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Simple Summary: Traditionally used in Asian countries, green tea is nowadays one
of the most widely used beverages worldwide. Polyphenols are the primary bioactive
compounds found in green tea, with catechins representing the principal constituents.
Among these, epigallocatechin-3-gallate (EGCG) is the most abundant and extensively
investigated catechin. The pharmacological potential of green tea polyphenols has been
well-documented, encompassing antibacterial, anti-inflammatory, antioxidant, antiobesity,
antiviral, and anticancer activities. Notably, anticancer properties have been observed
against several malignancies, including colorectal cancer. This review aims to comprehen-
sively examine the anticancer effects of green tea constituents in colorectal cancer through
in vitro (cell-based) and in vivo (animal-based) studies, with a focus on elucidating their
underlying mechanisms of action. Additionally, particular emphasis is placed on clinical
studies, including meta-analyses and key investigations involving human participants.

Abstract: Green tea consumption has been implicated in various biological activities, with
particular emphasis on its anticancer properties. The antineoplastic effects of green tea
are primarily attributed to its rich polyphenol content, among which, epigallocatechin-
3-gallate (EGCG) is recognized as the most bioactive and potent catechin, responsible
for the majority of its anticancer activity. This review provides a detailed examination
of the in vitro and in vivo effects of green tea components, focusing on their potential
therapeutic implications in colorectal cancer. The molecular mechanisms of action and
bioactive constituents of green tea are systematically discussed, alongside an evaluation of
experimental evidence supporting their efficacy. Furthermore, insights into the relationship
between green tea dietary intake and colorectal cancer risk are analyzed, with a particular
emphasis on clinical data and findings from meta-analyses involving patients diagnosed
with colon cancer. The aggregated evidence underscores the necessity for well-designed
randomized controlled trials and longitudinal cohort studies to substantiate the role of
green tea as a chemopreventive agent. Additionally, future investigations should prioritize
determining the optimal dosages, the appropriate durations of consumption, and the
potential modulatory effects of dietary or lifestyle factors on green tea’s anticancer efficacy.

Keywords: green tea; colorectal cancer; catechins; epigallocatechin-3-gallate; in vitro stud-
ies; in vitro studies; human studies
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1. Introduction
Colorectal cancer (CRC) represents a major global health concern, ranking as the third

most frequently diagnosed malignancy and the second leading cause of cancer-related
mortality worldwide [1–4]. Current projections estimate a substantial rise in CRC burden,
with the annual incidence predicted to reach 3.29 million new cases and 1.66 million
deaths by 2045 (Global Cancer Observatory: Cancer Tomorrow, accessed on 5 January 2025,
available online at https://gco.iarc.fr/tomorrow). Furthermore, the incidence of CRC is
strongly correlated with the Human Development Index (HDI), as countries with a high
HDI currently exhibit rates approximately four times higher than those observed in low-
HDI regions [2,3]. However, longitudinal trends indicate a marked disparity in the growth
of colorectal cancer incidence between areas with differing HDI levels. Between 2022 and
2045, colorectal cancer incidence is projected to increase by 111.8% in low-HDI countries,
compared to a 67.9% increase in very high-HDI countries (Global Cancer Observatory:
Cancer Tomorrow, accessed on 5 January 2025, available online at https://gco.iarc.fr/
tomorrow). This anticipated rise in low-HDI regions is closely linked to increased exposure
to colorectal cancer risk factors, driven by the adoption of a Westernized lifestyle, a shift
often accompanying socioeconomic and industrial transitions [2,4].

Colorectal cancer can be classified into three primary subtypes based on the origin of the
underlying genetic alterations: sporadic, inherited, and familial [5]. Sporadic colorectal cancer
constitutes approximately 70% of all cases and is characterized by mutations affecting a range
of genes. The initial driver mutation often arises in the adenomatous polyposis coli (APC)
gene, a critical tumor suppressor, promoting the formation of benign adenomas or polyps.
Subsequent mutations in other genes, such as Kristen rat sarcoma viral oncogene homolog
(KRAS), p53, and Deleted in Colorectal Cancer (DCC), further drive tumor progression [5,6].
Inherited colorectal cancer constitutes approximately 5% of cases and encompasses both
polyposis and non-polyposis syndromes. Polyposis includes familial adenomatous polyposis
(FAP), while non-polyposis forms are predominantly linked to deficiencies in DNA mismatch
repair proteins, including MSH2, MLH1, MSH6, PMS1, and PMS2, often classified under
Lynch syndrome [7,8]. Familial colorectal cancer constitutes about 25% of cases but does
not typically result from known germline mutations. Instead, it arises from complex interac-
tions between genetic predispositions (e.g., gene–gene interactions, epigenetic modifications),
environmental factors, or their combined effects [7]. Studies indicate that chromosomal abnor-
malities and translocations affecting key signaling pathways, including Wnt, mitogen-activated
protein kinases/phosphatidylinositole 3 kinase (MAPK/PI3K), and (tumor growth factor-β) TGF-β,
along with disruptions in cellular functions such as p53 and cell-cycle regulation, are also
involved in the pathogenesis of familial colorectal cancer [5,9].

According to the World Health Organization (WHO), several factors contribute to
an increased risk of developing colorectal cancer. These include aging, a family history
of the pathology, hereditary conditions such as familial adenomatous polyposis (FAP),
and a personal history of colorectal cancer or adenomatous polyps. In addition to these
non-modifiable risk factors, various lifestyle factors play a significant role. Among these,
excess body weight is particularly notable as a major risk factor [2,10]. This relationship
is believed to be mediated by the proinflammatory cytokines produced by adipose tissue,
chronic hyperinsulinemia, and elevated levels of insulin-like growth factor 1 (IGF-I), all
of which may facilitate carcinogenesis [11]. Dietary habits have also been extensively
studied in the context of colorectal cancer risk. High consumption of processed and red
meats has been linked to impaired gut immune responses and increased gut inflammation,
both of which may promote tumorigenesis. Conversely, a diet abundant in fiber, fruits,
vegetables, dairy products, fish, beta-carotene, vitamins C, E, and D, and folate is associated
with a protective effect against colorectal cancer development [12–14]. Lifestyle factors
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beyond diet also influence colorectal cancer risk. Regular physical activity and the use of
aspirin or non-steroidal anti-inflammatory drugs (NSAIDs) have been shown to confer a
protective effect [15,16]. In contrast, alcohol consumption and tobacco use are consistently
associated with increased colorectal cancer risk, underscoring the critical importance of
lifestyle modifications in colorectal cancer prevention [17,18].

The treatment of colorectal cancer is directed by tumor type, stage, and the patient’s
overall medical history [19]. Early detection is critical as it enables the implementation
of more effective therapeutic strategies, often leading to improved prognoses. For re-
sectable colorectal cancer, surgical excision remains the cornerstone of treatment. In cases
of non-resectable colorectal cancer, standard therapeutic modalities include chemotherapy,
radiotherapy, and immunotherapy [20]. However, these conventional approaches are asso-
ciated with significant limitations, including non-specific cytotoxic effects on healthy tissues.
Moreover, more than 50% of patients experience disease relapse due to the emergence
of acquired multidrug resistance [21]. To address these challenges, recent advancements
in colorectal cancer therapeutics have focused on strategies to overcome drug resistance
and enhance tumor responsiveness to treatment. These include the development of im-
mune checkpoint inhibitors (ICIs), chimeric antigen receptor (CAR) T cell therapy, T cell
receptor (TCR) modifications, cytokine-based therapies, and monoclonal antibodies [19]. In
addition, innovative approaches such as probiotics, RNA-based therapies, oncolytic viral
therapies, and natural product-based treatments have demonstrated promising potential in
preclinical and early clinical studies [22–25]. Emerging evidence also highlights the role
of dietary factors in colorectal cancer prevention and treatment. Specifically, green tea
and its bioactive constituents have attracted interest for their potential anticancer effects,
underscoring the need for further research into dietary interventions as complementary
strategies in colorectal cancer management [26].

Green tea, constituting approximately 20% of global tea production, is one of the
most commonly consumed beverages globally. Derived from the Camellia sinensis plant,
tea is cultivated in over 30 countries, with China, India, Kenya, Sri Lanka, Taiwan, and
Japan recognized as leading producers. Unlike white tea, which undergoes minimal
processing and is derived from young leaves and buds, or black tea, which involves full
fermentation, green tea is produced from more mature leaves and is distinguished by
the lack of fermentation during its processing [27,28]. The chemical composition of green
tea varies based on environmental conditions such as soil quality, climate, light exposure,
geographic factors, microbial interactions, and temperature [29]. Green tea is available in
several varieties, each distinguished by unique flavor profiles and antioxidant properties.
The method of tea extraction significantly influences its antioxidant potential.

Green tea consumption is associated with diverse biological activities, including an-
tiobesity, antioxidant, and anticancer effects. The antineoplastic properties of green tea are
predominantly attributed to its polyphenol content, particularly epigallocatechin-3-gallate
(EGCG), the most potent catechin present in green tea [30]. EGCG has been demonstrated
to exert chemopreventive effects by targeting multiple stages of carcinogenesis, such as
initiation, promotion, and progression. This compound modulates critical cellular signaling
pathways that regulate essential processes, including cell proliferation, apoptosis, and
angiogenesis [31]. In addition to its role as a chemopreventive agent, EGCG exhibits signif-
icant antioxidant activity. It interacts with endogenous antioxidants such as glutathione
and generates reactive oxygen species (ROS) to activate pro-oxidative pathways, leading to
selective induction of cancer cell death. This dual antioxidant and pro-oxidant functionality
underscores the therapeutic potential of EGCG in cancer prevention and treatment [26].

This article aims to provide a comprehensive overview of green tea’s in vitro and
in vivo effects, focusing on its potential therapeutic benefits in colorectal cancer. Particular
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attention was paid to the analysis of clinical trials and meta-analyses related to the use of
green tea or green tea catechins in humans.

2. Methods
PubMed, Google Scholar, and Web of Science searches were performed to collect the

published data using the keywords of green tea, phytochemical, chemical composition,
EGCG, pharmacology, tea polyphenols, antioxidants, colon cancer, colorectal cancer, and
toxicology. Several websites and related articles were also incorporated. Additionally, some
selected articles were manually searched. The inclusion criteria for this review encompassed
systematic reviews and experimental studies on green tea, with no restrictions on the
publication timeframe.

An in-depth literature search was also conducted to identify relevant human studies
investigating the association between green tea consumption (or green tea extracts) and
colorectal cancer risk. Searches were performed across several electronic databases, in-
cluding Medline, PubMed, and Embase, covering articles in English, published between 1
January 1994 and 30 November 2024. A combination of medical subject headings (MeSH)
terms was used as a search strategy to ensure comprehensive retrieval of relevant literature.
Key search terms included “cancer*”, “colorectal”, “carcinoma*”, “Green Tea”, “Tea”, and
“Catechin*”. A flowchart of the search and screening process is shown in Figure 1.
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3. Green Tea Constituents
Since the early 20th century, over 500 chemical compounds have been isolated from

tea, many of which are associated with beneficial effects on human health [32]. In particular,
these bioactive molecules have demonstrated a range of pharmacological properties, in-
cluding antihypertensive, antihyperlipidemic, antiarteriosclerotic, antidiabetic, anticancer,
and antioxidative effects, as well as neuroprotective and blood glucose-lowering activi-
ties [33–37].

The primary constituents of green tea include polyphenols, alkaloids, carbohydrates,
amino acids, aromatic compounds, and various mineral elements (Figure 2) [38,39].

Green tea polyphenols, including catechins, flavonoids, anthocyanins, and phenolic
acids, constitute the primary bioactive components of green tea leaves and account for
20–30% of the total dry leaf mass [40]. Among these, catechins are the most abundant and
are widely regarded as the primary contributors to the biological activities observed in
green tea studies [32,41]. Catechins identified in green tea include catechin (C), epicatechin
(EC), epigallocatechin (EGC), epicatechin gallate (ECG), gallocatechin (GC), catechin gallate
(CG), gallocatechin gallate (GCG), and epigallocatechin gallate (EGCG). Notably, EGCG
comprises approximately 60% of the total catechin content, followed by EGC (about 20%),
ECG (about 14%), and EC (about 6%) [42,43]. Notably, black tea also contains specific
polyphenolic flavonoids exerting antioxidant activities, such as theaflavin-3-gallate.

In addition to catechins, green tea is rich in flavonoids, such as myricetin, quercetin,
and behenyl glycosides. Although anthocyanins, a family of water-soluble pigments,
are present in low concentrations, they contribute to the bitter taste of tea, significantly
influencing its quality [32,44]. The primary alkaloids in green tea are purine alkaloids, with
caffeine being the most prevalent, accounting for 2–5% of the total content. Trace amounts
of theophylline and theobromine are also present. Together, these three alkaloids constitute
the principal components responsible for tea’s invigorating effects [32,45].

Among the primary factors influencing the quality of tea, its amino acid composition
plays a pivotal role. Tea typically contains between 1% and 4% amino acids, with a total
of 26 distinct amino acids identified to date. These include 20 proteinogenic amino acids
and 6 non-proteinogenic amino acids. Prominent amino acids within tea include theanine,
glutamic acid, arginine, serine, and aspartic acid. Notably, theanine and γ-aminobutyric
acid (GABA) are bioactive compounds in tea that have garnered attention for their neuro-
protective properties. Theanine accounts for approximately 50% of the total amino acids
present in tea, while GABA is typically found in comparatively lower concentrations.

The aroma of green tea predominantly originates from volatile aromatic compounds,
which, although comprising only 0.005% to 0.020% of its chemical composition, exhibit
remarkable complexity. Several studies have investigated the volatile constituents of green
tea, continually identifying and characterizing novel compounds. In addition to volatiles,
water-soluble organic acids significantly contribute to the aroma and flavor of green tea
infusions. To date, over 40 organic acids have been identified in tea, including both free
organic acids within the infusion and more than 30 associated with aromatic components.
Volatile acids such as acetic acid, butyric acid, and hexenoic acid are classified among the
aromatic substances responsible for the characteristic scent profile of green tea. Furthermore,
green tea contains phenolic acids, including gallic acid, chlorogenic acid, caffeic acid, p-
coumaric acid, ellagic acid, quinic acid, tea gallate, and proanthocyanidins. Although these
compounds are present in relatively low concentrations, they may contribute to green tea’s
sensory attributes and potential health benefits. Research focused on the phenolic acid
content and its implications within green tea remains limited, warranting further scientific
exploration [32,44].
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The slight sweetness of tea infusion is attributed to the presence of small quantities of
monosaccharides and disaccharides, including glucose, fructose, galactose, and sucrose.
However, the majority of carbohydrates in tea are polysaccharides such as cellulose, starch,
and pectin, which are predominantly water-insoluble.

The inorganic constituents of tea, commonly referred to as “ash”, consist primarily of
various mineral elements and their oxides. Ash content serves as a critical parameter in the
quality evaluation of tea, particularly for export standards. The most abundant mineral
elements include phosphorus (P) and potassium (K), followed by calcium (Ca), magnesium
(Mg), iron (Fe), manganese (Mn), aluminum (Al), sulfur (S), and silicon (Si). Trace elements
such as zinc (Zn), copper (Cu), and fluoride (F) are also present. These mineral elements not
only play essential roles in the physiological functions of tea plants but are also recognized
for their potential health benefits in humans, prompting significant scientific investigation.

In addition to its complex chemical composition and micronutrient content, green tea
contains a variety of vitamins, including vitamin B, vitamin C, and vitamin E. Moreover, it
is a source of active enzymes such as glucosidases and lipoxidases, as well as chlorophyll, a
natural edible pigment. These components collectively contribute to the nutritional and
sensory attributes of green tea and underscore its value as a functional beverage [32,46,47].
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4. Green Tea Activities
The majority of the documented biological effects of green tea, summarized in Figure 3,

have been primarily attributed to its catechin content. Nevertheless, additional components
of green tea, such as theanine and caffeine, have also been implicated in several physio-
logical activities, including antioxidant effects [48]. As previously mentioned, among the
catechins, EC, EGC, ECG, and EGCG are the most abundant and biologically active. These
catechins contribute to a wide spectrum of health-promoting effects, including antioxi-
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dant, antitumor, anti-inflammatory, antimicrobial, antiviral, antidiabetic, antiobesity, and
hypotensive properties [49–51]. The synergistic interaction between catechins and other
bioactive compounds in green tea underscores its potential as a multifunctional dietary
agent with significant therapeutic applications. Further research is warranted to elucidate
the specific contributions and mechanisms of these components in mediating green tea’s
health benefits.

Green tea’s anti-inflammatory effects are primarily attributed to its capacity to inhibit
protein denaturation and enhance the production of anti-inflammatory cytokines. These
properties hold therapeutic potential in various diseases characterized by chronic inflam-
mation, including arthritis, cardiovascular diseases, diabetes, obesity, and cancer [51,52].
Moreover, green tea’s combined anti-inflammatory and antioxidant activities contribute
to its neuroprotective effects, with evidence suggesting that its bioactive metabolites can
cross the blood-brain barrier [53,54]. These properties also underlie green tea’s antibacterial
efficacy and its role in the management of cardiovascular diseases (CVD) [55].

Regular consumption of green tea has been demonstrated to offer cardioprotective
benefits by preventing atherosclerosis, reducing total cholesterol levels, and improving lipid
profiles through a more favorable ratio among low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) [51,52]. This multifaceted functionality underscores green tea’s
potential as a dietary intervention for both the prevention and management of inflammatory
and metabolic disorders.
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5. Anticancer Effects of Green Tea
Among the various types of tea, green tea has been the most extensively studied

for its cancer-preventive and therapeutic properties [41,51,56]. Its anticancer effects are
predominantly attributed to catechins, with EGCG exhibiting the highest activity, followed
by ECG, EGC, and EC [51]. The biological effects of green tea catechins on cancer cells
are mediated through multiple mechanisms, including the induction of apoptosis, cell
cycle arrest, inhibition of angiogenesis, and modulation of antioxidant and pro-oxidant
activities (Figure 4) [32,35,41]. Neutralization of reactive oxygen species (ROS) is a critical
mechanism by which green tea catechins inhibit cancer pathogenesis. These compounds
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demonstrate potent antioxidant activity by scavenging free radicals, chelating transition
metals, and upregulating the expression and activity of antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST), glutathione
peroxidase (GSP), and glutathione reductase (GSR) [30,57]. Additionally, green tea catechins
help prevent cellular and tissue oxidative damage by inhibiting the activity of pro-oxidant
enzymes, including cyclooxygenase (COX) and xanthine oxidase [58].

Interestingly, recent evidence suggests that the anticancer effects of green tea may be
more pronounced under conditions of excessive oxidative stress, highlighting the potential
context-dependent nature of its therapeutic benefits [32,35,36,41,51]. In this regard, green
tea polyphenols exhibit pro-oxidant activity through self-oxidation processes that generate
hydroxyl radicals, hydrogen peroxide (H2O2), and quinonoid intermediates [35,41,59]. This
pro-oxidant behavior contributes to their anticancer effects by upregulating AMP-activated
protein kinase (AMPK), which subsequently downregulates mTOR and then nuclear factor
of the κ-chain in B-cells (NF-κB) signaling pathways. These pathways are critical for the
antineoplastic effects of green tea catechins. Reactive oxygen species (ROS) generated by
green tea are integral to the induction of apoptosis, which inhibits cancer cell growth [30].
The pro-apoptotic activity of green tea polyphenols has been linked to their capacity to
activate cell death receptors, regulate caspase-8, -3, and -9, and modulate the expression
of key apoptosis-regulatory proteins. Specifically, green tea reduces c-Myc, Bcl-2, and
Bcl-xL while upregulating Bax, BAD, Apaf-1, Bak, and PUMA protein levels [30,35,60].
Additionally, EGCG has been shown to influence several signaling pathways involved in
the regulation of apoptotic cell death, including the PI3K/AKT/mTOR (phosphatidylinositol
3 kinase/protein kinase B/molecular target of rapamycin), ERK1/2 (extracellular signal-regulated
kinase 1/2), and MAPK pathways [61].

Autophagy, another critical mechanism in green tea’s anticancer effects is activated
by polyphenols, likely through the transcription factor Nrf-2 (nuclear factor erythroid
2-related factor 2). This activation has been shown to inhibit the growth of several cancer
cell lines [42,62,63].

Green tea polyphenols also inhibit cancer progression by arresting the cell cycle. This
effect is predominantly associated with G0/G1 phase arrest, potentially mediated by the
regulation of cyclin D1, cdk4, and WAF1/p21 expression [32,64]. However, G2/M phase
arrest has also been reported [65]. Furthermore, inhibition of the Wnt/β-catenin signaling
pathway has been implicated in EGCG-mediated control of cancer cell proliferation [66].

Green tea catechins also repress tumor angiogenesis. This is achieved by inhibiting the
activation of NF-κB, STAT3, HIF-1, and the expression of vascular endothelial growth factor
(VEGF) [30,51]. In addition to their antiangiogenic activity, green tea catechins regulate key
processes such as epigenetic modification [67], tumor cell migration, and invasion. These
effects are facilitated by modulating the expression of matrix metalloproteinase-9 (MMP-9)
and its endogenous inhibitor TIMP-1.

Further insights into the molecular mechanisms of catechins, particularly EGCG, reveal
their interaction with (67)-laminin receptors, leading to downregulation of receptor tyrosine
kinase (RTK)-mediated signaling pathways [30,51,68]. EGCG also inhibits the expression of
indoleamine 2,3-dioxygenase (IDO), thereby reversing IDO-induced immune tolerance and
restoring effective antitumor immunity [35]. The chemopreventive properties of green tea
extend to its antiobesity effects, which ameliorate metabolic syndrome, a condition linked
to increased carcinogenesis risk [69]. Furthermore, emerging evidence highlights EGCG
as a potent epigenetic modulator that rectifies abnormal epigenetic events implicated at
various stages of carcinogenesis [41].

Green tea’s strong anti-inflammatory effects further contribute to its anticancer activity.
These effects involve the suppression of pro-inflammatory cytokine production, inhibi-
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tion of cyclooxygenase-2 (COX-2) expression, and attenuation of inflammatory signaling
pathways such as STAT3 and NF-κB [30,70,71].
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6. Effects of Green Tea on Colorectal Cancer
As highlighted previously, green tea and its bioactive components have been exten-

sively investigated for their potential antineoplastic effects, particularly in colorectal cancer.
While genetic predispositions significantly contribute to the etiology of colorectal cancer,
lifestyle factors, particularly dietary habits, are increasingly recognized as modifiable deter-
minants of cancer risk. Green tea, primarily due to its rich composition of polyphenolic
compounds, has demonstrated protective effects against the development of multiple can-
cer types, including esophageal, lung, prostate, stomach, breast, pancreatic, intestinal, and
bladder cancers [41,72,73]. Notably, epidemiological evidence has established a correlation
between the dietary intake of green tea and a reduced risk of colorectal cancer [74–77].

Over the years, several in vitro and in vivo studies utilizing animal models have inves-
tigated the anticancer effects of green tea components, with a primary focus on catechins,
in the context of colorectal cancer. A comprehensive summary of these principal studies,
including the active principles evaluated and the proposed anticancer mechanisms, is
presented in Table 1. Furthermore, a simplified schematic representation of the mechanisms
through which green tea exerts its anticancer effects on colorectal cancer is illustrated in
Figure 5, providing an integrative overview of its multifaceted action.

6.1. In Vitro Studies

Most in vitro studies investigating the anticancer properties against colorectal
carcinoma have predominantly focused on catechins, with a particular emphasis on
epigallocatechin-3-gallate (EGCG). Notably, two independent studies conducted by Luo
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et al. demonstrated that EGCG treatment significantly induces apoptosis and suppresses
cellular proliferation in SW480, SW620, and LS411N colon cancer cell lines. These effects
were mediated through the activation of caspase-3 and poly (ADP-ribose) polymerase
(PARP), alongside the downregulation of phosphorylated signal transducer and activator
of transcription 3 (p-STAT3). Additionally, EGCG was observed to reduce the expression of
the antiapoptotic proteins Bcl-2, Bim, and MCL-1, further elucidating its potential thera-
peutic mechanisms [78,79]. In the same studies, EGCG has also been reported to exhibit
antimigratory effects, potentially mediated by its ability to upregulate E-cadherin expression
and downregulate Vimentin protein levels [79]. This phenomenon was also observed in
a study by Zhang et al., wherein SW480 colon cancer cells co-cultured with neutrophils
isolated from colorectal cancer patients demonstrated inhibited migration following EGCG
treatment [80]. Beyond the findings reported by Luo et al., other investigators have high-
lighted the pro-apoptotic activity of EGCG in various colon cancer cell lines [61,81–85].
Several mechanisms have been suggested to explain the pro-apoptotic properties of EGCG.
These include the activation of caspase-3, -8, and -9, the upregulation of pro-apoptotic
proteins, the downregulation of antiapoptotic proteins, and the suppression of key sig-
naling pathways. Concerning this last issue, EGCG-induced apoptosis and proliferation
reduction in DLD1, CaCo-2, HCT116, and HT29 colorectal cancer cell lines, among others,
have been associated with the inhibition of different signaling cascades, including the
previously mentioned STAT3 and AKT/mTOR, ERK1/2, Wnt/β-catenin, MAPK, and NF-κB
pathways [61,79,82,84–86].

The ability of green tea to inhibit colorectal cancer cell proliferation has also been
linked to cell cycle dysregulation. Several studies have demonstrated that EGCG induces
cell cycle arrest, primarily at the G0/G1 phase, through the downregulation of Cyclin
D1 expression [81,85,87]. However, G2/M phase arrest has also been observed in some
contexts [81,88].

In a recent study, Lin et al. reported that another green tea component, namely,
gallic acid (GA), also inhibited proliferation and induced apoptosis in HCT116 and HT29
colon cancer cell lines. These effects were predominantly attributed to an increased ratio
of cleaved caspase-3/pro-caspase-3 and cleaved caspase-9/pro-caspase-9, as well as a
reduction in phosphorylated epidermal growth factor receptor (p-EGFR), AKT, and STAT3
levels [89].

The antiangiogenic potential of EGCG has been highlighted by Jung et al., who
demonstrated that treatment with EGCG reduced vascular endothelial growth factor (VEGF)
expression in HT29 cells [82]. Additionally, recent investigations have revealed that EGCG
suppresses cancer stem cell markers and diminishes sphere formation capacity in DLD-1,
SW480, and HCT116 cell lines [83,84]. Further, EGCG exerts epigenetic regulatory effects,
evidenced by reduced DNA methylation in HCT116, HT29, and SW48 cell lines [87].

6.2. In Vivo Studies (Animal Models)

Several studies have shown that green tea polyphenols, mainly EGCG, effectively re-
duce colon cancer cell growth in animal models. These effects are mediated by mechanisms
similar to those observed in vitro [78,81,82,90–92]. For example, Jin et al. reported that
EGCG treatment induced apoptotic cell death and cell cycle alterations in BALB/c nude
mice bearing orthotopically established HT29 tumors [81]. Similarly, Luo et al. observed a
significant reduction in tumor volume in mice implanted with SW620 tumors following
EGCG administration. This antitumor activity was attributed to the downregulation of
phosphorylated STAT3 and its associated downstream signaling pathways [78].

Shimizu et al. demonstrated that drinking water supplemented with EGCG effectively
suppressed the growth of SW837 human colorectal cancer xenografts in BALB/c nude
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mice. This effect was mediated through the inhibition of hypoxia-inducible factor-1 (HIF-1)
expression, which subsequently disrupted the VEGF/VEGFR signaling axis [91]. Similar
findings were reported by Jung et al. in an HT29 xenograft model, where EGCG treatment
led to VEGF downregulation, correlating with the inhibition of extracellular signal-regulated
kinase 1/2 (ERK1/2) [82].

In addition, a recent study by Shojaei-Zarghani et al. highlighted the chemopreventive
properties of theanine, a component of green tea. Theanine was shown to inhibit tumori-
genesis by suppressing the AKT/mTOR and Janus kinase 2 (JAK2)/STAT3 pathways [92].
Furthermore, the previously mentioned study by Li et al. confirmed the in vivo anticancer
efficacy of gallic acid (GA) in a xenograft tumor model. GA treatment inhibited tumor
growth, induced apoptosis, and reduced the phosphorylation levels of EGFR, STAT3, and
AKT [89].

Table 1. Summary of the key findings of in vitro (cell-based) and in vivo (animal-based) studies on
the use of green tea or its components, mainly EGCG, in colon cancer and the potential mechanisms
involved in their effects.

Type of Model Treatment Potential Mechanisms Effects

In vitro

SW480 and colon cancer
cells from patients 0–50 µM EGCG for 48 h STAT3/CXCL8 signaling

pathway

Significant inhibition of
SW480 cells migration and

invasion [80]

SW480, SW620 and
LS411N cells

10, 20 and 40 µg/mL
EGCG

Activation of caspase-3 and
PARP, downregulation of

STAT3, and decrease in Bcl-2
protein levels

Significant suppression of cell
proliferation and induction of

apoptosis [78]

HT29 cells EGCG Inhibition of ERK1/2 signaling
and VEGF expression

Significant induction of
apoptosis, and angiogenesis

inhibition [82]

LoVo, SW480, HCT8,
HT29 cells lines 0–35 µg/mL EGCG

Induction of cell cycle
alterations and inhibition of

Notch signaling

Significant inhibition of cell
proliferation and apoptosis

induction [81]

Caco-2 cells 0–80 µM EGCG

Induction of G2/M cell cycle
arrest and activation of

laminin receptor-mediated
myosin phosphatase

Significant inhibition of cell
proliferation [88]

HCT116, HT29, SW480,
IEC6 cell lines 0–150 µM EGCG

RXRa activity restoration and
RXRa promoter methylation

reduction

Reversal of gene silencing in
colon carcinogenesis

modulation [87]

HCT116, HEK293,
SW480 cell lines 0–80 µM EGCG Wnt/β-catenin signaling

suppression

β-catenin phosphorylation
and proteasomal degradation

promotion [86]

HCT116, HT29, Caco-2,
SW480, and SW837 cells

0–50 µM EGCG or
polyphenon E

Induction of G1 cell cycle
arrest and reduction of AKT,

EGFR, and activation of HER2

Significant cell growth
inhibition and apoptosis

induction [85]

SW480 cells 25 and 50 µM EGCG EGFR downregulation Significant cell growth
inhibition [93]

HT29 cells 0–50 µM EGCG
AKT, ERK1/2, and p38 MAPK

signaling pathways
modulation

Significant induction of
apoptotic cell death [61]
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Table 1. Cont.

Type of Model Treatment Potential Mechanisms Effects

HCT116 spheroids 50 µM EGCG for
1 week

CD133 and NANOG and
ABCC1 and ABCG2 gene

expression decrease

Significant decrease in sphere
formation, and apoptosis and

cell cycle alterations
induction [84]

DLD-1 and SW480
spheroids 0–60 µM EGCG

Colorectal CSC properties and
Wnt/β-catenin pathway

inhibition

Significant reduction of cell
proliferation and induction of

apoptosis in colorectal
CSCs [83]

SW480, SW620 and
LS411N cell lines 0–100 µg/mL EGCG

Activation of caspase-3 and
PARP, decrease in Bcl-2,

MCL-1, and vimentin levels,
and increase in E-cadherin
levels; downregulation of

STAT3 and p-STAT3

Significant inhibition of cell
proliferation and

migration [79]

HCT116 and HT29 cell
lines 30–60 µM GA

Activation of caspase-3 and
caspase-9, decrease in STAT3,

EGFR, and AKT
phosphorylation

Cell proliferation inhibition,
apoptosis induction [89]

In vivo (animal
models)

SW620 xenograft in
BALB/c mice

50 and 100 mg/Kg
EGCG i.p. for 4 weeks STAT3 deregulation Suppression of tumor volume

and weight [78]

azoxymethane-induced
premalignant lesions in

mice

0.01% and 0.1% EGCG
in drinking water for 7

weeks

β-catenin, COX2, and cyclin D1
expression decrease

Significant inhibition of
premalignant lesions

development [90]

xenograft of SW837
cells in BALB/c mice

0.01% and 0.1% EGCG
in drinking water for 7

weeks

Suppression of VEGF/VEGFR
signaling activation

Xenograft tumor growth
inhibition [91]

xenograft of HT29 cells
in BALB/c mice

5, 10, and 20
mg/Kg/die EGCG

intragastrically for 14
days

Inhibition of Notch signaling
Significant xenograft tumor

volume reduction, and
apoptosis induction [81]

xenograft of HT29 cells
in BALB/c mice 1.5 mg/day EGCG VEGF decrease

Significant tumor growth and
microvessels density
reduction; apoptosis

induction [82]

1,2-dimethylhydrazine-
induced colon cancer in

Wistar rats

400 mg/Kg Theanine
for 2 weeks

Ki-67, AKT/mTOR, and
JAK2/STAT3 reduction;

Smad2 tumor suppressor
increase

Precancerous and cancerous
lesions, tumor volume

reduction [92]

xenograft of HCT116
and HT29 cells in

BALB/c mice
80 mg/Kg/day GA

Activation of caspase-3 and
caspase-9; decrease in STAT3,

EGFR, and AKT
phosphorylation

Xenograft volume reduction,
apoptosis induction [89]
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7. Human Studies
This chapter summarizes and synthesizes the findings from studies investigating

the relationship between green tea consumption and colorectal cancer risk. In particular,
meta-analyses and major studies according to specific geographic regions are reported.

7.1. Meta-Analyses

A 2023 systematic review and meta-analysis by Huang et al. assessed the association
between tea consumption and colorectal cancer risk across multiple population-based
studies. The analysis included data from 15 studies with over 2 million participants [94].
The pooled relative risk (RR) for individuals consuming tea regularly (compared to non-
consumers) was 0.76 (95% CI, 0.49–1; p = 0.02), indicating a non-significant lowering of the
risk of developing CRC. American subgroup analysis confirmed this evidence (RR, 0.32;
95% CI, 0.11–0.91), whereas data from the UK (RR, 1.454; 95% CI, 1.031–2.050) and Italian
subgroups (RR, 1.15; 95% CI, 0.087–1.23) showed non-significant risk ratios. Thus, green
tea consumption may be associated with a reduction in colorectal cancer risk, although the
effect may vary by population.

In a previous meta-analysis by Zhu and colleagues, data from 20 prospective cohort
studies involving 2,068,137 participants and 21,437 colorectal cancer cases were analyzed.
The overall relative risk for colorectal cancer comparing the highest vs. lowest tea consump-
tion was 0.97 (95% CI, 0.94–1.01; p = 0.09), indicating a non-significant association between
tea consumption and colorectal cancer risk across all studies [95]. Stratified analysis by
geographic region, tea type, age, or smoking showed no significant differences between
subgroups. Gender-specific meta-analysis indicated no significant association between
tea consumption and colorectal cancer risk in men and a borderline-significant inverse
relationship in women (RR with no adjustment for coffee intake, 0.9; 95% CI, 0.82–1.00;
p < 0.05), suggesting a trend towards protective effect. Overall, conclusions of the study do
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not associate tea consumption to colorectal cancer risk reduction for both genders combined,
though a marginally significant inverse association may exist in women.

A 2017 dose–response meta-analysis from China evaluated the relationship between
tea consumption and colorectal cancer risk by pooling 29 studies. The summary odds
ratio (OR) suggested a mild but non-significant protective effect of tea on colorectal cancer
risk, with moderate heterogeneity observed (OR, 0.93; 95% CI, 0.87–1.00; I2 = 43.4%) [76].
Stratified analysis according to study design revealed that green tea had a protective effect
in patients with rectal cancer (OR, 0.91; 95% CI, 0.85–0.99). A significant inverse relationship
between a 1-cup/day increase in tea consumption and colorectal cancer risk was shown
among green tea drinkers (OR = 0.87; 95% CI, 0.76–0.98), and particularly in women (OR,
0.86; 95% CI, 0.78–0.94). In contrast with this evidence, a 2014 dose–response meta-analysis
of prospective studies, which evaluated the effect of tea consumption on five major cancers,
including breast and colorectal cancers, found no overall inverse association between tea
consumption and cancer risk. The study concluded that tea consumption does not appear
to have a protective role in preventing five major cancers, including colorectal cancer [96].

A systematic meta-analysis by Wang et al. included six prospective cohort studies,
involving 352,275 participants and 1675 cases of colorectal cancer from Eastern Asian
countries (Shanghai, Japan, Singapore) [97]. The analysis compared the highest versus
lowest levels of green tea consumption and assessed the effect of increasing consumption
by one cup per day. The overall relative risk for the highest compared to the lowest green
tea consumption was 0.90 (95% CI, 0.72–1.08), suggesting no significant protective effect of
green tea against colorectal cancer. Interestingly, considerable heterogeneity, found across
the cohort studies for overall risk of colorectal cancer (I2 = 59.6%; p = 0.011), disappeared
after stratification by geographic region, suggesting the presence of ethnic variations in the
response of Eastern Asians to tea consumption. Subgroup analysis conducted according
to geographic region showed a significant inverse association in the Shanghai population
(women and men), where green tea consumption was linked to a 30% reduced risk of
colorectal (RR, 0.70; 95% CI, 0.55–0.85) and colon cancers (RR, 0.69; 95% CI, 0.48–0.98).
Similar to the meta-analyses summarized above, the protective effect against colorectal
cancer was more pronounced in women (one study, RR, 0.63; 95% CI, 0.45–0.88). In contrast,
a 36% higher risk of colorectal cancer was found in Singaporean men (one study, RR, 1.36;
95% CI, 1.06–1.74) [97].

By pooling 13 cohort studies, a 2010 USA meta-analysis examined the association be-
tween the risk of colorectal cancer and the consumption of coffee, tea, and sugar-sweetened
carbonated soft drinks. The analysis included 731,441 participants followed for 6 to 20 years,
with 5604 colon cancer cases assessed. No significant association was found between colon
cancer risk and coffee consumption or carbonated drinks. Tea consumption showed a
modest, significant association with colon cancer risk, with a pooled RR of 1.28 (95% CI,
1.02–1.61; p = 0.01) for those drinking more than four 8 oz cups daily. These associations
did not differ according to the tumor site, body mass index, physical activity, alcohol
use, smoking status, or sex. The study concluded that a modest positive association with
colorectal cancer in the case of higher amounts of tea consumed was observed, although
data on the type of tea in most studies were not available [98].

A 2012 meta-analysis of case–control studies included 13 studies involving 12,636 cases
and 38,419 controls, extracted from studies performed in Asia, North and South America,
and Europe [99]. Pooled analysis revealed a non-significant reduction in colorectal cancer
risk associated with high green tea intake (OR, 0.87; 95% CI, 0.48–1.58; p = 0.65). Analysis
was characterized by very high heterogeneity (I2 = 90.9; p < 0.001). Stratification by
continent did not result in significant odds ratios. Thus, the data presented in this meta-
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analysis were insufficient to definitively establish green tea as a protective factor against
human colorectal cancer.

In conclusion, while the overall evidence from meta-analyses focusing on tea con-
sumption and CRC risk remains uncertain, a consistent trend suggests a protective effect,
particularly in women. Further research, particularly focusing on gender differences and
geographic variations, may confirm and refine these findings.

Table 2 summarizes the meta-analysis evidence on the relationship between green tea
consumption and colorectal cancer, obtained in the studies considered.

Table 2. Meta-analysis evidence on the relationship between green tea consumption and colorectal
cancer (RR, risk ratio; OR, odds ratio; 95% CI, 95% confidence interval).

Authors, Year Number of
Pooled Studies Comparisons Major Findings Reference

Huang et al., 2023 15
Regular tea

consumption vs.
non-consumers

Risk of CRC not significantly
decreased in the general population;

significant 68% decrease in American
subgroup

[94]

Zhu et al., 2020 20 Highest vs. lowest
tea consumption

Risk of CRC not significantly
decreased in the general population;
significant, 10% decrease in women

[95]

Chen et al., 2017 29
Increase in tea

consumption (one
cup increase)

Odds of CRC not significantly
decreased in the general population;
significant 9% decreased odds found
against rectal cancer; significant, 14%

decrease in CRC odds in women
stratum

[83]

Yu et al., 2014 15 Risk estimate per
3 cups increase No significant decrease in CRC risk [96]

Wang et al., 2012 6 Highest vs. lowest
tea consumption

Risk of CRC not significantly
decreased in the general population;
significant, 30% decrease in risk in
Shanghai subgroup; 36% increased

CRC risk in Singapore subgroup

[97]

Wang et al., 2012 13 No significant decrease in CRC risk [99]

Zhang et al., 2010 13

Consumption
increment of more
than 4 cups/day of
tea (type of tea not

disclosed)

Significant increase in CRC risk (28%) [98]

7.2. Major Studies According to Specific Geographic Regions
7.2.1. Asian Studies
Japan

A case–control analysis performed in the frame of the Fukuoka colorectal cancer
study investigated the association between dietary intake of polyphenols and colorectal
cancer risk in 816 colorectal cancer cases and 815 community-based controls. Polyphenol
intake was assessed from 97 food items using the Phenol-Explorer database, specifically
focusing on tea and coffee polyphenols [100]. There was no correlation found between tea
polyphenols and colorectal, colon, or rectal cancer (OR adjusted for age, sex, residential
area, familial history, smoking, alcohol, BMI, profession, and physical activity, 1.37; 95% CI,
0.99–1.90; p = 0.09).
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In a population-based prospective cohort study, the association between green tea
consumption and colorectal cancer risk was evaluated in 13,957 men and 16,374 women
from Japan over a 12-year follow-up period. The study found no overall significant
association between green tea consumption and colorectal cancer risk in both men and
women. However, there was a weak inverse correlation between men with increased green
tea consumption and their colon cancer risk. Compared to men consuming no or less
than one cup of green tea per day, the relative risks for colon cancer were 1.32, 0.76, and
0.78 for those consuming 1, 2–3, and 4 or more cups per day, respectively (p = 0.045 for
a linear trend). While this trend suggests a potential protective effect of higher green tea
consumption on male colon cancer risk, no significant association was found [101].

A pilot study by Shimizu et al. (2008) investigated the potential of green tea extracts
in preventing metachronous colorectal adenomas. In this trial, participants who had
previously undergone polypectomy for colorectal adenomas were randomly assigned to
receive either green tea extract or a placebo for 12 months. At end-point colonoscopy, at
least one colorectal adenoma was diagnosed in 31% (20 of 65) of the patients in the control
group. Supplementation with 1.5 g GTE appeared to prevent metachronous adenomas to
15% (9 of 60 patients; relative risk, 0.49; 95% confidence interval, 0.24–0.99; p < 0.05). These
findings suggest that green tea extracts may have a protective effect against the recurrence
of colorectal adenomas, though the study called for larger trials to confirm the efficacy and
explore the mechanisms behind this effect [102].

In a study conducted in 2005, Suzuki and coworkers pooled two prospective cohort
studies conducted in northern Japan, including a total of 65,915 subjects. The analysis
showed no significant association between green tea consumption and colorectal cancer
risk [103]. In particular, the hazard ratio (HR) for colon cancer for those drinking five
or more cups of green tea per day, compared to fewer than one cup, was 0.97 (95% CI,
0.70–1.35). Similarly, for rectal cancer, the HR was 0.85 (95% CI, 0.58–1.23).

Thus, studies focusing on the Japanese population found contradictory evidence
concerning the relationship between green tea consumption and the risk of colorectal cancer.

Korea

A case–control study conducted in Korea examined the association between green tea
intake and colorectal cancer risk, considering the influence of lifestyle factors. The study
included 922 cases and 1820 controls. The results showed that participants in the highest
tertile of green tea intake showed significantly lower odds of colorectal cancer compared to
those in the lowest tertile (OR, 0.48; 95% CI, 0.39–0.59; p < 0.001) [104]. Regardless of lifestyle
changes, a high green tea intake was consistently associated with a lower risk of colorectal
cancer when green tea consumption and lifestyle factors interactions were considered.

The ability of green tea extract (GTE) supplements to prevent metachronous colorectal
adenomas and cancer in 176 participants who had undergone complete removal of colorec-
tal adenomas by endoscopic polypectomy was evaluated in a randomized controlled trial
also conducted in Korea. Participants were randomly assigned to receive either 0.9 g of
GTE per day for 12 months or no GTE supplementation. The incidence of metachronous
adenomas was significantly lower in the GTE group (23.6%) compared to the control group
(42.3%), with a relative risk (RR) of 0.56 (95% CI, 0.34–0.92; p = 0.018). Additionally, the GTE
group experienced fewer relapsed adenomas (0.3 ± 0.6) compared to the control group
(0.7 ± 1.1), with a statistically significant difference (p = 0.010) [105]. Similarly to the results
of the Japanese trial reported by Shimizu and coworkers [102], GTE supplementation
appears to have a favorable chemopreventive effect on metachronous colorectal adenomas
in Korean patients.
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Singapore

The Singapore study, which was the main outlier in the Wang et al. (2012) meta-
analysis described in the previous chapter, was a prospective cohort study examining
the relationship between green or black tea consumption and colorectal cancer risk in
60,000 men and women. After an average follow-up of 8.9 years, 845 colorectal cancer
cases were identified [74]. Although green tea drinkers had a statistically non-significant
increased colorectal cancer risk compared to non-drinkers in the overall population, a
significant risk increase was calculated in men (RR, 1.31; 95% CI, 1.08–1.58), while women
showed no significant association. Among men, green tea was particularly strongly as-
sociated to colorectal cancer for advanced stages of the disease, with an RR of 1.53 (95%
CI, 1.19–1.97) and showed a dose-dependent relationship (p for trend = 0.0002). Black tea
intake showed no significant association with colorectal cancer risk for either gender (RR,
0.92; 95% CI, 0.79–1.07). Thus, in contrast with other studies performed on various Asian
populations, these findings suggest that green tea consumption may be linked to a slightly
higher risk of colorectal cancer and that such an effect may be related to the genetics of the
specific population tested.

Taiwan

In a cross-sectional study by Chen et al., the association between cumulative tea con-
sumption and colorectal adenomas was examined in a Taiwanese population of 1688 adults
who underwent colonoscopy screening [106]. The variable “cup of tea” used in this study
was obtained by multiplying the daily cups with the years of tea consumption. A negative
association was found between tea consumption and the likelihood of high-risk adenomas
in the group in which the largest amount of tea was consumed (≥42 cup-years) compared
to non-consumers (OR, 0.57; 95% CI, 0.36–0.89; p = 0.02). Similar results were obtained for
low-risk adenomas (OR, 0.66; 95% CI, 0.48–0.90; p = 0.01), even for consumers of lower
amounts of tea (e.g., 12–41.9 cup-years; OR, 0.64; 95% CI, 0.46–0.90; p = 0.01). These results
suggest that cumulative tea consumption may be associated with a significantly reduced
risk of colorectal adenomas in the Taiwanese population and are in agreement with the
results of the GTE Korean study by Shin et al. [105].

China

Two key Shanghai-based studies included in the 2012 meta-analysis by Wang et al.,
cited in the previous chapter, reported a protective effect of green tea against colorectal
cancer. These studies were the main contributors to the significant protective effect observed
in the meta-analysis, highlighting green tea’s potential in reducing colorectal cancer risk,
particularly in specific subgroups.

The first study, conducted by Ji et al. (1997), examined the association between
green tea intake and the risk of colon, rectal, and pancreatic cancers [77]. This study
included 931 colon, 884 rectal, and 451 pancreatic cancer cases diagnosed between 1990
and 1993, with 1552 age- and gender-matched controls. Multivariate analyses, adjusted
for age, income, education, and smoking, showed an inverse relationship between green
tea consumption and cancer risk, particularly for rectal cancer. Among men, those in the
200–299 g/month consumption range had an odds ratio of 0.66 (95% CI, 0.43–0.99) for
rectal cancer. No significant associations were found for colon cancer. A more pronounced
trend was observed in women, who showed significant protective activity against rectal
cancer for both the lower (1–200 g/month, OR, 0.51; 95% CI, 0.33–0.79) and the highest
consumption categories (≥200 g/month, OR, 0.57, 95% CI, 0.34–0.97). Non-significant
results were found for colon cancer. These findings suggest that green tea consumption may
have a preventive activity against the risk of rectal cancer, especially in Chinese women.
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Focusing on a cohort of 60,567 Chinese men, the second Shanghai study found that
regular green tea consumption (namely, drinking green tea at least three times per week
for more than six months) was associated with a reduced risk of colorectal cancer (HR,
0.77; 95%CI, 0.59–1.01), which was more pronounced and statistically significant among
non-smokers (multivariable-adjusted HR, 0.54; 95% CI, 0.34–0.86). Interestingly, the more
green tea that was consumed, the more the risk decreased. Specifically, a 12% reduction in
risk was associated with each 2 g increment in daily intake of dry green tea leaves (HR, 0.88;
95% CI, 0.78–0.99). No significant association was found between green tea consumption
and colorectal cancer risk among smokers (HR, 0.94; 95% CI, 0.66–1.34) [75]. This study
suggested that regular green tea consumption may reduce the incidence of colorectal cancer,
particularly among non-smokers.

A prospective cohort study, which included 69,710 Chinese women aged 40 to 70 years,
evaluated the association between green tea consumption and colorectal cancer risk.
Baseline in-person interviews were used to assess tea consumption and were reassessed
2–3 years later. Over 6 years of follow-up, 256 new cases of colorectal cancer were iden-
tified. Women who reported moderate consumption of green tea (1–4 g/day) showed
an age-adjusted relative risk of colorectal cancer of 0.64 (95% CI, 0.44–0.94) compared to
non-regular tea drinkers. Women drinking higher amounts of tea (>/=5 g/day) had a
lower relative risk of colorectal cancer (0.51; 95% CI, 0.29–0.89; p/trend = 0.002). Both colon
and rectal cancers showed this inverse association [107].

Negative results were reported by Li et al., who conducted a large prospective cohort
study within the China Kadoorie Biobank to assess the relationship between tea consump-
tion and cancer risk among 455,981 Chinese adults aged 30–79 years. Data, adjusted for
confounders such as alcohol consumption and smoking, showed that regular green tea
drinkers did not show a decreased hazard of developing cancer overall (HR, 1.03; 95% CI,
0.93–1.13). This negative finding included all kinds of assessed cancers, including colorectal
cancer (daily consumers of tea leaves >4.0 g/day vs. less-than-weekly consumers: HR, 1.08;
CI, 0.81–1.45) [108].

Studies conducted in China explored the relationship between genetic susceptibility
to CRC and environmental factors, such as diet and, in particular, tea consumption.

An interesting population-based case–control study, including 421 colorectal cancer
patients and 845 controls, was conducted in China to assess the association between
XPC polymorphisms (Lys939Gln, Ala499Val, and PAT) and colorectal cancer risk [109].
The XPC gene plays a crucial role in repairing bulky, helix-distorting DNA lesions, and
several polymorphisms in this gene may influence susceptibility to colorectal cancer [110].
Importantly, the study investigated the impact of green tea consumption on the odds of
having colorectal cancer in carriers of specific XPC polymorphisms. For the Lys939Gln
polymorphism, the CC genotype showed significantly higher odds for colorectal cancer
(OR, 1.5; 95% CI, 1.0–2.2) compared to the AA genotype. Interestingly, those who never
drank tea had higher odds ratios (ORs) for the associations between colorectal cancer risk
and the AC + CC genotype (OR, 3.0; 95% CI, 1.9–4.7), as well as the AA genotype (OR,
2.4; 95% CI, 1.5–3.9), than tea drinkers with the AA genotype. In addition, the PAT +/+
genotype was also associated with a significantly greater risk of colorectal cancer (OR, 1.5;
95% CI, 1.0–2.3) compared to the PAT −/− genotype. Once more, comparing tea drinkers
with the PAT −/− and −/+ genotypes, the genotype impact was more noticeable among
never tea drinkers with the PAT +/+ genotype (OR, 3.3; 95% CI, 1.8–6.1), as well as the
PAT −/− and −/+ genotypes (OR, 2.5; 95% CI, 1.7–3.6). While no significant association
was found between the Ala499Val polymorphism and overall colorectal cancer, the authors
observed significantly increased odds among never-tea drinkers carrying either the CC
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genotype (OR, 2.8; 95% CI, 1.8–4.4) or the CT + TT genotype (OR, 2.2; 95% CI, 1.4–3.3) as
compared with tea drinkers carrying the CT + TT genotype [110].

Yu et al. (2012) investigated the influence of gene mutations in the cytosolic phospholi-
pase A2 PLA2G4A gene on the protective effect of tea consumption against colorectal cancer.
From a cohort of 1200 individuals, it was found that in carriers of the PLA2G4A rs6666834
polymorphism, tea consumption exhibited a significant protective effect. Compared with
non-tea drinkers with the TT/CT genotype of rs6666834, tea drinkers with TT/CT or CC
showed significantly lower odds of colorectal cancer (OR, 0.6; 95% CI, 0.36–1.00 for TT/CT
[p = 0.047]; 0.38, 0.19-0.74 for CC, [p = 0.0049]). This suggests that the analyzed genetic
variants may influence the cancer preventive properties of tea, underscoring the complex
interplay between diet, genetic factors, and cancer susceptibility [111].

These results suggest that genetic variations may predispose individuals to colorectal
cancer, but green tea consumption appears to modulate this risk, providing a protective
effect for carriers of certain genotypes. In addition, the interplay between genetics and diet
could inform personalized prevention strategies for colorectal cancer.

Except for the Singapore study, which showed the opposite trend, most trials con-
ducted in Asia consistently support the conclusion that green tea consumption may be
associated with a reduced risk of colorectal cancer. These studies, particularly those from
regions like Shanghai, suggest that green tea may confer a protective effect against colorec-
tal cancer, highlighting a potential link between its regular consumption and lower cancer
risk. In addition, studies from Korea and Taiwan have demonstrated a protective effect of
green tea or its extracts against colorectal adenomas.

7.2.2. European, American, and Australian Studies
Europe

Data from the European Prospective Investigation into Cancer and Nutrition (EPIC)
cohort, a comprehensive epidemiological study exploring various dietary and lifestyle
factors related to cancer risk, were used in two different studies. In one of these, the
association between the dietary intake of total and individual polyphenol classes and col-
orectal cancer (CRC) risk was evaluated in 476,160 European men and women. Polyphenol
intake was assessed using country-specific dietary questionnaires. Over a follow-up period
of 14 years, 5991 colorectal cancer cases were recorded [112]. The analysis found that a
doubling of total dietary polyphenol intake was not associated with colorectal cancer risk
in either women (hazard ratio [HR] log2, 1.06; 95% CI, 0.99–1.14) or men (HR log2, 0.97;
95% CI, 0.90–1.05). In a second study by Dik and coworkers, the association between coffee
and tea consumption and colorectal cancer risk was investigated using data from 477,071
participants of the EPIC cohort. Habitual coffee and tea consumption was assessed using
dietary questionnaires [113]. Over a median follow-up of 11.6 years, 4234 participants
developed CRC. Concerning tea consumption, no significant association was found be-
tween total consumption and CRC risk (HR, 0.97; 95% CI, 0.86–1.09). Risk estimates for tea
consumption and colorectal cancer risk were not modified by sex, diabetes, BMI, and intake
of red or processed meat. Furthermore, when considering potential effect modifications by
genotypes related to caffeine metabolism (CYP1A2 and NAT2), no significant differences
in colorectal cancer risk were observed between high tea consumers with slow enzyme
activity and non-/low consumers with fast enzyme activity. These findings suggest that
caffeine metabolism does not significantly influence the relationship between coffee and
tea consumption and colorectal cancer risk. Overall, both studies from the EPIC cohort
found no significant association between polyphenol or tea consumption and colorectal
cancer risk, suggesting that these dietary factors may not play a major role in influencing
colorectal cancer risk in the European population investigated.
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Non-significant results also emerged from a randomized, double-blind trial performed
in Germany. The effectiveness of a green tea extract (GTE), standardized to 150 mg of epi-
gallocatechin gallate (EGCG) twice daily, was assessed for preventing colorectal adenomas
in 1001 participants with a history of colon adenomas. After a 4-week safety run-in period,
participants were randomized to receive either GTE or a placebo for 3 years. There were
no significant variations in the adverse events between the two groups, indicating that
GTE has a good safety profile. Furthermore, there was no significant reduction of adenoma
incidence with GTE in the modified intention-to-treat population. Specifically, the adenoma
rate in the placebo group was 55.7%, and in the GTE group, it was 51.1% (adjusted relative
risk, 0.905, p = 0.16). Similarly, in the per-protocol population, the adenoma rate difference
was also not significant (adjusted relative risk 0.883; p = 0.117). The study concluded
that GTE did not significantly reduce the incidence of colorectal adenomas compared to
placebo [114].

Over a median follow-up of 8 years, 111 cases of colon cancer and 83 cases of rectal
cancer were diagnosed in Finland. Using proportional hazard regression models, the
authors examined the association between coffee and tea consumption and cancer incidence,
adjusting for potential confounders. Coffee consumption was not significantly associated
with either colon or rectal cancer. However, a positive association was observed between tea
consumption and colon cancer risk. Compared to non-tea drinkers, those who consumed
more than 1 cup/day had an RR of 2.09 (95% CI, 1.34–3.26). On the other hand, rectal
cancer incidence was not significantly improved by tea consumption. Thus, the hypothesis
that coffee or tea can protect against colorectal cancer in Finnish men was not supported by
this study [115].

In a large Swedish cohort study, Terry and coworkers examined 61,463 women over
an average 9.6 years of follow-up and identified 460 incident cases of colorectal cancer.
No overall associations were found between tea consumption and colorectal cancer in
age- or multivariate-adjusted models. For the highest tea consumption category (two or
more cups/day), the multivariate-adjusted relative risk compared to non-consumers was
0.97 (95% CI, 0.63–1.48). No significant association was found for proximal, distal, or
combined colon cancer. However, a non-significant positive association with rectal cancer
was observed, which became statistically significant in women aged over 65 years (RR,
2.26; 95% CI, 1.03–4.96) [116]. In conclusion, cohort studies conducted in Scandinavian
populations yielded mixed results regarding the relationship between tea consumption
and colorectal cancer risk. The Finnish study found a positive association between tea
consumption and colon cancer risk, while the Swedish study reported no significant overall
association, although a marginally significant positive association with rectal cancer risk
was observed in women over 65. These findings contrast with data from studies in China,
which consistently appear to show a protective effect of tea consumption against colorectal
cancer. This suggests that the impact of tea on colorectal cancer risk may vary by population,
age, and other factors.

USA

In a study by Shi et al. (2023), the association between flavonoid intake and survival
after colorectal cancer diagnosis was assessed in two large U.S. cohorts: the Nurses’ Health
Study and the Health Professionals Follow-Up Study. The analysis included 3695 CRC
survivors and evaluated the impact of flavonoid consumption on overall survival and
CRC-specific survival. The results indicated that higher flavonoid intake was associated
significant improvements in both overall survival and colorectal cancer-specific survival.
Specifically, for every standard deviation increase in total flavonoid intake, the hazard ratio
for overall mortality was 0.89 (95% CI, 0.83–0.95), and for colorectal cancer-specific mortality,
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the HR was 0.84 (95% CI, 0.71–0.98). Flavonoid subclasses, mainly the flavan-3-ol tea com-
ponent, are particularly associated with improved survival outcomes. The multivariable
HRs for CRC mortality per 1 daily cup of tea was 0.86 (0.75–0.99; p = 0.03) [117].

A US-based study aimed at examining the relationship between tea consumption
and colon cancer risk using data from the NHANES I Epidemiologic Follow-up Study
(NHEFS). The researchers applied Cox proportional hazard models to test whether frequent
tea consumption might have a protective effect against colon cancer. The study included
7656 tea users and 4514 non-tea users. After adjusting for potential confounders, the
relative risks of colon cancer for tea drinkers were significantly lower compared to non-tea
drinkers either for those drinking up to 1.5 cups per day (RR, 0.57; 95% CI, 0.42–0.78) or
for subjects consuming more than 1.5 cups per day (RR, 0.59; 95% CI, 0.35–1.00). Notably,
the protective effect was more pronounced in men, with an RR of 0.41 (95% CI, 0.25–0.66)
for men consuming up to 1.5 cups per day and an RR of 0.30 (95% CI, 0.09–0.98) for those
consuming more than 1.5 cups per day. In conclusion, this study suggests an inverse
relationship between habitual tea consumption and colon cancer risk, particularly among
men [118].

A smaller population-based case–control study in Midwestern US included 685 colon
cancer cases and 655 rectal cancer cases, aged 40–85 years, identified through the Iowa
SEER Cancer Registry. Controls (n = 2434) were frequency-matched by sex and age. Total
tea consumption was categorized as none, low (≤3 cups/day), medium (3.1–5 cups/day),
and high (>5 cups/day). The study found no association between total tea consumption
and either colon or rectal cancer after adjusting for age, sex, education, physical activity,
smoking history, and intake of coffee, fiber, and fruits and vegetables [119].

In conclusion, studies conducted in the USA suggest varying associations between tea
consumption and colorectal cancer risk. While a study in the Nurses’ Health Study and
the Health Professionals Follow-Up Study found that higher flavonoid intake, particularly
from tea, was associated with improved survival outcomes after colorectal cancer diagnosis,
and the NHANES study showed a marked reduction in colorectal cancer risk, other studies,
such as the one based on the Iowa SEER Cancer Registry, did not find a significant protective
effect of tea consumption on colorectal cancer risk. These findings highlight the complex
and context-dependent nature of the relationship between tea intake and colorectal cancer
outcomes in U.S. populations.

Australia

A case–control study conducted in Western Australia (2005–2007) analyzed the associ-
ations between tea, coffee, and milk consumption and colorectal cancer risk in 854 incident
cases and 948 controls. No significant positive or inverse associations were found between
black tea, green tea, decaffeinated coffee, or milk and colorectal cancer risk [120]. However,
the highest rate of green tea consumption in this study was rather undefined (one or more
cups a week), and subgroup analysis in this intake cohort was not performed.

8. Discussion
Green tea, traditionally consumed for centuries as a tonic beverage, has only recently

become the focus of extensive scientific research aimed at elucidating its potential health
benefits, particularly in disease prevention, including cancer. According to epidemiological
studies, green tea consumption may lower the risk of developing several malignancies, in-
cluding colorectal cancer [101,104,120]. Current evidence highlights that green tea catechins,
particularly epigallocatechin-3-gallate (EGCG), possess both therapeutic and preventive
potential. These compounds inhibit cancer initiation, development, and progression by
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modulating essential cellular processes such as proliferation, differentiation, apoptosis,
angiogenesis, and metastasis [35,41,51].

Studies utilizing tumor cell lines and animal models have provided significant insights
into the molecular mechanisms underlying the anticancer properties of green tea catechins.
Extensive research has demonstrated that these catechins regulate critical biological path-
ways involved in colorectal carcinogenesis. Notably, EGCG effectively induces apoptotic
cell death and enforces cell cycle arrest in cancer cells while exerting minimal effects on
normal cells, emphasizing its selective activity [32,35,41,56]. Furthermore, multiple animal
studies have corroborated these findings, revealing that green tea treatment markedly
reduces the incidence and growth of colorectal tumors, thereby supporting its potential
role as a chemopreventive and therapeutic agent [81,82,85,90].

Evidence gathered from individual studies and meta-analyses consistently indicates
that green tea consumption may exert a protective effect against colorectal cancer in spe-
cific populations, such as China (Shanghai), Taiwan, and Korea, whereas it appears to
be ineffective, or even detrimental (e.g., Singapore), in a number of other ethnic groups.
Moreover, the magnitude of this effect appears to vary substantially across studies. This
variability is likely attributable to differences in study designs (e.g., case–control versus co-
hort studies), methods of exposure assessment (e.g., self-reported green tea intake), and the
heterogeneity of the study populations. These factors underscore the inherent complexity
of investigating dietary interventions in cancer prevention. Geographically, regular green
tea consumption has been most strongly associated with a reduced risk of colorectal cancer
in East Asian populations, where the intake is typically higher. Moreover, research into
gene–environment interactions, such as the influence of genetic polymorphisms related to
DNA repair mechanisms, suggests that certain subpopulations may derive enhanced bene-
fits from consistent green tea consumption. However, similar protective associations have
not been consistently observed in European populations, highlighting potential regional
differences in dietary patterns, genetic predisposition, or environmental factors.

Despite experimental evidence supporting the association between green tea catechin
intake and a reduced risk of colorectal cancer, their clinical applications remain limited,
primarily due to poor bioavailability. The chemopreventive and anticancer effects of EGCG
are strongly influenced by its absorption efficiency and interactions with target tissues.
Thus, EGCG’s limited absorption and instability within the gastrointestinal tract signifi-
cantly impede its ability to effectively reach therapeutic targets, leading to discrepancies
between its demonstrated in vitro and in vivo biological effects. Catechins, including
EGCG, are rapidly metabolized under physiological conditions, often resulting in the
formation of degradation products or pro-oxidant molecules, irrespective of the administra-
tion method [41,121,122]. While administering higher doses of catechins might compensate
for these bioavailability challenges, excessive intake is associated with dose-dependent
toxicological effects. Consequently, achieving an effective therapeutic balance remains a
challenge for clinical application [123]. Significant attempts are being made to overcome
these limitations and enhance EGCG’s bioavailability and improve its cellular uptake.
Among these strategies, encapsulation of EGCG within hydrophobic nanocarriers has
shown considerable promise, particularly in colorectal cancer models. Such nanocarrier
systems provide increased stability and targeted delivery of EGCG, thereby overcoming
traditional barriers to its clinical use [124–127].

Although not specifically discussed in this review, studies investigating the co-
administration of EGCG with other nutraceuticals, such as curcumin, or conventional
chemotherapeutic agents, including irinotecan, have yielded promising results [128,129].
These findings suggest that EGCG may serve as a valuable adjuvant in traditional
chemotherapy, potentially enhancing the efficacy of chemotherapeutic agents while miti-
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gating their associated side effects. This dual action could improve therapeutic outcomes
and contribute to an overall enhancement in the quality of life for patients undergoing
cancer treatment.

9. Conclusions
Despite the promising findings obtained both in vitro and in vivo, the evidence regard-

ing the use of green tea components, mainly green tea catechins, in colon cancer prevention
and treatment remains inconclusive. Some studies have reported no significant associations
or, in certain cases, positive associations between green tea consumption and colorectal
cancer risk. To establish its efficacy as a chemopreventive agent, rigorous randomized
controlled trials and long-term cohort studies are essential. Particular emphasis should be
placed on assessing potential sex-specific effects, especially on women, as these may differ
due to hormonal and metabolic factors.

Additionally, future research should aim to determine the optimal dosages and du-
rations of green tea catechin intake required for maximum protective benefits while min-
imizing risks. Investigations into the interactions between green tea and other dietary
or lifestyle factors that influence cancer risk would further clarify its role in colorectal
cancer prevention and treatment. It would be of significant interest to further investigate
the molecular mechanisms underlying the synergistic interactions between EGCG and
conventional chemotherapeutic/chemopreventive agents or nutraceutical compounds. Ex-
panding the scope of research to include additional conventional pharmacological agents
could provide valuable insights into optimizing their clinical applications. The ability of
EGCG to enhance therapeutic efficacy may enable the use of lower drug dosages, thereby
minimizing associated adverse effects and improving the overall therapeutic index.
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