cancer society CRC 
screening recommends regular screening for people aged 45 years and 
older [113, 114]. For people who are at high risk of CRC due to ulcer
ative colitis, previous adenomas, or family history, regular screening 
should be started earlier. 

Future prospects 

In this review, we summarize the global epidemiology of CRC in 
2020 including new cases, caused deaths, and incidence rates by gen
ders, cancer locations, and top 10 countries, and corresponding pro
jections for 2040. The incidence and mortality of CRC indicate a 
variation in gender and geographic region. China, the United States, and 
Japan are the top three countries with the highest incidence cases and 
deaths of CRC. Furthermore, the incidence of CRC is positively corre
lated with HDI level. Age-standardized incidence of CRC is higher in 
regions with high HDI, but lowest in countries with medium HDI. In 
order to reduce the number of CRC cases in the coming decades, 
resource-based targeted interventions, including primary prevention 
among low-income people and early screening detection in high-income 
settings, are necessary. 

In addition, CRC is a heterogeneous disease, and its subtype affilia
tion is proposed for better clinical stratification. However, the connec
tive system of optimal treatment selection and accurate prediction of 
therapeutic response by CRC subtypes based on molecular and biolog
ical features is yet to be established. Thus, further studies and statistics 
are still required to explore the clinical and prognostic associations of 
the established CRC subtypes for a better translation from basic research 
into clinical practice. 
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