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Abstract
Background: Researchers believe the role of gut microbiota 
dysbiosis in the raised incidence of early-onset colorectal 
cancer (EOCRC). The development of EOCRC may be associ-
ated with microbiota dysbiosis either dependently or inde-
pendently (combined with other risk factors). Summary: Re-
cently, the rising of incidence and mortality of EOCRC have 
been noted. Some researchers are looking for risk factors 
influencing this fact. They hypothesize that it may be be-
cause of microbiota dysbiosis. Microbiota dysbiosis has 
been known to promote cancer development through im-
munity dysregulation and chronic inflammation. Microbi-
omes profile in late-onset colorectal cancer (LOCRC) among 
older patients has been documented, but there is still lack 
of data about microbial profiles among younger colorectal 
cancer (CRC) patients. This review tries to explain microbial 
profiles differences between EOCRC and LOCRC as a poten-
tial diagnostic biomarker in the future, and whether micro-
biota can have a role in EOCRC genesis. Key Messages: Mi-

crobiota does vary with age, and EOCRC may be associated 
with colonization of some specific bacteria. Further studies 
about gut microbiota profiles in EOCRC and LOCRC may 
provide a new insight on diagnostic biomarker of CRC.

© 2021 S. Karger AG, Basel

Introduction

Based on GLOBOCAN 2018 data, colorectal cancer 
(CRC) is the third most lethal and the fourth most com-
monly diagnosed cancer all over the world for both sexes 
[1]. CRC incidence has been rising especially in the devel-
oping countries worldwide [1–3]. CRC is the second most 
common cause of death in US [4]. CRC has caused about 
500,000 deaths per year worldwide [5]. Around 5% of the 
population in Western countries will develop CRC [6].

CRC is widely considered as a disease that affects peo-
ple after fifth decade of life (late-onset CRC [LOCRC]), 
but recently a greater incidence of young-age CRC (early-
onset CRC [EOCRC]) patients have been documented [3, 
7]. In some literatures, EOCRC is defined as patients who 
are diagnosed with CRC <50 years of age [8, 9]. American 
Cancer Society in 2020 reported declines in incidence and 
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mortality of CRC patients older than 65 years (3.3 and 3% 
annually). Interestingly, among patients younger than 50 
years, the incidence and mortality rate have increased (2 
and 1.3% annually) [4]. In Dr. Cipto Mangunkusumo Na-
tional General Hospital, Indonesia, the incidence of CRC 
<30 years old increased from 4.4% in 2002–2006 to 9% in 
2007–2011 (p = 0.051) [10]. Among 316 CRC patients 
during 2014–2016 in the same hospital, there were 38 pa-
tients aged <45 years (26.8%) [11]. This increase in EO-
CRC is believed by researchers because of a more seden-
tary lifestyle, modern dietary factors, and obesity [3, 8, 12].

Nowadays, the study of intestinal microbiota has pro-
vided a new biomarker for CRC because many metabolic, 
structural, and immunological functions are performed 
by microbiota [13]. Gut microbiota dysbiosis (imbalance 
of normal content) and chemical compounds produced 
by microbiota (acetaldehyde and N-nitrates) are key fac-
tors for chronic inflammation [6, 14]. Gut microbiota can 
induce CRC development by inducing chronic inflam-
mation, producing toxic metabolites, and changing stem 
cell dynamics [15]. The inflammation induces environ-
mental changes and colonization of other bacteria which 
promotes carcinogenesis [14].

EOCRC incidence has risen and some scientists have 
hypothesized the contribution of intratumoral microbio-
ta because there were not any significant genetic differ-
ences between younger and older CRC patients. Certain 
microbes can induce inflammation and disturb the lining 
of the colon. These can promote DNA damage and muta-
tion which then lead to cancer [16]. This review will dis-
cuss about EOCRC, role of gut microbiota in CRC patho-
genesis, and microbial profiles in CRC patients. We will 
finally discuss about the difference between gut micro-
biota profiles in EOCRC and LOCRC as a potential bio-
marker in the future, which is still an interesting topic to 
be studied nowadays.

CRC and EOCRC

Accumulation of genetic and environmental factors in-
fluences CRC genesis. Most of CRC occurs sporadically 
and less than one fifth of CRC are hereditary. Some risk 
factors are alcohol, smoking, and obesity. Consuming a lot 
of red meat, fat, and processed food, accompanied by low 
intake of fibers also have a role in CRC pathogenesis [1–3].

Genetic predisposition and environmental condition 
contribute to an increase in the incidence of CRC in 
young adult population. Prevention and early detection 
are very important precautions to be taken in symptom-

atic young adults [4, 5]. American Cancer Society recom-
mends that 45 years old or older adults with an average 
risk of CRC have to be screened with the stool test or vi-
sual examination. All positive results in noncolonoscopy 
test must be continued with colonoscopy procedures [6].

Of young-age CRC, 15–20% are hereditary, so both 
patients and doctors should be aware about the impor-
tance of a family genogram [7, 8]. A study from 2011 to 
2017 found that compared with LOCRC, EOCRC pa-
tients tended to have inflammatory bowel disease (IBD) 
(OR = 2.97; 95% CI, 1.16–6.63) and CRC family history 
(OR = 2.87; 95% CI, 1.89–4.25) [9]. Symptomatic young 
adults should be endoscopically investigated to avoid a 
late diagnosis [7]. About >80% of the young-onset CRCs 
are symptomatic at the time of diagnosis: 51% rectal 
bleeding, 32% abdominal pain, 18% change in bowel hab-
its, and 13% weight loss [10]. The incidence of young-age 
CRC has increased mainly between 40 and 49 years of age. 
They are more likely to be found in the distal colon-rec-
tum (left-sided CRC) and at the advanced stages [7, 11]. 
Keshinro et al. [12] reported that EOCRC was more prob-
able to be presented in the left colon than LOCRC (81 and 
45%, p = 0.001). Gausman et al. [9] also showed that EO-
CRC was more likely to be presented in the left colon or 
rectum (75 and 59%, p = 0.02) and at a later stage than 
LOCRC (77 and 62%, p = 0.01).

Some screening strategies have been established to re-
duce the mortality of CRC patients; such as the blood and 
stool test, tissue sample, radiographic examination, en-
doscopy, and computed tomography colonography. The 
fecal occult blood test and fecal immunochemical test 
taken nowadays have been initial and noninvasive tests 
for CRC, although have moderate sensitivity and specific-
ity [6, 13–15]. Fecal sample is easier and less invasive than 
colonic mucosa tissue sample from biopsy. Although it is 
more invasive than fecal sample, mucosal biopsy can pro-
vide a better view on microbiota for CRC diagnosis and 
prognosis [1]. Tumor mucosal samples are often com-
pared with normal mucosa in evaluating the microbiota. 
Some studies showed that there were differences between 
fecal and mucosal microbiota profiles [16]. Flemer et al. 
[17] in 2017 studied that fecal microbiota did not repre-
sent total CRC gut microbiota and also there was a micro-
biota population difference between proximal and distal 
cancer. Colonoscopy also has limitations. Nonpolypoid 
flat lesions especially in the right colon may be missed 
[18]. Other considerations are bowel preparation and pa-
tients’ fear of pain and anxiety [19]. Currently, colonic 
microbiota has begun to be studied as a potential diagnos-
tic tool for CRC.
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Gut Microbiota and Colorectal Carcinogenesis

The colon has a diverse microbial ecosystem which fa-
cilitates the host immune system. Microbial populations 
consist of mainly bacteria, viruses, archaea, eukaryotes, 
and fungi [13]. They contain at least 100 trillion bacteria 
with around 1.5 kg biomass [20, 21]. The gut microbiota 
plays an important role in nutritional absorption, immu-
nity, tissue repair, and also carcinogenesis [1]. Intestinal 
epithelial cells form a physical barrier and are continu-
ously replenished by multipotent stem cells [22]. Com-
munications between host cells and microbiota facilitate 
homeostatic and structural integrity. In homeostatic con-
ditions, intestinal microbiota such as Roseburia intestina-
lis and Faecalibacterium prausnitzii ferment complex car-
bohydrates into short-chain fatty acids (SCFAs) [23].  
SCFAs can regulate host immune response by binding with 
G-protein coupled receptors, and then suppress local in-
flammation, and maintain intestinal layer coherence [24].

This interaction and microbiota composition become 
maladapted in CRC, called dysbiosis. Bacteria can pro-
duce toxin then disrupt epithelial barrier defense and in-
duce inflammation, DNA damage, and cancer growth 
[25]. After that, mesenchymal cells act as a second line of 
defense by starting signal networks to maintain epithelial 
integrity such as activation of NF-κB and STAT3 path-
ways for tissue repair [26, 27]. In dysbiosis condition, En-
terobacteriaceae (such as Salmonella and Shigella) induce 
neutrophil transepithelial migration then reduce the 
number of SCFAs-producing bacteria and promote the 
growth of inflammatory pathogenic bacteria [24, 28].

TNF-α, IL-6, NF-κB, and reactive oxygen species have 
a role in cell proliferation and DNA damage; therefore, 
contribute to carcinogenesis [29]. Reactive oxygen spe-
cies produced by neutrophils, macrophages, and natural 
killer cells can increase the cyclooxygenase-2 (COX-2) 
level which plays role in chronic IBD [30]. A 15% in-
creased risk of developing CRC is well-found among IBD 
patients [31]. Toll-like receptors, a part of pattern recog-
nition receptors, can recognize gut barrier disruption by 
microbiomes then promote protective immunity by in-
ducing cytokines expression [20, 32]. Toll-like receptors 
are responsible to coordinate microbiota population and 
maintain mucosal integrity which is started during neo-
natal life [33].

A driver-passenger theory by Tjalsma et al. [34] had 
been accepted to explain the role of microbiota in carci-
nogenesis. Some local bacteria, named as “driver bacte-
ria,” initiate cancer by triggering DNA damage. For ex-
ample, colibactin genotoxin produced by Escherichia coli 

can promote DNA damage and induce cell mutation [35, 
36]. Fragilysin by B. fragilis also can stimulate DNA dam-
age and promote degradation of E-cadherin, a tumor sup-
pressor protein, which then causes cell multiplication 
[37]. Fearon proposed a CRC mutational sequence. It 
starts with the adenomatous polyposis coli gene muta-
tion, which causes transition to adenoma, then continues 
with P53 mutation which leads to carcinoma [38].

In the next step, rupturing and bleeding of cancer tis-
sues accompanied by ongoing carcinogenesis may alter 
the surrounding microenvironment and promote the 
growth of other bacteria, called “passenger bacteria.” 
[34]. During the first bacterial invasion, these bacteria do 
not play any roles [39]. These bacteria include tumor op-
portunistic pathogens (Fusobacterium and Streptococcus 
gallolyticus) and probiotics (family Coriobactericeae, ge-
nus Roseburia and Faecalibacterium) [40]. Fusobacterium 
nucleatum can induce pro-inflammatory cytokines and 
suppress T-cell activity, associated with IBD and CRC de-
velopment [41]. Coriobacteriaceae are considered as pro-
biotics because they convert dietary parts into useful me-
tabolites such as antioxidants and butyrate, which give 
energy to colonocytes [42].

In summary, gut dysbiosis induces “driver bacteria” 
colonization, which promotes chronic inflammation. 
New “passenger bacteria” are introduced by the inflam-
mation because of microenvironmental changes. After 
that, the process continues to adenomatous then tumor 
formation [1].

Other theory named “keystone pathogen (or α-bug)” 
was proposed by Hajishengallis et al. [43] Keystone patho-
gens are small amount bacteria which have oncogenic 
properties and can remodel microbial composition, mu-
cosal integrity, and immune response [21, 43]. Small 
amount of enterotoxigenic B. fragilis (ETBF), E. coli, and 
Fusobacterium can induce dysbiosis, alter colonic integ-
rity, cause inflammation with their toxins, and promote 
tumorigenesis [44].

CRC carcinogenesis in general can be split into 3 stag-
es: initiation, promotion, and progression, shown in Fig-
ure 1. The initiation stage is defined by DNA damage in-
duced by specific carcinogenic agent which then promote 
a proliferative advantage [45, 46]. Polyketide synthase 
gene cluster E. coli, which can produce colibactin toxin is 
an example of the initiation stage [47]. The second stage, 
promotion, consists a proliferation of preneoplastic cells, 
more induction to DNA damage, and cellular mutation 
[45, 46]. Fragilysin produced by B. fragilis can disrupt co-
lonic integrity then induce procarcinogenic T-helper 17 
cells [48]. The final stage, progression, is marked by fur-
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ther tumor growth, invasion, and metastases [46]. Fuso-
bacterium binds to E-cadherin using FadA adhesins to 
promote more proliferation and invasion [49].

Folate and biotin produced by microbiota are respon-
sible for epithelial proliferation and cancer afterward 
[50]. Clostridium produces 7α-dehydroxylase which cata-
lyzes conversion of primary to secondary bile acids in the 
colon. Secondary bile acids such as deoxycholic acid 
(DCA) and lithocholic acid have been known as a pro-
moter of CRC development [51]. DCA from Clostridium 
and lithocholic acid from Bacteroides fragilis can induce 
DNA damage, oxidative stress, promote cancer invasion, 
and activate the mitogen-activated protein kinase 
(MAPK) pathway and epidermal growth factor receptor 
signaling [20, 52].

On the other hand, other bile acid, urso-DCA can in-
hibit tumor genesis by suppressing COX-2 activation 

[53]. SCFAs such as butyrate, propionate, and acetate can 
affect Treg differentiation, induce apoptosis, and inter-
fere cancer genesis. SCFAs are generated by Bifidobacte-
rium, Lactobacillus, and Prevotella from dietary fiber fer-
mentation [20, 54]. Faecalibacterium prausnitzii and 
Roseburia are some main butyrate-producing bacteria 
[55]. Butyrate can increase endocan expression which 
takes role in regulation of inflammation and tumor me-
tastasis through the ERK2/MAPK pathway [56, 57]. Bu-
tyrate also can induce tumor apoptosis through upregu-
lating the Wnt signalling pathway [58].

Some amino acids from undigested diet are used by 
bacteria for their metabolism and then create metabolic 
end products; one of them is hydrogen sulfide (H2S) [59, 
60]. H2S is produced by sulfate-reducing bacteria from 
cysteine catabolism [61]. Sulfate-reducing bacteria such 
as: Fusobacterium, Escherichia, Clostridium, and Strepto-

Early life exposures:
• Maternal infection
• Maternal obesity
• Maternal nutrition
• Delivery process
• Breastfeeding

Prolonged exposures:
• Excessive grains
• Fatty red meat
• Sugar and salt
• High-fructose
   corn syrup
• Food colorings
  and emulsifiers
• Alcohol
• Deep-frying food
• Lack of physical
   activity
• Antibiotics

Microbiota dysbiosis Early-onset colorectal
cancer (EOCRC)

Chronic inflammation
Immune dysregulation

Fig. 1. Colorectal carcinogenesis stages. There are 3 stages of colorectal carcinogenesis. Each stage is influenced 
by specific bacteria and their products [45, 46].
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Fig. 2. EOCRC pathogenesis. Early-life ex-
posures from pregnancy, delivery until 
neonatal life are combined with prolonged 
exposures during childhood and adoles-
cence. These factors affect intestinal micro-
biota, leading them to dysbiosis condition. 
Prolonged microbiota dysbiosis then leads 
to chronic inflammation and immune sys-
tem dysregulation which are responsible 
for EOCRC development [50]. EOCRC, 
early-onset colorectal cancer.
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coccus metabolize cysteine into H2S and ammonia [62]. 
Hale et al. [63] provided data that H2S production in CRC 
samples are more abundant than in noncancerous. An 
increase inH2S is suspected to be caused by Fusobacteri-
um in CRC [64, 65]. An increase in H2S in the adenoma-
tous colonocytes can favor cell proliferation by stimulat-
ing ATP production [66].

EOCRC pathogenesis process and risk exposures are 
shown in Figure 2. EOCRC is raised in incidence because 
of westernization of diets and lack of physical activities 
[50]. A Western diet contains excessive grains, fructose 
corn syrup, alcohol, fatty meat, and salt. Protein fermen-
tation and bile conjugation are dominant after a person 
consumes Western diet. These processes can lead to dys-
biosis, inflammatory, and carcinogenic state [67]. Exces-
sive salt consumption triggers inflammation by inducing 
IL-17 and the T-helper cell pathway [68]. These days, 
children around the world eat more added salt, sugar, fats, 
and processed food. Deep-frying food generate more pro-
inflammatory advanced glycation end products which 
play a role in gut dysbiosis. Advanced glycation end prod-
ucts also can be transferred from maternal blood to her 
child, it increases possibility of EOCRC [69].

CRC in second stage until fourth decade of life is due 
to prolonged exposure decades earlier [70]. Obesity and 
excessive body fat are believed to be a cause of inflamma-
tion and microbiomes dysbiosis [71]. Physical and social 
stress in young adults also affect CRC development 
through microbiomes dysbiosis [50]. Aging process can 
impact recognition of stimuli and ability to differentiate 
between self and nonself. Improper reactions to resident 
microbiota lead to pathogenic processes related to aging 
[72].

Prolonged exposure of antibiotics also triggers pro-in-
flammatory and pro-carcinogenicity in colon microbiota. 
Nitrates and food colorings from drinking or processed 
meat have been known to be associated with CRC [50]. A 
systematic review and meta-analysis from Zhao et al. [73] 
found the association between consumption of red and 
processed meat with CRC. When cooked at high temper-
ature for a long time, they can produce N-nitroso com-
pound, aromatic hydrocarbons, and heterocyclic amines 
which may contribute to colorectal carcinogenesis. An 
increased consumption of red meat 100 g/day and pro-
cessed meat 50 g/day contribute to 20% risk of CRC. In-
take of fiber 10 g/day gives 10% reduction of CRC [68]. 
High-fructose corn syrup, a sugar alternative from starch, 
leads to obesity, decrease in insulin sensitivity, and gut 
dysbiosis. In most cases, children are exposed to higher 
doses of high-fructose corn syrup than adults [50].

Gut microbiome health is reported, it can be affected 
by early-life exposures (such as maternal infection, nutri-
tion, mode of delivery, breastfeeding, and ethnicity) and 
specific exposures (such as red meats, western diet, mono-
sodium glutamate, and synthetic dyes) [29, 50]. High-fat 
diets cause the accumulation of lipopolysaccharides from 
bacteria which cause gut inflammation leading to cancer. 
Dietary emulsifiers can modify gut bacteria and cause 
colitis, metabolic syndrome, and EOCRC [50]. Early-life 
exposure like maternal obesity affects gut microbiota 
composition through transmission of microbiota and 
metabolites from pregnancy, birth delivery, and breast-
feeding [70].

EOCRC patients are more likely to have hereditary 
CRC syndrome than LOCRC. EOCRC are not usually 
correlated with typical CRC risk factors, so there are dif-
ferences in gut microbiome composition with typical 
LOCRC. Gut microbiota is stabilized after 2 years old and 
dominated by Bifidobacteria. After that, the variety and 
diversity of gut microbiota are increased in adults and 
dominated by Bacteroidetes and Firmicutes; about 90% of 
the ecosystem [20, 29].

Microbial Profiles in CRC

Colonic microbiota is mostly consisted of bacteria and 
can be studied by stool or a biopsy sample. Quantitative 
PCR, 16S rRNA gene next-generation sequencing, and 
whole-genome shotgun are the most widely known meth-
ods for describing the microbiota community and com-
paring healthy individual with CRC patients [13]. The 
16S rRNA contains 1,500 base pairs which are used for 
classification of microbiota taxonomy [20]. Nucleic acid 
samples are read and then compared to the database. 
Strain, species, genus, and other taxonomic levels can be 
defined after the analysis [1].

There are many parameters that influence the micro-
bial ecosystem such as age, diet patterns, lifestyle, geo-
graphical location, cancer location, and stages. Kim et al. 
showed that Bacteroidetes, Fusobacteria, and Proteobac-
teria are increased, while Firmicutes is decreased in CRC 
patients [74]. Escherichia coli, Enterococcus faecalis, Bac-
teroides fragilis, and Fusobacterium nucleatum are in-
creased in CRC patients, while Clostridium, Roseburia, 
and Bifidobacterium are decreased [1]. Figure 3 summa-
rizes the microbial profiles in CRC.

There are also differences between gut microbiota 
profiles in right- and left-sided CRC. Prevotella and 
Selenomonas are increased in right CRC, while Fuso-
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bacterium, Escherichia, and Shigella are increased in left 
CRC [74]. Gao et al. [75] found that Faecalibacterium 
and Ruminococcaceae were less abundant in ascending 
CRC, while Pseudomonas, Lactobacillus, and Strepto-
coccus were more abundant in descending CRC. Toxic 
metabolites, proteolysis, and biomasses are more abun-
dant in the descending colon than in the ascending co-
lon [76].

Fusobacterium nucleatum
Fusobacterium nucleatum, a gram-negative oral resi-

dent, has been known to be associated with CRC. Kostic 
et al. [41] proposed that F. nucleatum can induce the NF-
κB inflammatory pathway and downregulate the T-cell 
mediated antitumor mechanism. Round et al. [77] sug-
gested that F. nucleatum may present virulence factor 
FadA on the cell surface then begin the WNT signaling 
pathway. This study also showed that high F. nucleatum 
abundance was correlated with higher CRC stage and 
higher mortality. Daily diet can influence suitable micro-
environment which induces F. nucleatum development 
and carcinogenesis [29]. F. nucleatum also can activate 
the β-catenin pathway and promote chemotherapy resis-
tance due to autophagy induction [11].

Escherichia coli and Bacteroides fragilis
Some strains of B2 phylogroup Escherichia coli can in-

duce DNA damage, inflammation, and tumorigenesis by 
producing genotoxin such as colibactin, cytolethal dis-
tending toxins, and cytotoxic necrotizing factor [20, 68, 
72]. Some bacteria like Bacteroides fragilis and Enterococ-
cus faecalis also produce enterotoxins to cause inflamma-
tion and barrier disruption [1].

B. fragilis, an anaerobe commensal bacterium in gut, 
has 2 classifications: nontoxigenic B. fragilis (NTBF) and 
ETBF. ETBF, which can encode the B. fragilis toxin or 
fragylisin, is enriched in CRC mucosal tissues [20, 29].  
B. fragilis toxin can induce β-catenin, NF-κB, WNT, and 
MAPK pathways then further promote CRC develop-
ment [20]. On the other hand, NTBF 9343 strain can in-
duce protective Treg expansion and production of immu-
nosuppresive IL-10 also interfere procarcinogenic T-
helper 17 [77, 78]. These benefits have been ascribed to 
polysaccharide A: the NTBF 9343 strain capsular compo-
nent [79].

Streptococcus gallolyticus and Helicobacter pylori
Streptococcus gallolyticus can create collagen I and IV 

rich biofilms in colonic mucosa. This bacterium is corre-
lated with increased COX-2, IL-1, and IL-8, explaining 
the chronic inflammatory tumor pathogenesis [29]. Ku-
mar et al. [80] in 2017 studied that S. gallolyticus promot-
ed cell proliferation and CRC development by increasing 
β-catenin signaling. A cohort study from Taiwan’s Na-
tional Health Insurance Research Database found that 
Helicobacter pylori infection was associated with in-
creased risk of CRC (HR 1.87; 95% CI 1.37–2.57) [81]. 
Hypergastrinemia from chronic H. pylori infection leads 
to a mutagenesis. Production of VacA and CagA can pro-
mote COX-2 and prostaglandin E2 activity then cause 
chronic inflammation [29, 81].

Lactic Acid Bacteria
Some bacteria also can have a role as a CRC protective. 

Lactic acid bacteria such as Lactobacillus, Bifidobacteri-
um, and Enterococcus have been known as probiotics 

Increased in CRC:
• B. fragilis
• F. nucleatum
• E. coli
• Prevotella
• Enterococcus faecalis
• Streptococcus bovis Decreased in CRC:

• Firmicutes
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• Lactobacillus
• Clostridium
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Fig. 3. Microbial profiles in CRC. Some 
bacteria are increased in CRC patients, 
while others are decreased. Researchers 
study the oncogenic or anti-oncogenic 
properties of these bacteria in CRC [13, 20, 
29]. CRC, colorectal cancer.
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which can prevent and treat colonic inflammatory dis-
eases and CRC. Intestinal flora indicator usually uses Bi-
fidobacterium to Escherichia (B/E) ratio. Bifidobacterium 
will decrease and Escherichia will increase in CRC pa-
tients. Lactobacillus rhamnosus can take part as an anti-
inflammatory by reducing the β-catenin and NF-κB pro-
duction [20].

Gut Microbiota Profiles in EOCRC and LOCRC

Data about microbial profiles in EOCRC are still rare 
although many researchers have found the correlation 
between gut microbiota and CRC. The opinion about the 
role of microbiota dysbiosis and the difference of micro-
bial profiles in younger and older CRC patients are still 
being discussed. The development of EOCRC may be af-
fected by gut microbiota either dependently or indepen-
dently (combination with other risk factors) [29].

Weinberg et al. [11] investigated 18 younger (median 
39.2 years old) and 13 older (median 72.8 years old) CRC 
patients in an ongoing study. F. nucleatum was identified 
in 5 younger patients (28%) and 3 older patients (23%). 
There was a much higher presence of F. nucleatum in 
younger CRC patients than previously thought. Morax-
ella osloensis showed a more significant difference in 
younger and older CRC patients (11 and 46%; p = 0.043, 
Fisher’s exact test). M. osloensis, an anaerobic bacterium 
from healthy respiratory tract, is a rare pathogen found in 
immunocompromised patients such as cancer and organ 
recipients [82, 83]. Some cases of M. osloensis infection in 
cancer include leukemia, melanoma, Hodgkin disease, 
breast, pancreas, and lung carcinoma [83, 84]. M. osloen-
sis is difficult to be identified because of similar pheno-
typic characteristics with other bacteria [85]. This study 
is still recruiting patients for larger sample sizes so that 
they can inform better about microbial differences be-
tween EOCRC and LOCRC or whether an increase in F. 
nucleatum has a role in the increase of EOCRC [11]. A 
study in Seoul by Oh et al. [86] revealed that among 593 
stage II/III CRC tissues, there was a higher percentage of 
F. nucleatum in 59 years old or older patients.

Other studies showed that F. nucleatum amount and 
patient age are not remarkably correlated [29]. A 2017 
study by Yamaoka et al. [87] reported that the mean ages 
of subjects having high F. nucleatum abundance and 
those with low F. nucleatum were 67.0 ± 10.0 and 66.1 ± 
12.8 years, respectively (p = 0.697). Mima et al. [88] in 
2015 stated that there were not any significant differences 
of the amount of F. nucleatum with age-groups among 

598 CRC cases (p = 0.89). Another report by Mima et al. 
[89] also found no significant difference in F. nucleatum 
amount and age (p = 0.21; mean age = 69.3 ± 8.8).

Abdulamir et al. [90] found that age of CRC patients was 
not associated with previous Streptococcus gallolyticus bac-
teremia (p = 0.41). The mean ages of controls, CRC without 
bacteremia, and CRC with bacteremia were 57.4 ± 4.7,  
59.22 ± 8.18, and 56.6 ± 6.7, respectively. A study from Ara-
fat among Egyptians and Kenyan CRC patients showed a 
lower amount of Mitsuokella multacida in older CRC pa-
tients (≥50 years) compared to healthy controls. M. multa-
cida was absent in younger CRC patients (<50 years) (p = 
0.01, compared with older patients). M. multacida can pro-
duce SCFAs so that it might explain the younger-onset CRC 
because of the absence of this bacterium [91].

Keshinro et al. [12] with stage I–III microsatellite sta-
ble colon cancer specimens from 2014 to 2019 microbial 
study concluded that there were not any significant dif-
ferences in the microbial diversity and abundance be-
tween EOCRC and LOCRC. They proposed that EOCRC 
pathogenesis might not be majorly driven by intestinal 
dysbiosis.

A large meta-analysis from 2,500 individuals (aged 
20–89 years) with various diseases such as: CRC, polyps, 
IBD, diabetes, and liver cirrhosis was carried out to un-
derstand gut microbial profiles between age-groups. 
Ghosh et al. [92] classified age-groups into “young” (20–
39 years old), “middle-age” (40–59 years old), and “el-
derly” (≥60 years old). They found microbiome differ-
ences between the groups and suggested that younger 
people tended to gain more diseases in microbial taxa (in-
cluding F. nucleatum, E. coli, B. fragilis, and Streptococci 
in CRC), while the elderly people tended to lose usually 
found microbes in the healthy gut.

Based on those studies we can assume that microbiota 
does vary with age, and EOCRC may be associated with 
some obvious bacteria. Further researches are required to 
understand why microbiomes change with age and what 
are the outcomes of these changes for diseases develop-
ment (including CRC) based on age-groups. Investigat-
ing gut microbiota profiles in EOCRC patients may pro-
vide new insights in diagnostic biomarkers or even fur-
ther therapy in the future.

Conclusion

Last decade trends showed a persistent rise of EOCRC 
incidence and mortality, primarily involving the distal 
colon and rectum. Microbiota have a role in carcinogen-
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esis through different ways, particularly in dysbiosis con-
dition. Many studies point out microbial differences be-
tween CRC and healthy patients. Each bacterium has a 
specific role in promoting chronic inflammation or im-
munity dysregulation which then leads to cancer genesis. 
Some researchers also show data about gut microbiota 
profiles in EOCRC and LOCRC, but the differences have 
not been significant yet. Larger samples and further stud-
ies are needed to give a better view on these differences, 
and whether gut dysbiosis itself is responsible for EOCRC 
genesis. Gut microbiota profiling in EOCRC and LOCRC 
may give promising explanations about increasing inci-
dence of EOCRC and may be useful for further cancer 
diagnostic marker or therapeutic objectives.
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