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ABSTRACT

Background: Tea is an ancient and beloved beverage consumed worldwide. Camellia
sinensis is an evergreen shrub used to make green, white, oolong and black tea. The
leaves are known to contain significant amounts of polyphenols, a type of protective
antioxidant. These polyphenols are linked to several health advantages, most notably as
supplementary therapy for the treatment of cancer. Previous clinical research indicated that
tea extracts may have cancer-preventing properties. However, its effectiveness remains

uncertain.

Search methods: A systematic review of clinical research on the effectiveness of
consuming Camellia sinensis teas by patients diagnosed with various malignancies was
conducted. This project comprehensively searched eligible studies from January 1, 1980, up
to July 1, 2024, in all databases (Cochrane Central Register of Controlled Trials (CENTRAL),
EMBASE, MEDLINE, PubMed Central® (PMC), Scopus, and reference lists of previous
reviews and included studies).Studies were searched and included in accordance with the
PICOS criteria, as determined by the PRISMA standards, considering the inclusion and
exclusion criteria. JBI SUMARI was utilized to conduct the risk of bias assessment and pool
the data to carry out a meta-analysis. Findings were presented on an Excel spreadsheet,
and statistics were summarized using a forest plot.

Main results: 100 studies were included in this systematic review and meta-analysis. The
systematic review revealed that green tea outperformed all other Camellia sinensis teas
since the highest and lowest intakes of green tea (> 2 cups/day) were associated with a
lower overall cancer incidence (summary RR 0.83, 95% CI = 0.65,1.07). As a result, a meta-
analysis was carried out on similar studies of green tea yielding similar outcomes.14 meta-
analyses were conducted on green tea and standard anti — cancer treatment versus
standard anti — cancer treatment alone, including tests for cancer prevention, cancer risk
reduction, and adverse events. All 14 effect sizes were statistically insignificant at p > 0.001
using random-effects model demonstrating an overall high methodological quality based on
the JBI 'Risk of bias' assessment tool with no evidence of between-study heterogeneity (12 <
50).

Conclusion: In addition to being safe and well-tolerated, green tea may have beneficial
effects on cancer risk reduction. To obtain a definitive conclusion and identify the
mechanisms behind this association, future research is necessary. Larger, longer-term
prospective cohort and clinical studies on oolong, white, and black tea are also warranted.
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CHAPTER 1 - INTRODUCTION

After decades of research and development concerning cancer treatment, cancer is still at
large and very much a threat to the global human population. Cancer remedies have been
sought from all possible directions, including chemicals, irradiation, nanomaterials, and
natural compounds. Tea is yet another important source of innumerable natural compounds
with chemo-preventative capacity (Oh et al., 2023). Camellia Sinensis is an evergreen
shrub belonging to the Theaceae family of flowering plants. Green, black, white and oolong

can be made from its leaves, leaf buds, and stems.

In Southeast Asia, where tea is a prevalent part of the culture and way of life, Camellia
Sinensis tea has been associated with lower risks for bladder, stomach, and pancreatic
cancers. A thorough literature search from 1980 up to 2024, revealed that among the
various variants of teas, green tea is the best-studied system for its cancer chemo-

preventative and chemotherapeutic effects.

Study findings (Filippini et al., 2020) demonstrated a high worldwide consumption of green
tea, that contains polyphenols which have a powerful antioxidant activity that can prevent the
formation of free radicals that may cause damage and cell death. Therefore it has been
suggested that green tea might reduce cancer risk, a theory that has been tested through a
number of studies on human populations, which examined the association between green
tea consumption and cancer (Filippini et al., 2020). Additionally, C. Sinensis contains
polyphenols, one subgroup being catechins. Catechins are powerful antioxidants, and
laboratory studies have suggested that these compounds may inhibit cancer cell

proliferation (Filippini et al., 2020).

Some experimental and nonexperimental epidemiological studies have suggested that green
tea may have cancer-preventative effects (Filippini et al., 2020). However, the main
underlying mechanisms of green teas potentially preventive effect against cancer is still
unknown. Additionally, current research shows a lack of knowledge regarding the anticancer
potential of black, white and oolong tea. More research in humans is needed before

Camellia Sinensis tea can be recommended as a cancer deterrent.

This systematic review protocol is registered on Prospero (CRD42024607504; see Appendix
L, page 122) and a poster presentation was successfully presented at the 2024 SASBCP
conference (Appendix M, page 123). Furthermore, this systematic review and meta-analysis
evaluated the effectiveness of consuming C. sinensis teas by patients diagnosed with
various malignancies. This project comprehensively searched eligible studies from January
1, 1980, up to July 1, 2024, in all databases.
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Numerous clinical research indicated that green, black, white and oolong tea may have
cancer-preventing properties. These studies used randomization to distinguish between the
effects of tea drinking and anticancer therapy. Furthermore, a control group was employed
to compare outcomes between the anti-cancer therapy only group and the anti-cancer
therapy and tea group, highlighting the antineoplastic benefits of C.sinensis tea. Thus, the
importance of this study was to further understand the beneficial role that C.sinensis teas
consumed by cancer patients on standard anti-cancer therapy may play in cancer
prevention and reduction in cancer risk. This study hopes to shed light on the importance of
C.Sinensis tea’s mechanisms as supplementary therapy in the treatment of cancer. The
outlay of the dissertation is illustrated in Figure 1.1.

CHAPTER 1

Introduction: The research topic is introduced, and the overall outlay of the dissertation is illustrated in a
flow diagram that outlines important aspects of the research.

Literature review: The background into Camellia Sinensis tea and cancer is provided. The review
question is presented along with the aims and significance of the review.

Methodology: The process from development to synthesis is stated, including the search
strategy, inclusion and exclusion criteria, PICOS and PRISMA guidelines, and the data

CHAPTER 4

Results: The findings of the systematic review and meta-analysis is presented.

Discussion: The key findings are compared to the current evidence base and tested for
consistency.

CHAPTER 6

Conclusions, limitations, and recommendations: The results of the systematic review
are summarized, together with limitations and recommendations for further research.

APPENDICES

Appendices: A list of appendices is offered to deliver further information.

References: A detailed bibliography is provided, including the sources of

Figure 1.1: Flow diagram of the dissertation

—_—
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CHAPTER 2 - LITERATURE REVIEW

2.1. BACKGROUND

Cancer is a fatal condition with poor prognosis and an increasing prevalence. In 2022, nearly
20 million new cancer cases were detected, with 9.7 million people dying from the disease
globally. Africa's greatest cause of cancer-related mortality is breast cancer, followed by
cervical cancer, with 85,787 and 76,745 deaths, respectively. Current standard cancer
treatment options may include chemotherapy, radiotherapy, and/or surgery (Cheng et al .,
2019). However, chemotherapy had poor effectiveness and is associated with significant
toxicity. As a result, viable therapies for cancer patients are still desperately required (Cheng
etal ., 2019).Tea brewed from the leaves of the Camelia sinensis plant is one of the most ancient
beverages consumed worldwide (Wang, 2009). There are four main types of tea originating from
the C. sinensis shrub: black, oolong, green and white tea. The majority of Camelia sinensis
tea's health benefits are due to its main polyphenolic components having potent antioxidant
properties which protect against diabetes, cancer, and cardiovascular disease (Bondarian,
2018). These polyphenols may also act as supplementary therapy for the treatment of cancer
(Kopustinskiene, 2020). Flavonoids, one of the polyphenols, has been discovered to have a
variety of anticancer effects, including modulation of reactive oxygen species, programmed
cell death, autophagy, participation in cell cycle arrest, and suppression of cancer cell
proliferation (Kopustinskiene, 2020). Preclinical investigations of green and black tea have
shown promising efficacy for the inhibition of tumour growth, development and proliferation
with fewer adverse events (Cheng, 2019). A phase Il randomized, double-blind, placebo-
controlled clinical trial discovered that green tea may have a protective role against breast
cancer that is comparable to tamoxifen's (Samavat, 2017). Researchers believe that
processing may play a role in the tea's anticancer effects. Although a comparable Cochrane
review was carried out in 2020, the focus of this systematic review is on the chemoprotective
properties of Camelia sinensis tea in general, not only green tea. In contrast to the 2020
Cochrane study, this systematic review expanded on the arguments, employed current
methodology, and conducted suitable narrative analysis.

2.1.1. Cultivation of Camelia sinensis tea

The four main types of tea originating from the Camelia sinensis shrub are distinguished by
the extent of fermentation and the methods of manufacturing. Oolong tea is only partially
fermented, black tea is fully fermented, and green and white teas are unfermented. According
to Manzocco et al. (1998) black tea is produced by fermenting green tea to create oolong. The
manufacturing process has an impact on the number of polyphenols in the tea (Manzocco,
1998).

14



21.2. Composition of tea

Green tea contains polyphenols such as flavanols, flavandiols, flavonoids, and phenolic acids.
The flavonoids are known as catechins, which are present in higher concentrations in green tea
than black or oolong tea (Chacko, 2014). As mentioned previously, due to the limited
processing of white tea, there is a higher quantity of polyphenols present. There are four types
of catechins found in green tea: epigallocatechin, epicatechin, epicatechin-3-gallate, and or
Epigallocatechin gallate (EGCG). Black tea is manufactured through fermentation, a process
in which polyphenol oxidase converts catechins into theaflavin (oligomeric polyphenols) and
thearubigins (polymeric polyphenols). In addition to the four main theaflavins, black tea also
contains theaflavin stereoisomers, numerous theaflavin derivatives, thearubigins and
flavonoids, which are important for preserving health (Kumar, 2013). Theobromine, theogallin,
quercetin and numerous other polyphenols are also present (Kumar, 2013). Oolong tea
leaves contain polyphenols categorized into several sub-groups: flavonol glycosides,
catechins, quercetin, tannins, and other flavonoids (Wang, 2019). In aged oolong tea leaves,
three flavonols, including quercetin, kaempferol, and myricetin have been detected (Wang,
2019). White tea is composed of phenolic compounds, theogallin (3-galloylquinic acid) and
caffeine (Piyasena, 2023).

2.1.3. Cancer and treatment

The diverse group of diseases collectively referred to as cancer are categorized by the
uncontrolled division of abnormal cells with the capacity to invade and harm healthy body
tissue. Following heart disease, cancer is the second-leading cause of death worldwide
(WHO). Cancer was the leading cause of disease burden in 2016, according to the World
Health Organization (WHO), accounting for 244.6 million mortalities in both men and
women (O'Neill, 2021).

2.1.3.1. Breast cancer

In 2020, 2.3 million women were diagnosed with breast cancer, and 685 000 died as a result
(WHO, 2023). Breast cancer, as defined by the World Health Organization (2023), is a
condition in which abnormal breast cells develop sporadically and proliferate to generate
tumours. If left untreated, tumours can metastasize throughout the body and be deadly.
Treatment is tailored to the individual, the kind of cancer, and its spread. Treatment includes
Surgery, radiation, and chemotherapy such as doxorubicin, paclitaxel and docetaxel, 5-
fluorouracil or capecitabine. Cyclophosphamide, and carboplatin are administered to treat
inoperable malignancies (O’Shaughnessy, 2000). The five-year survival rate is 91%
(American Cancer Society, 2023).
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2.1.3.2. Prostate cancer

Prostate cancer (PC) is the most frequent malignancy among males globally. Furthermore, it
is one of the leading causes of cancer-related deaths. Hormonal treatment, particularly
androgen deprivation therapy, is considered the standard treatment (Miyata, 2019). First line
chemotherapy using docetaxel and cabazitaxel are also utilized, however chemoresistance
is developed in patients with castration-resistant prostate cancer (CRPC). This is because
CRPC is thought to entail a variety of gene alterations and alternative signaling pathways.
As a result, therapy techniques that target only a few pathways are ineffective. The five year
survival rate is 97% (American Cancer Society, 2024).

2.1.3.3. Bladder cancer

Bladder cancer is a complex disease associated with high morbidity and mortality rates if not
treated optimally (Kamat, 2016). The bladder-sparing trimodality treatment of transurethral
resection combined with chemotherapy and radiation is available to a select group of
patients with muscle-invasive tumours. Systemic cisplatin-based chemotherapy is the most
effective treatment for advanced cancer; immunotherapy is becoming a feasible salvage
option for patients whose disease cannot be controlled with first-line chemotherapy (Kamat,
2016). The five-year survival rate is 78 % (American Cancer Society, 2022).

2.1.3.4. Liver cancer

Primary liver cancer, also known as hepatocellular carcinoma (HCC), is a significant cause
of cancer-related deaths globally (Liu, 2015). Surgery, local destructive therapy, and liver
transplantation all have the potential to cure individuals with early HCC. However, HCC is
typically identified at an advanced stage, and many patients at this stage are ineligible for
curative therapy. Furthermore, standard systemic chemotherapy, namely single-agent
Doxorubicin, has low effectiveness and limited survival advantages (Liu, 2015).The approval
of sorafenib, a multikinase inhibitor, has demonstrated modest survival benefit in patients
with advanced HCC and retained liver function (Liu, 2015). The five-year survival rate is 22%
(American Cancer Society, 2024).

213.5. Lungcancer

Lung cancer is the second most common cancer among men and women. Smoking is the
leading cause of lung cancer, accounting for 75-80% of all deaths from the disease
(Cersosimo, 2002). Treatment includes surgery, radiation, and chemotherapy such as
cisplatin or carboplatin. Chemotherapy used synergistically with radiation may enhance
survival (Cersosimo, 2002). The five-year survival rate for non — small and small cell lung
cancer is 28% and 7%, respectively (American Cancer Society, 2023).
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2.1.3.6. Colorectal cancer

Colorectal cancer is one of the deadliest and most common tumours in the world. Treatment
includes surgery and Adjuvant chemotherapy. Novel target-oriented drugs, primarily used in
combination with chemotherapy such as cetuximab and bevacizumab, have demonstrated

strong efficacy (Labianca, 2010). However, chemoresistance limits its efficacy (Zhao et al.,

2022). The five-year survival rate is 63% (American Cancer Society, 2023).

2.1.3.7. Ovarian cancer

Ovarian cancer accounts for 4% of all cancers in women and is the greatest cause of
mortality among gynecologic malignancies. Treatment includes surgical staging, operative
tumour debulking, and six cycles of carboplatin and paclitaxel intravenous chemotherapy
(Hennessy, 2009). The five-year survival rate is 50% for invasive epithelial ovarian cancer

(American Cancer Society, 2023).

2.1.3.8. Non - Hodgkin Lymphoma

Non-Hodgkin lymphomas are a diverse category of lymphoid-related cancers. These
disorders are categorized as B-cell and T-cell neoplasms by the World Health Organisation
based on their hematological and lymphoid tumour characteristics. Treatment includes
radiation, chemotherapy (doxorubicin-based chemotherapy mixed with rituximab or rituximab
alone in severe cases for stage Il and IV) , immunotherapy, or radioimmunotherapy (Ansell,
2005). Disease relapse is an issue, and high-dose therapy with stem cell support is the
preferred treatment for chemo-sensitive recurrent aggressive lymphomas (Ansell, 2005). The
five-year survival rate for Diffuse large B-cell ymphoma and Follicular lymphoma is 65% and
90%, respectively (American Cancer Society, 2023).

2.1.3.9. Gastric cancer

Gastric cancer is the fourth most frequent kind of cancer and the second major cause of
cancer mortality globally. Surgery is still the sole curative treatment, however perioperative
and adjuvant chemotherapy, as well as chemoradiation, can enhance the result of
resectable gastric cancer with extensive lymph node dissection (Orditura, 2014). Second-line
chemotherapy such as ramucirumab combined with paclitaxel has proven efficacy (Orditura,
2014). The five-year survival rate is 36% (American Cancer Society, 2024).

2.1.3.10. Pancreatic cancer

Pancreatic cancer is the fourth highest cause of cancer mortality in both men and women. It
is an aggressive malignancy with a poor prognosis and patient survival rate of fewer than
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5% after five years. Despite breakthroughs in surgery and radiation therapy, no substantial
increase in overall survival was seen. Treatment for locally advanced, unresectable, and
metastatic illness is palliative, albeit fluorouracil chemoradiation for locally advanced and
gemcitabine chemotherapy for metastatic disease may give palliative advantages.
Preoperative chemoradiation was being promoted with a broader role for gemcitabine (Li,

2004). The five-year survival rate is 13% (American Cancer Society, 2024).

21.4. Tea as supplementary therapy during cancer treatment

Tea consumption ranks among the various options used to prevent cancer development and
progression (O'Neill, 2021). Previous studies (Ahmad, 1997) on green tea have reported that
the tea has cancer protective effects. Polyphenols in green tea exhibit increased antioxidant
effects when compared to vitamin C and E. Green tea consumption is one of many modalities
used in the prophylaxis of cancer development and progression. Green tea catechins were
found to induce apoptosis of carcinogenic cells (Ahmad, 1997). Proposed mechanisms of
action by which green tea exerts cancer prevention and progression include: (1) activation of
tumor suppressor genes, inducing apoptosis and inhibiting angiogenesis and other
transcription factors involved in the promotion and progression of aberrant cells to a malignant
phase (Rahmani, 2015). (2) Inhibiting enzymes and pathways, via the action of EGCG and
other catechins, involved in cancer initiation, promotion, and progression such as interleukin,
cyclooxygenase, lipoxygenases and tumor necrosis factor (Rahmani, 2015). (3) Scavenging
free radicals and neutralizing the damage of macromolecules since green tea has high
antioxidant activity (Rahmani, 2015). (4) Modulating genes involved in tumorigenesis,
promotion and progression (Rahmani, 2015).

Tea polyphenols help to prevent the development of potential carcinogens in the body through
antioxidant activity, modulation of enzymes involved in carcinogen metabolism, anti-
inflammatory effects, inhibition of cell proliferation and induction of apoptosis, modulation of
cell signaling pathways and preventing DNA adduct formation. The overall mechanism of
action of polyphenols involve multiple stages of carcinogenesis—initiation, promotion, and
progression—making them valuable in cancer prevention strategies (O'Neill,
2021).Theaflavins are a class of polyphenol found exclusively in black tea. The administration
of theaflavins found in black tea, either orally or topically, has been shown to protect against
the initiation, promotion, and progression of cancer (O'Neill, 2021).

Evidence suggest that theaflavins have potent anti-cancer properties that inhibit key signaling
pathways associated with cancer's attributes. In vitro, theaflavins appear to promote cell cycle

arrest and apoptosis while reducing cancer cell proliferation, survival, and migration. (O'Neill,
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2021). In vitro studies have also discovered a correlation between theaflavins' anti-proliferative
effects and elevated pro apoptotic protein Bax expression and decreased anti-apoptotic
protein Bcl-2 expression, supporting theaflavins' pro-apoptotic potential. Oolong tea extracts
have a great potential as a chemo-preventive agent against breast cancer (Wang, 2022).
Oolong tea polyphenols induce cell apoptosis in breast cancer cell lines (MDA-MB231) primarily
via the death-receptor- mediated extrinsic apoptotic signaling pathway, as the extract not only
downregulated intracellular reactive oxygen species (ROS) levels but also induced oxidative
damage to mitochondria (Wang, 2022).

According to a 2015 in vitro study (Hajiaghaalipour, 2015), white tea suppresses proliferation
of the colon cancer cell line HT-29, activates caspases, and protects normal cell DNA from
oxidative damage (Hajiaghaalipour, 2015). White tea exhibited a strong antioxidant activity
which correlated significantly to their phenolic content. White tea also displayed strong anti-
proliferative action against HT-29 cells while being non-toxic to normal fibroblasts
(Hajiaghaalipour, 2015). Furthermore, white tea suppressed HT-29 colon cancer cells via the
death receptor and mitochondrial apoptosis pathways, as evidenced by elevated caspase-
3/7, -8, and -9 expression levels (Hajiaghaalipour, 2015).

Numerous studies (Al-Mahdi, 2023) have been conducted on various types of therapeutic
interventions for cancer. At present, the use of Camellia sinensis as a supplemental therapy
for cancer is the subject of considerable research. Furthermore, there have been many studies
and trials on the use of Camellia sinensis, but the results are equivocal (Al-Mahdi, 2023).
Although black, green, and oolong tea extracts are used as supplementary therapy after initial
cancer treatment or to alleviate cancer and/or chemotherapy-induced side effects, it is unclear
whether they are beneficial, detrimental, or have no effect (Al-Mahdi, 2023). In addition, the
extent of knowledge of any beneficial effects of Camellia sinensis tea consumption while on
or after cancer treatment by cancer patients, is not fully known (Al-Mahdi, 2023). Taking the
evidence into account thus far, an updated systematic review and meta-analysis was
performed to examine the latest findings on the topic at an evidence-based level. Findings of
this study will further our knowledge whether the consumption of Camelia sinensis tea during
or after standard cancer treatment has any effect on the progression of the disease.

2.2, PROBLEM STATEMENT:

Is Camellia sinensis tea consumption by cancer patients effective in reducing disease
progression and increase in remission rate while on standard cancer treatment, compared to

treatment alone?
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2.3. AIMS AND OBJECTIVES

Aim:

The study aims to assess the effect of Camellia sinensis teas consumed by cancer patients on

standard anti-cancer therapy, on cancer disease progression and remission rates as well as on

quality of life and safety, by performing a systematic review of the literature. Additionally, a meta-

analysis of the results extracted from sufficiently homogenous studies was performed.

Objectives:

To assess possible associations between Camellia sinensis tea consumption and the risk of cancer

incidence, overall survival (OS), overall response rate (ORR), progression-free survival (PFS),

mortality, safety data and quality of life and five-year mortality rate as primary outcomes.

The next chapter will focus on Methodology. An overview regarding study selection, search
strategy, data extraction, outcome measures and data analysis is provided. Additionally, the
inclusion and exclusion criteria is outlined considering the PICOS framework (Table 3.2,
page 22) and Prisma guidelines (Table 3.3, page 23). A flow diagram of the next chapter is
provided below (Figure 2.1).

@ Study selection and search strategy is
outlined. Mesh terms used in database
search are also provided (Table 3.1).

Y

@ PICOS framework (Table 3.2) and
inclusion and exclusion criteria
(Table 3.3) is provided.

@ Data analysis and data
synthesis is outlined.

\

@ Data extraction and and quality @ Outcome measures is
assessment is outlined. outlined.

Figure 2.1: Flow diagram of the Methodology section.
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CHAPTER 3 - METHODOLOGY

1.1.  Study selection and Search Strategy

An extensive search of the Cochrane Central Register of Controlled Trials (CENTRAL),
EMBASE, MEDLINE, PubMed Central® (PMC), and Scopus databases was carried out. A
comprehensive strategy was used to incorporate published papers between January 1, 1980,
and July 1, 2024. The databases mentioned above were utilized as they offer a broad
overview of existing literature on the research topic at hand. A reference list of relevant
research was reviewed to determine if any other publications can be included. This project
searched all databases and included any appropriate randomized control trials; cohort studies;
case — control studies; combined case - control and cohort studies, as well as combined case
control and prospective studies; prospective studies; epidemiology studies and observational
studies. Moreover, studies were also obtained from systematic reviews regarding the current
available literature on tea (Camellia sinensis) consumed as supplementary therapy for
cancer. For additional studies, meta-analyses on the subject were assessed and a recursive
search was carried out on the references of the selected articles. The search strategy was
conducted using certain key words (Table 3.1).

Table 3.1: Table showing the search strategy for the database search.

Terms connected by OR AND | Terms connected by OR

“Tea” [MeSH terms] Or “Camellia “carcinoma ” Or “tumour” Or “metastasis” “breast
sinensis” Or “green tea” Or “black cancer”, Or “lung cancer” Or “prostate cancer” Or

tea” Or “oolong tea” Or “white “colorectal cancer” Or “ovarian cancer” Or “liver cancer”
tea” Or “polyphenols” Or “plant Or “non — Hodgkin’s lymphoma” Or “gastric cancer” Or
antioxidants” “pancreatic cancer” Or “cancer” Or “neoplasm”

The proposed research question in this systematic review is best answered by randomized
controlled trials (RCT). However, due to the shortage of research surrounding this topic, both
observational studies and RCT’s were included. Thus, this study incorporated all eligible
randomized control trials; cohort studies; case — control studies; combined case - control and
cohort studies, as well as combined case control and prospective studies; prospective
studies; epidemiology studies and observational studies without any limits on language or
publication. Sources with various languages would have been translated using a free online
translation service, however no studies written in other languages fit the inclusion criteria and
were therefore excluded. The author of the dissertation (Raeesah Laher) and a secondary
reviewer (Yumna Johnson) independently reviewed the titles and abstracts of all selected
studies for eligibility. Yumna Johnson is a GEMP VI student who has successfully completed
several systematic reviews and meta-analysis over the course of her degree. The full texts
were then reviewed for further selection using the stated eligibility criteria.
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Any differences between the primary author and secondary reviewer were resolved by
consulting a third reviewer (Supervisor; Dr AD Van Eyk). For example, disagreements
occurred during full text screening whereby a decision made by a single reviewer was
inconsistent with the final included list of studies. These disagreements were reconciled via

consensus or arbitration by a third reviewer.

The systemic review and meta-analysis was conducted using the Cochrane Handbook for
Systematic Reviews of Interventions. The study selection was organized according to the
PICOS framework (Table 3.2): Participants, Intervention, Comparators, Outcomes, Study
Design (Hutton et al., 2015). The PRISMA flow diagram (Appendix A, page 112) was used for
screening the literature. Articles were screened by title first and then the remaining articles
underwent further screening by abstract according to the exclusion and inclusion criteria
(Table 3.3). The articles meeting the inclusion criteria were then screened by full text and
those that did not meet the inclusion criteria were removed. Additionally, Zotero 7.0 (Computer
software, Roy Rosenzweig center for History and New media (2016)) was utilized as a
reference manger. The systematic review and meta-analysis utilized the methodology set out
by the JBI Reviewer's Manual for JBI Systematic Reviews of Effectiveness (Tufanaru et al.,
2020). A SWiM (Synthesis Without Meta-analysis) framework was utilized when a meta-

analysis was not feasible.

Table 3.2: PICOS statement framework to determine the eligibility criteria for articles to be

included in the research study.

Criteria Description

lymphoma, gastric and pancreatic) over the age of 18, all genders and races.

P-Participants | Cancer patients (breast, prostate, bladder, lung, colorectal, ovarian, liver, non- Hodgkin

I-Interventions | Various Camellia sinensis teas (Green, black, white and oolong) as
supplementary therapy together with or after standard cancer therapy.

C-Comparators| Standard cancer therapy (i.e. Chemotherapy and/ or radiation) only without
supplementary therapy.

(ORR), progression-free survival (PFS), risk of cancer
incidence, morbidity, safety and quality of life and five-year mortality rate.

0O-Outcomes The primary outcomes - evaluated based on overall survival (OS), overall response rate

prospective studies; epidemiology studies and
observational studies.

S-study Design| Randomized control trials; cohort studies; case — control studies; combined case -
control and cohort studies, as well as combined case control and prospective studies;

Eligible studies were selected based on the inclusion and exclusion criteria (Table 3.3, page
23).
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Table 3.3: Inclusion and exclusion criteria for articles in the research study.

Inclusion Criteria Exclusion criteria
Studies with data from randomized control trials; cohort studies; case In vitro studies, animal studies,
— control studies; combined case - control and cohort studies, as well and case studies

as combined case control and prospective studies; prospective
studies; epidemiology studies and observational studies.

Various cancer patients consuming different types of tea from Camellia | Patients under the age of 18
sinensis as supplementary in conjunction with or after standard cancer | years

therapy

Studies reporting data on at least one of the primary outcomes Patients with additional severe
diseases that might alter the
outcome measurements, such as
cardiovascular disease or a
major stroke

Any language and publication from January 1, 1980, up to July 1, Patients on additional medication

2024, in all databases. for treatment of co-morbidities
that can
interfere with study results

Patients between the age of 20 — 80 years Herbal teas

1.2. Data extraction and Quality assessment

On selected articles, data was extracted into a standard extraction tool (Excel form) based on
the following information: age, race, gender and type of cancer of participants, sample sizes,
risk (n/N), mean + SD (standard deviation), intervention applied, comparator if any, outcome
measures and adverse effects. A modified data extraction tool from the JBI-SUMARI software
was utilized for further data extraction and analysis. The data was extracted utilizing the JBI
System for the Unified Management, Assessment and Review of Information (SUMARI) to
produce several meta- analyses. The included studies’ citations were imported into SUMARI
software (Joanna Briggs Institute, Adelaide, Australia) for processing (Munn et al., 2019). To
elaborate, elements of data extraction were undertaken through JBI SUMARI modified data
extraction tool. Data extraction began with recording the type of text. Once data extraction of the
background details was complete, the extraction become highly specific to the nature of the
data of interest and the question being asked in this systematic review. Additionally, a meta-
analysis of the results extracted from sufficiently homogenous studies was performed. JBI
SUMARI was utilized to pool the data and carry out the meta-analysis

The JBI Risk of Bias Tool was used to assess the risk of bias in each included study. JBI Risk
of bias tool assessed the quality of studies (internal validity). The GRADE assessment was
utilized to determine certainty of evidence for each outcome (Guyatt et al., 2008).1f the primary
author and secondary reviewer disagreed on assessing the danger of bias, a tertiary reviewer
was consulted for consensus. The quality of selected studies was evaluated using the same
tool which assessed characteristics such as selection bias, performance bias (blinding of
participants), detection bias (outcome assessment), attrition bias (incomplete outcome data)

and selective reporting bias (Higgins et al., 2011).
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This tool assesses the risk of bias in 7 domains, identifying high, ambiguous, or low risk. Each
characteristic was judged according to the following criteria: low risk bias, uncertain risk of
bias and high risk of bias (Higgins et al., 2011). A single risk of bias tool was applied across
studies due to practical considerations; however, this may limit the specificity of the
assessment for non-conforming study types. Consistent application was ensured by focusing
on universally applicable domains (e.g., participant selection, outcome assessment).
Sensitivity analysis was performed to ensure the stability of the pooled results by excluding
poor-quality research. If more than ten qualifying papers were included, the Egger linear
regression test and a funnel plot were used to uncover potential publishing biases (Afonso,
2023). Additionally, to assure the study's internal validity and reliability, the following measure
was taken; selection bias was reduced with the use of inclusion and exclusion criteria and the
exclusion of studies with patients on additional medication for treatment of co-morbidities,
such as cardiovascular disease or a major stroke, that can interfere with study results.
Limitations arose when the studies presented with clinical heterogeneity due to variations in
patient populations or demographics. For example, the population may not always be
representative of a general target population or Observational studies may have greater

heterogeneity in the target population because treatment is not randomly assigned.

1.3. Outcome measures

The primary outcomes of this review were evaluated based on overall survival (OS), overall
response rate (ORR), progression-free survival (PFS), risk of cancer incidence, morbidity,
safety and quality of life as well as the five-year mortality rate. For studies reporting multiple
follow-up periods within an individual time point category, data at the latest follow-up time was
extracted in each study. The final mean+SD values were extracted at the end of the follow-
up. When unavailable, the mean+SD changes from baseline were used. The primary outcome
safety was measured based on the number of patients reporting any adverse events for each
intervention (Camellia Sinensis tea) and comparator (standard anti-cancer therapy),
withdrawal due to adverse events and serious adverse events. In cases where relevant data
was not reported, the authors were contacted for details. When authors were unavailable data
was estimated according to the Cochrane Handbook.

1.4. Data analysis and Data synthesis

The effect of Camellia sinensis teas consumed by cancer patients on standard anti-cancer therapy,
on cancer disease progression and remission rates as well as on quality of life and safety, was
assessed as mentioned prior by performing a systematic review of the literature as specified by the
PICOS framework, inclusion and exclusion criteria and the PRISMA guidelines. In this study, JBI
SUMARI was employed to pool the data and conduct a meta- analysis of the results extracted from

sufficiently homogenous studies.
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The meta-analysis analyzed the following: risk, relative risk (ratio of the probability of an
outcome in an exposed group to the probability of an outcome in an unexposed group), odds
ratio (measure of association between an exposure and an outcome) , p value (sig p < 0.05;
a number describing how likely it is that your data would have occurred under the null
hypothesis of your statistical test), Confidence interval (mean of your estimate plus and minus
the variation in that estimate), I? statistic (test of heterogeneity), weighted average, standard
mean difference, random effects model and fixed effects model. Risk ratios /Overall risk was
used for a particular factor and outcome relationship. Dichotomous data was presented as a
risk ratio with 95% confidence intervals (Cls). Continuous data was presented as mean
difference, standardized mean difference, and 95% confidence intervals. The JBI 12 test was
used to examine heterogeneity. If the value of 1> >50%, significant heterogeneity was
considered. Alternatively, if the value of 12 < 50%, acceptable heterogeneity was considered. If
appropriate heterogeneity was discovered, a fixed-effect model was employed to pool the
data, and meta-analysis was carried out. If considerable heterogeneity was detected, a random
effect model was used, followed by narrative summary. Meta- analysis was undertaken based
on narrative summary. If there was still considerable heterogeneity after the narrative
summary, no meta-analysis was undertaken. A narrative description was provided to
elaborate findings of the study. Furthermore, Adjusted Risk Ratios (ARR) were applied to
adjust for baseline characteristics and rule out biases.

1.5. Methodology for carrying out the meta-analysis.
1.5.1. Data Extraction and Data combination

Fourteen of the original 100 studies were retrieved and assessed in more detail. The 14
studies that met the eligibility criteria consisted of 5 randomized control trials, 4 cohort
studies 2 epidemiology studies, and 3 observational studies (consisting of case-control and
cohort studies) that met the eligibility criteria were included. For all 14 studies, the following
characteristics were collected: author, publication year, country of origin, study design, sex
of subjects, sample size, treatment exposure dosage and duration, the risk ratios or overall
response and 95% Cls, that reflected the highest level of control for potential

unknown factors, and variables accounted for in the analysis. Study selection and data

collection were carried out independently by two authors.

1.5.2. Statistical analysis

Overall response with 95% CI, was the common measure of the association in this meta-
analysis, and risk ratio in the cohort studies were considered approximately as ORs and
RRs.
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The results that were reported by sex separately were combined with a fixed-effects model,
and the combined results were used in the meta-analysis. The random-effects model
accounting for between-study variation was assigned to compute the summary risk
estimates. Statistical heterogeneity was assessed I? statistics. For the I? statistic the
following cut-off points were set: <25% (low heterogeneity), 25%—-50% (moderate
heterogeneity) and >75% (severe heterogeneity). Potential publication bias was evaluated
using Egger’s test and Begg’s funnel plot . All statistical analyses were performed using JBI
SUMARI software (Joanna Briggs Institute, Adelaide, Australia) for processing (Munn et al.,
2019).

The next chapter will focus on results. An overview of study selection and characteristics (see
Figure 4.1; page 28, PRISMA flow diagram of the review), publication bias (see Figure 4.2,
page 29; JBI Risk of bias graph), characteristics of eligible studies (see Table 4.1, page 30 -
46), and narrative summary (see Table 4.2, page 47) is illustrated in table format, included
studies illustrated in a Pie chart (see Figure 4.3 and 4.4, page 50), diagnosis, exposure, effects
of interventions, primary outcomes (see Table 4.3, page 64) are provided. The results section
includes a Meta analysis (see Figure 4.5; page 66, Flow diagram of the meta-analysis) of
similar studies on green tea with similar outcomes (see Table 4.4, page 68 - 69). Forest plots
illustrating associations between reduction in cancer risk, cancer prevention and adverse
events and green tea exposure (see Figure 4.6, 4.7 and 4.8, page 71-73, respectively) are
also provided. A flow diagram of the next chapter is provided below (Figure 3.1).

Study selection, characteristics and publication bias is
outlined. Risk of bias graph for all included studies is :
provided (Figure 4.2).

v

Characteristics of eligible studies are summarized @ ForeSt_pIotS showing link _between reduction in
in Table 4.1. A narrative summary is provided in cancer risk, cancer prevention and adverse
Table 4.2. events and green tea exposure (see Figure 4.6,

A

A 4

Included studies illustrated in a Pie chart (see Figure 4.3 @ Meta analysis (see Figure 4.5) of similar |
@ and 4.4), diagnosis, exposure, effects of interventions, studies on green tea with similar
primary outcomes (see Table 4.3) are provided. outcomes is provided (see Table 4.4).

Figure 3.1: Flow diagram of the results section

26



CHAPTER 4 - RESULTS

4.1. Study selection and characteristics

In the initial literature search, a total of 229 articles were found, 30 articles were removed after
title screening and 174 articles were screened by abstract after the removal of duplicates (n =
25) from Zotero. A total of 60 articles were removed after abstract screening and the main
reasons for exclusion included incorrect publication type, in vitro or vivo studies, not Camellia
sinensis related studies, case studies, not outcomes of interest and additional duplicates. This
process resulted in 114 articles being selected for full-text screening. Of those, 13 articles
were excluded for the following reasons: not accessible, not primary studies, not Camellia
Sinensis or comparator (standardized anti-cancer treatment) of interest, not outcomes of

interest, mixed therapies and duplicates.

A manual search was also conducted on the reference list of full-text articles and 101 studies
met the inclusion criteria. However, 1 article was excluded from the analysis because there
were not enough studies to make a meta-analysis group. Thus, this process resulted in a total
of 100 articles describing 22 randomized control trials; 22 cohort studies; 15 case — control
studies; 4 combined case control and cohort studies; 1 combined case - control and
prospective study; 4 prospective studies; 7 epidemiology studies; and 25 observational studies
that met the inclusion criteria and were included in the meta-analysis (see Figure 4.1, page
28). It is worth noting that studies on Oolong tea were partially included in this review because
only one of the studies in the selection process met the inclusion criteria. Table 4.1 (page 30
— 46 ) summarizes the key characteristics of the included studies.

Most of the trials included participants with breast, prostate, bladder, lung, colorectal,
ovarian, liver, non-Hodgkin lymphoma, gastric and pancreatic cancer, 1 trial included
participants with endometrial cancers and 2 other trials included participants with laryngeal
cancer and pre-malignant oral legions, respectively.

The mean age and standard deviation of participants was 45.0 + 55.0 years. The average

proportion of women was higher in endometrial, breast and ovarian cancers while the

average proportion of men was higher in prostate, bladder and lung cancers.
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The treatment duration and follow-up period ranged between 3 months to 11 years. For

studies in which the same intervention was investigated using different formulations (For
example, green tea extract or Epigallocatechin gallate (EGCG) or different dosages, data

was combined according to recommendations from the Cochrane handbook.

Records identified through database searching
PubMed (n= 38)
s Scopus (n=32)
= Google scholar (n=157)
9% Cochrane library (n= 2)
=
7]
= v
Total Articles Articles excluded after title screening
— (n=229) (n=30)
Zotero | Duplicates excluded
g (n=25)
)
Abstr(act_s :;;e)ened Records excluded
2 e (n= 60)
=
7]
o
Q
V)
Full-text articles excluded, with reasons
Full-text articles assessed (n=14)
for eligibility o Not accessible (n=1)
(n=114) o Not primary studies (n=6)
o Not Camellia Sinensis or comparator
of interest (n=1)
= Manual search o Not outcomes of interest (n=3)
= ) o Mixed therapy(n=1)
'_u% (se\'/eral studies > o Duplicates (n=1)
= included) o Not enough studies to make a meta-
analysis (n=1)
v
— Studies included in quantitative synthesis (meta-analysis)
(n=100)
RCTs (n=22)
I Observational studies (n=25)
B Prospective studies (n=4)
E Cohort studies (n=22)
Epidemiology studies (n=7)
Case - Control studies (n=15)
Case Control and Prospective studies (n=1)
Case Control and Cohort studies (n=4)

Figure 4.1 : PRISMA flow diagram of the review (Page et al, 2017)
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4.2, Publication bias

The JBI risk of bias tool was used to assess the quality of the included studies in narrative
form. The decisions about the scoring system and the cut-off for inclusion of a study in the
review were made in advance and were agreed upon by all participating reviewers before
critical appraisal commenced. The goal of critical appraisal (assessment of risk of bias) was to
assess the methodological quality of a study and to determine the extent to which a study had
excluded or minimized the possibility of bias in its design, conduct and analysis. The results
of the risk of bias (methodological quality) assessment for each aspect of methodological
quality (randomization; blinding; measurement; statistical analysis etc.) are illustrated in the
risk of bias graph (Figure 4.2) below for each individual study and the overall risk of bias of

the entire set of included studies.

For randomization 64.55% of studies, were interpreted as high risk of bias whilst 27.27% were
judged as low risk of bias. For allocation concealment, the risk of bias percentage in studies
was judged as 25.89% (72.72 % high risk and 26.36% low risk). For blinding of the participants
and personal, the risk of bias percentage in studies was judged as 17.85% (80.90 % high risk
and 18.18% low risk). Blinding of outcome assessment and incomplete outcome data were
mostly judged as low risk of bias (83,63% and 87,27% , respectively). For selective reporting,
approximately 4.55% were judged as high risk of bias, 70 % were judged as low risk of bias and
25.45% were judged unclear. The high-risk judgement was due to conflicts of interest. The
rationale for the risk of bias ratings assigned to each study was assessed by interpreting
characteristics of the design and conduct of the study that have been shown by empirical
evidence to minimize the risk. Overall, the quality (risk of bias) of these studies were evaluated

as low to moderate.

Random sequence generation (selection bias)_:l

Allocation concealment (selection bias)_]

Blinding of participants and personnel (performance bias)—
Blinding of outcome assessment (detection bias)_:l
Incomplete outcome data (attrition bias)_:|

Selective reporting (reporting bias)_ |

[l 1 I | |
T T T 1
0% 25% 50% 75% 100%

.Low risk of bias |:|Unclear risk of bias .High risk of bias ‘

Figure 4.2: Risk of bias graph for all included studies.
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43.

Characteristics of included studies

Characteristics of the 100 studies on Camelia sininsis tea consumption and cancer risk, as well as the 95 % confidence intervals for eligible
studies included in this systematic review and meta-analysis is further elaborated in the table below (Table 4.1). The table below is colour
coded based on the different types of C. Sinensis tea; i.e. Green tea (green), Black tea (peach), Green & black tea (pink), White tea (purple),

Oolong tea (yellow), Green, black & white tea (blue) and Green & oolong tea (orange).

Table 4.1: Characteristics of eligible studies included in this systematic review and meta-analysis.

Authors, year ‘ Location ‘ Study type Number of ‘ Age Sex Standard treatment OR (95 % Cl) Tea exposure Outcome
participants range level and period
All types of cancer
Naveed etal | Chinaand Observational 1335 74 - 45 Male and female | =  Surgery OR for protection against cancer= | 22 cups BT/day BT intake had a protective effect.
- (2018) Japan studies; with cancer = Radiation 0.79; 95% Cl: (0.65,0.97) for+6—12
(consisting of =  Chemotherapy months
case-control
studies and
cohort studies)
Zhao etal ., China Observational 153,598 20-70 Male and female =  Surgery OR for cancer risk = 21 cup BT or GT No association between BT band
(2021) studies; with cancer = Radiation 0.67; 95% Cl: (0.46,0.97), /day for + 6 — 12 GT intake and cancer risk.
(consisting of =  Chemotherapy p<0.05 months
case-control
studies and
cohort studies)
Yuetal., China Prospective 27,702 20-70 Male and female =  Surgery OR for protection against cancer= | 23 cup BT or GT | BT and GT intake did nothave a
(2014) studies with cancer = Radiation Cl 1.18; 95% Cl: (1.05,1.32), P > | /dayfor+6—12 protective effect.
=  Chemotherapy 0.05 months
=
Tangetal ., Japan Cohort studies 240, 637 20-70 M_ale and female =  Surgery OR for all-cause mortality = 2 1-2 cup BT or GT was inversely associated with
(2015) with cancer —  Radiation 0.93; 95% Cl- (0.82,1.06), P<0. GT /day for + 6 — aII—ca_luse mortality, v_vhereaz_a BT
12 months was inversely associated with all
= Chemotherapy i cancer and all-cause mortality.
Pistersetal., | Japan Cohort studies 49 27 -77 Male and female OR for green tea safety/adverse 1.0 g/m2 GTE for Oral GTE at the doses studied was
(2001) with cancer =  Surgery events = + 6 — 12 months taken safely for at 6 months.
= Radiation 1.06; 95% Cl: (0.98,1.15)
=  Chemotherapy (27 to 8 cups of
GTE /day)
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Imaietal ., Japan Cohort studies | 8,552 240 Male andfemale | =  Surgery OR for cancer prevention = 210 cups GT GT intake had a preventative
6 (1997) with cancer = Radiation 0.63; 95% Cl: (0.36,1.05) /day for+ 6 —12 effect.
=  Chemotherapy months
Schulze etal | Western Observational 59, 311 225 Male andfemale | =  Surgery OR for protection againstcancer= | 25cups GT/day | GT intake did not have a protective
7 - (2017) (Europe studies; with cancer =  Radiation 0.74; 95% Cl: (0.6,0.93) for + 6 — 12 effect.
and USA) (consisting of =  Chemotherapy months
and Asian case-control
countries studies and
cohort studies)
Johnson etal | Ireland Observational 216 20-70 Male and female =  Surgery OR for cancer risk = 3-5cups GT The evidence for GT and cancer
8 ., (2012) studies; with cancer = Radiation 0.7;95% Cl: (0.55,0.85) /day for+ 6 — 12 risk is inadequate and
(consisting of =  Chemotherapy months inconclusive.
case-control
studies and (=250 mg /day of
cohort studies) catechins)
9 Liuetal., Japan Epidemiology 547,204 20-70 Male and female OR for protection against cancer = 3-9 cups GT . .
(2008) studies with cancer o ey 0.51; 95% Cl: (0.3,0.86) eyraeoqz | SUEEs Sienes peEeie dits
= Radiation TR of GT on GIT breast, lung and
=  Chemotherapy prostate cancer. However, these
findings have not been confirmed
by other studies covered in this
review.
Nakachietal | Japan Cohort studies 8552 20-70 Male and female = Surgery L 210 cups GT A significant delay in cancer onset
10 ., (2000) with cancer —  Radiation OR f'or cimcer preventionis /day for+6—12 was associated with increased
=  Chemotherapy 0.72; 95% CI: (0.6,1.04) months consumption of GT.
Nagano et al Japan Prospective 38,540 52 -56 Male and female =  Surgery OR for cancer risk = 2 -4 cups GT GT intake was not related to
11 ., (2001) studies with cancer " 1;95% ClI: (0.91,1.1) /day for+6—12 reduced cancer risk.
= Radiation
months
=  Chemotherapy
Kuriyama et Japan Cohort studies 40,530 40-79 Male and female =  Surgery OR for all-cause mortality = 1-2cups GT GT intake was not associated with
12 al ., (2006) with cancer —  Radiation 0.93; 95% Cl: (0.83,1.05) /day for+6—12 reduced cancer mortality.
=  Chemotherapy months
Filippini et al Western Case - Control 1795 20-70 Male and female OR for cancer risk = 4 -7 cups GT Limited evidence for the beneficial
13 ., (2020) and Asian + Cohort with cancer =  Surgery 0.5;95% Cl: (0.18,1.36) /day for+6—12 effect of green tea consumption on
countries studies = Radiation months the overall risk of cancer.
=  Chemotherapy
Leetal., United Epidemiology 410,309 30 Male and female =  Surgery OR for cancer prevention = 2 5 cups of Intake of a green tea catechin
14 (2018) states studies with cancer —  Radiation 0.83; 95% Cl: (0.65,1.07) EGCG /day for + (GTC) called Epigallocatechin-3-
=  Chemotherapy 6 — 12 months gallate (EGCG),was discovered to

be a suitable adjuvant to potentiate
anti-glioma therapies.
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15

Yuanetal.,
(2011)

China and
Taiwan.

Epidemiology
studies

119

51-57

Male and female
with cancer

=
=
=

Surgery
Radiation
Chemotherapy

OR for protection against cancer =
0.37; 95% Cl: (0.2,0.7)

21 BT or GT
cups/day for + 6 —
12 months

BT and GT intake did not have a
protective effect.

Breast cancer

16

Samavat et al
., (2015)

Minnesota

RCT

937

59 - 60

Female with
breast cancer

=

Surgery
Radiation

Chemotherapy;

doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.

OR for breast cancer risk =
0.91; 95% Cl: (0.84,0.98)

843.0 £44.0
mg/day EGCG or
placebo for 12
months.

GT may reduce breast cancer risk.
GT extract/ EGCG was safe and
well tolerated.

17

Yuetal.,
(2019)

Baltimore

Observational
studies

14,058

32-71

Female with
breast cancer

R

Surgery
Radiation
Chemotherapy;
doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.

OR risk of breast cancer
incidence=

0.57; 95% Cl: (0.33,0.98),
P<.00001, 12=84%

<5 GT cups/day
fort 6 —12
months

GT consumption may have a
decreased incidence of breast
cancer despite significant
heterogeneity.

18

Sunetal .,
(2005)

China and
Japan

Cohort studies

152,731

20-71

Female with
breast cancer and
aBMI< 25
kg/m?2.

T

Surgery
Radiation
Chemotherapy;
doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.

OR for breast cancer risk =
0.83; 95% Cl: (0.72,0.96),
P<.00001

22 GT cups/ day
and 26 BT
cups/day for 6 —
12 months

GT consumption yielded a lower
risk for breast cancer in individuals
with a BMI less than 25 kg/m2. A
modest increase in risk associated
with BT intake.

19

Seelyetal .,
(2005)

China and
Japan

Cohort studies

163,810

20 - 87

Female with
breast cancer

=
=
=

Surgery
Radiation
Chemotherapy;
doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.

OR for breast cancer prevention =
0.91; 95% Cl: (0.84,0.98), p-trend
=0.08

3-8 cups GT
/day for+6—12
months

GT intake had a protective effect.
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Wuetal ., United Case - 501 40 -64 Female with =  Surgery ) ) <5 GT cups/day GT intake had a protective effect.
20 (2003) sates Control breast cancer —  Radiation CO;Zc;rr[irotectlon against breast for+6—12
Studies = CliEneliseEmy 0.89; 95% Cl: (0.71,1.1) months
doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.
Samavatetal | Chinaand RCT 1,075 50 - 55 Female with = Surgery OR’ L 4 GTE capsules GT intake might have a chemo-
21 . (2017) Japan breast cancer = Radiation R or bzeast.cancer preventongs containing 1,315 preventive effect. However, further
= Chemotherapy; 0:95:195%|CI{(0:29;3:1) mg total investigation of the potential
doxorubicin, catechins, chemo preventive effect of green
paclitaxel and including 843 mg tea intake on breast cancer risk in
docetaxel, 5- EGCG for 12 younger women is warranted.
fluorouracil or months
capecitabine.
Cyclophosphamide,
and carboplatin.
Lazzeroni et Europe RCT 12 50 Female with =  Surgery L Greenselect Oral GSP increases bioavailability
22 al ., (2017) breast cancer —  Radiation OR f'or bzeast.cancer prevention = Phytosome of EGCG, which is detectable in
= Chemotherapy; 0.68; 95% CI: (0.39,1.21) (GSP) 300 mg, breast tumor tissue and is
doxorubicin, equivalentto 44.9 | associated with preventative
paclitaxel and mg of EGCG, effects on breast cancer tissue.
docetaxel, 5- daily for 4 weeks
fluorouracil or prior to surgery.
capecitabine.
Cyclophosphamide,
and carboplatin.
Dostal etal ., Minnesota RCT 1075 59 - 60 Female with = Surgery 843.0 £44.0 GT intake had mild and transient
23 (2015) breast cancer = Radiation mg/day EGCG or | adverse events. However, 6.7% of
= Chemotherapy; eovr\;rict); g=reen e s vese placebo for 12 GTE consumers exoperiencgd A!_T
doxqrubmm, 0.66: 95% CI: (0.3,1.44) months. elevations, with _1 .3% experiencing
paclitaxel and ALT-related serious adverse
docetaxel, 5- effects
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.
Crewetal ., Columbia RCT 40 39 - 65 Female with =  Surgery 400, 600 or 800 Poly E showed potential
(2015) University, stage I-Il HR- = Radiation OR for breast cancer prevention = mg of oral green preventative mechanistic actions in
24 New York negative breast = Chemotherapy; 0.61; 95% Cl: (0.36,1.06) tea extract, growth factor signalling,
cancer doxorubicin, Polyphenon E angiogenesis and lipid metabolism

paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.

(Poly E) for 6
months.

(= 8to 24 cups of
GT/day)

in stage |-1ll HR-negative breast
cancer.
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Inoue et al ., Japan Epidemiology 1160 20-87 Female with =  Surgery 23 GT cups/ day GT intake may be preventive
25 | (2001) studies stage | breast = Radiation for+6—12 against recurrence of breast
cancer = Chemotherapy; OR for breast cancer prevention = months cancer in early stage cases
doxorubicin, 0.69; 95% ClI: (0.47,1)
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin.
Nakachietal | Japan RCT 472 20-87 Female with =  Surgery OR for breast cancer prevention = <4 GT cups/day Increased GT intake prior to
26 | ., (1998) stage|-llbreast | —  Radiation 0.43; 95% Cl: (0.22,0.84), p<0.05 | or=5 GT cups/ clinical cancer onset was
cancer = Chemotherapy; for crude disease-free survival day for + 6 — 12 significantly associated with
doxorubicin, months improved prognosis of stage | - Il
paclitaxel and breast cancer. Additionally,
docetaxel, 5- increased consumption of green
fluorouracil or tea was correlated with decreased
capecitabine. recurrence of stage | and Il breast
Cyclophosphamide, cancer (p < 0.05 for crude
and carboplatin. disease-free survival); the
recurrence rate was 16.7 or
24.3%.
Suzukietal ., Japan Prospective 24 769 40 - 64 Female with =  Surgery OR for breast cancer risk =0.56; <40r25GT GT intake was not associated with
27 (2004) studies breast cancer = Radiation 95% Cl: (0.35,0.91) cups/ day for + 6 a lower risk of breast cancer.
= Chemotherapy; — 12 months
doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin
Lietal., Hong Kong | Case- 756 20 -50 Female with = Surgery OR f s 21 GT cups/ day GT intake was not associated with
28 (2016) Control breast cancer —  Radiation R 'or bzeast.cancer risk = for + 6 months overall breast cancer risk, which
studies = Chemotherapy; 0.33; 95% CI: (0.11,1.03) may be masked by the differential

doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and

carboplatin

effect in pre- and post-menopausal
women.
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Zhangetal ., United Cohort studies 50,884 20 - 50 Female with =  Surgery OR for breast cancer risk = 25 GT or BT GT and BT intake was associated
29 (2020) states and breast cancer =  Radiation 0.62; 95% ClI: (0.4,0.97), p-trend cups/ day for + 6 with reduced breast cancer risk
P_uerto = Chemotherapy; <0.01 — 12 months
Rico doxorubicin,
paclitaxel and
docetaxel, 5-
fluorouracil or
capecitabine.
Cyclophosphamide,
and carboplatin
Braaletal ., Europe RCT 14 22-178 Female with = Surger.y OR for breast cancer prevention = Tamoxifen ) This study demonstrated_the_
30 (2020) breast cancer —  Radiation - 0 X monotherapy in absence of a pharmacokinetic
0.88; 95% ClI: (0.78,1) R . ; )
= Chemotherapy; combination with interaction between green tea
tamoxifen GT supplements supplements and tamoxifen.
(1 g twice daily; Therefore, the use of green tea by
containing 300 patients with tamoxifen could be
mg EGCG) for 14 encouraged.
days (or vice
versa).
Prostate cancer
Henning etal | UCLA, Los RCT 93 61 —62 Male with : OR for protection against prostate 6 GT or BT cups/ GT-induced protective changes in
= Hormonal treatment; _ . .
31 ., (2014) Angeles prostate cancer o o— cancer = day for + 6 — 12 NFkB and systemic oxidation, and
oger 1.2;95% Cl: (7.31,0.5) months uptake of GT polyphenols in
deprivation therapy .
. prostate tissue
= Radiation
= Chemotherapy;
docetaxel and
cabazitaxel
Guoetal ., Europe, Observational 96,332 235 Male with : OR for prostate cancer prevention 27 GT or BT GT intake linearly reduced PCa
P = Hormonal treatment; _ - .
32 (2017) North Studies; prostate cancer o o— = cups/ day for + 6 risk and green tea catechins were
America, (consisting of oger 1.17;95% ClI: (0.67,2.05), P=0.02 — 12 months effective for preventing PCa.
. deprivation therapy
Africa and case-control Radiati
Asia studies and e c ShlEleln .
cohort studies) = hemotherapy;
docetaxel and
cabazitaxel
Kumaretal., | University Observational 34 61- 62 Male with = Hormonal treatment; OR for chemoprevention/ 843 mg of EGCG EGCG intake had
33 (2022) of South studies; prostate cancer androgen protection ageist prostate cancer= | +3 weeks —36 chemoprevention and
Florida, FL (consisting of deprivation therapy 0.75; 95% Cl: (0.53,1.07) months chemoprotective effects.
(USF) case-control —  Radiation
studies and = Chemotherapy;
cohort studies) docetaxel and
cabazitaxel
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Bailey et al ., Japan and Epidemiology 90,000 235 Male with = Hormonal treatment; OR for prostate cancer risk = <1 GT cup/day, 1 GT intake had a reduced risk of
34 (2013) China studies prostate cancer androgen 0.977; 95% ClI: (0.8,1.19) to 2 GT cups/day, prostate cancer.
deprivation therapy up to>5GT
= Radiation cups/day for £ 6 —
= Chemotherapy; 12 months
docetaxel and
cabazitaxel
Choanetal., | Japanand RCT 19 <65 Male with = Hormonal treatment; OR for prostate cancer prevention GT extract GT as alternative complementary
35 (2005) China hormone androgen = capsules at 250 (CAM) therapy, was found to have
refractory deprivation therapy 0.7;95% Cl: (0.5,1) mg twice daily £2 | minimal preventative clinical
prostate cancer —  Radiation months activity against hormone refractory
= Chemotherapy; prostate cancer.
docetaxel and
cabazitaxel
Montague et Singapore Cohort studies 298 >18 Male with = Hormonal treatment; 21GTorBT GT intake does not protect against
36 al ., (2012) and China prostate cancer androgen OR for protection against prostate cups/ day for + 6 prostate cancer and BT intake may
deprivation therapy cancer = — 12 months increase prostate cancer risk.
= Radiation 0.87;95% ClI: (0.59,1.28)
= Chemotherapy;
docetaxel and
cabazitaxel
Kikuchi et al Japan Cohort studies 9561 <65 Male with = Hormonal treatment; . 25 GT cups/ day GT intake was not associated with
37 ., (2006) prostate cancer androgen OR; for Prostate cancer risk =1.08; for+ 6 —12 prostate cancer risk.
deprivation therapy 95% Cl: (0.79,1.47) months
= Radiation
= Chemotherapy;
docetaxel and
cabazitaxel
Berroukche Western Case - 160 50-74 Male with = el ek OR for prostate cancer risk = 0.85; 21 GT cups/ day GT intake was negatively
38 etal ., Algeria Control prostate cancer d ! 95% Cl: (0.5,1.43) for+ 6 —12 associated with prostate cancer
(2012) studies Zn rogen months risk.
eprivation therapy
= Radiation
= Chemotherapy;
docetaxel and
cabazitaxel
Jianetal ., Southeast Case - 130 240 Male with = Hormonal treatment; OR for protection against prostate 23 GT cups/ day GT intake had a protective effect
39 (2003) China Control prostate cancer androgen cancer = fort 6 —12
studies deprivation therapy 0.6;95% Cl: (0.3,1.1) months
= Radiation
= Chemotherapy;
docetaxel and
cabazitaxel
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Kurahashi et Japan Prospective 49,920 40 — 69 Male with 25 GT cups/ day GT intake was not associated with
40 al ., (2008) studies advanced stage = Hormonal treatment; OR for prostate cancer risk = 0.59; for+6-12 prostate cancer risk. However, GT
prostate cancer androgen 95% Cl: (0.4,0.87) months consumption was associated with
deprivation therapy a dose-dependent decrease in the
—  Radiation risk of advanced prostate cancer.
= Chemotherapy;
docetaxel and
cabazitaxel
Bettuzzi et al Europe RCT 60 240 Male with OR for prostate cancer 600 mg/day of Study data suggest that up to 90%
41 ., (2006) prostate cancer T T e —— chemoprevention = GTC for+6—12 of chemo-prevention efficacy can
’ 0.52; 95% ClI: (0.28,0.96) months be obtained by green tea catechin
androgen . :
Y (GTC) intake in men prone to
deprivation therapy
L develop CaP.
= Radiation 5 £
= Chemotherapy; EB_T%C%)SH'%O
docetaxel and s/day)
cabazitaxel
Kumaretal ., United RCT 97 240 Male with OR for prostate cancer prevention 400 mg EGCG GT intake was well tolerated but
42 (2015) states prostate cancer T T e —— = perday for 12 did not reduce the likelihood of
androgen ! 0.85; 95% Cl: (0.43,1.66), P = months prostate cancer in men with
Y 0.25. baseline HGPIN or ASAP.
deprivation therapy
= Radiation
= Chemotherapy;
docetaxel and
cabazitaxel
Bladder cancer
Wang et al ., Asia Case -Control 532,949 240 Male and female OR for bladder cancer protection = 100 ml/day of GT GT intake may have a protective
43 (2012) + Cohort with bladder =  Chemotherapy; 0.87; 95% Cl: for+ 6 —12 effect on bladder cancer in Asian
studies cancer = cisplatin-based (0.09,1.66), P=0.014 months people.
Immunotherapy
Yasuda et al Japan and RCT 360 =40 Male and female =  Chemotherapy; OR for bladder cancer prevention <1 GT cup/day or GT intake suppressed urinary tract
44 ., (2018) China with bladder = cisplatin-based = 1- 4 GT cup/day recurrence and the risks of up-
cancer Immunotherapy 0.86; 95% Cl: (0.77,0.97) or >5 GT cup/day grading and up-staging by
fort 6 —12 recurrence in never smokers.
months
Liver cancer
Luoetal., Japan and RCT 124 240 Male and female =  Surgery 500 mg GTP / Green tea polyphenol (GTP) intake
45 (2006) China with Liver cancer | = Chemotherapy; OR for liver cancer prevention = day or 1000 mg had a chemo preventative effect.
doxorubicin 0.33; 95% ClI: (0.11,1.03) GTP/day for 3
months

= Multikinase inhibitor;

sorafenib
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Lung Cancer

Wang et al ., Japan and Observational 59,041 =40 Male and female =  Surgery OR for lung cancer risk = 23 GTorBT GT and BT intake were
46 (2014) China studies; with Lung cancer —  Radiation 0.84;95% Cl: (0.75,0.95), cups/ day for + 36 significantly associated with
(consisting of = Chemotherapy; p<0.01 months reduced lung cancer risk.
case-control cisplatin or
studies and carboplatin.
cohort studies)
Garland et al University RCT 99 240 Male and female =  Surgery Poly E capsule Poly E intake in former smokers
47 ., (2006) of Arizona, with Lung cancer —  Radiation OR for g_;reen .teaosafe.ty/adverse containing 200 with at least a moderate smoking
Tucson, = Chemotherapy; events = 0.78; 95% Cl: (0.87,0.87) mg /day of EGCG history and FEV1 £70% is effective
Arizona cisplatin or for 6 months and safe.
carboplatin
Laurie etal ., University RCT 17 =40 Male and female =  Surgery ORI I Nl = 39/ m2GTE per GTE has limited activity as a
48 (2005) of Ottawa with Lung cancer —  Radiation 0.86: 950/9C|_ © 77p0 96) - day for 4 — 16 cytotoxic agent, and further study
= Chemotherapy; s ® ol (Balf etk weeks of GTE as a single-agent in
cisplatin or advanced malignancies is
carboplatin. warranted.
Fritzetal ., Toronto, Observational 21 57 -63 Male and female =  Surgery OR for lung cancer prevention = 3-4.2 g/m? GTE Insufficient evidence to support GT
49 (2012) Canada studies; with Lung cancer —  Radiation 0.96: 950/9C|_ (0.5 1p86) - perday for+4 — intake as a preventative agent for
(consisting of = Chemotherapy; e ® AE (S e 6 months lung cancer. GT should not be
case-control cisplatin or used by patients on bortezomib
studies and carboplatin. (27 to 8 cups (of therapy
cohort studies) GT / 3 times
daily)
Shimetal ., Shanghai, RCT 52 20 - 52 Male, smoker, =  Surgery 2-3 GT cups/day Sister chromatid exchange
50 (1995) China with Lung cancer —  Radiation for 6 months (SCE) frequencies are elevated in
= Chemotherapy; OR for chemoprotection against patients receiving chemotherapy
cisplatin or lung cancer = for lung cancer. GT intake had
carboplatin. 0.95; 95% ClI: (0.45,1.99) chemoprotective effects by
blocking the increase in SCE
frequency.
Zhongetal., | Shanghai, Case - 675 20 -50 Female withLung | =  Surgery OR for lung cancer risk = 2 GT cups/day GT intake was associated with a
51 (2001) China Control cancer = Radiation 0.78; 95% Cl: (0.44,1.37) for+6—12 reduced risk of lung cancer
studies = Chemotherapy; months
cisplatin or
carboplatin.
Hakim et al ., North RCT 143 20 - 50 Male and female, =  Surgery 41-49 GT GT intake has been associated
52 (2003) America smoker, with = Radiation OR for lung cancer prevention = cups/day for 4 with decreased occurrence of
Lung cancer = Chemotherapy; 0.65; 95% CI: (0.45,0.93) months cancer
cisplatin or
carboplatin.
Wang et al ., Western Case -Control 59,041 20-50 Male and female, s OR for protection against lung 21 GTor BT GT but not BT intake may offer
53 (2014) countries + Cohort with Lung cancer = urgery cancer = cups/ day for + 6 some protection against lung
and Japan studies = [RenlEien 0.66; 95% Cl: (0.31,.44),p < 0. 01 — 12 months cancer.
and China = Chemot_herapy;
cisplatin or
carboplatin.
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Colorectal cancer

54

Ettrich et al .,
(2015)

Germany

RCT

918

50 — 80

Male and female
with colorectal
cancer

=  Surgery

= FOLFOX
chemotherapy;
Folinic acid,
fluorouracil and
oxaliplatin

= Novel target-oriented
drugs; as cetuximab,
bevacizumab

OR for colorectal cancer
prevention =
0.78; 95% ClI: (0.7,0.87)

300 mg
EGCG/day for 36
months

EGCG intake was well tolerated
and had a preventive effect on
colorectal adenomas in the large
bowel.

55

Fakhrietal .,
(2022)

Asia and
the United
States,

Observational
studies;
(consisting of
case-control
studies and
cohort studies)

44,992

19-80

Male and female
with colorectal
cancer

Surgery

FOLFOX
chemotherapy;
Folinic acid,
fluorouracil and
oxaliplatin

= Novel target-oriented
drugs; as cetuximab,
bevacizumab

iy

OR for colorectal cancer risk =
0.87; 95% Cl: (0.59,1.28),
p < 0.0001

21 GT cup/day +
6 — 12 months

GT intake reduced colon cancer
risk, while it had the minimum
influence on CRC.
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Guanetal .,
(2023)

Germany,
Asia and
the United
States,

Observational
studies;
(consisting of
case-control
studies and
cohort studies)

2864

19 -85

Male and female
with colorectal
cancer

Surgery

FOLFOX
chemotherapy;
Folinic acid,
fluorouracil and
oxaliplatin

= Novel target-oriented
drugs; as cetuximab,
bevacizumab

03

OR for colorectal cancer
prevention =

0.82; 95% Cl: (0.69,0.98), P =
0.454)

21 GT cup/day +
6 — 12 months

GT intake had a preventive effect
on colorectal adenomas.
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Suzukietal .,
(2005)

Japan

Cohort studies

65,915

50 - 57

Male and female
with colorectal
cancer

Surgery

FOLFOX
chemotherapy;
Folinic acid,
fluorouracil and
oxaliplatin

= Novel target-oriented
drugs; as cetuximab,
bevacizumab

03

OR for colorectal cancer risk =
0.81; 95% Cl: (0.66,0.98)

25 GT cup/day +
6 — 12 months

GT intake was not associated with
a lower risk of colorectal cancer.

58

Sunetal .,
(2007)

China

Cohort studies

845

40-74

Male with
colorectal cancer

Surgery

FOLFOX
chemotherapy;
Folinic acid,
fluorouracil and
oxaliplatin

= Novel target-oriented
drugs; as cetuximab,
bevacizumab

03

OR for colorectal cancer risk =
1.06; 95% ClI: (0.74,1.52), p-
trend<0.01

250 g/day of GT
or BT for + 48
months

GT colorectal cancer association
was mainly found in advanced
disease while BT intake was not
associated with risk of colorectal
cancer.
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Yangetal ., Nasbhville, Cohort studies 69,710 51 Female with =  Surgery L 50 - 150 g/day of Regular GT intake may reduce
59 (2007) Tennessee colorectal cancer = FOLFOX OR for colorectal cancer risk = GT for+ 6 Colorectal cancer risk in women
0.76; 95% Cl: (0.47,1.21)
chemotherapy; months
Folinic acid,
fluorouracil and
oxaliplatin
= Novel target-oriented
drugs; as cetuximab,
bevacizumab
Ovarian, endometrial and cervical cancer
Bakeretal ., United Observational 1282 30-55 Female with —  Surgical staging & OR for ovarian cancer risk = 22 GT cup/day BT intake was associated with a
60 (2007) states studies ovarian cancer gicaistaging 0.63; 95% CI: (0.45,0.88) for£6—12 30% decline in ovarian cancer risk.
operative tumour
. months
debulking
= Six cycles of
chemotherapy;
carboplatin and
paclitaxel
Zhengetal ., North Observational 20,980 30-55 Female with = Surgical staging & OR for morbidity= 1.40t0 3.12 GT GT, BT and WT had no significant
61 (2023) America, studies; ovarian, operative tumour 0.7: 95% Cl: OyS‘l 0.97) b =0.109 or BT or WT correlation to morbidity of
Europe and | (consisting of endometrium, debulking o GICI(0:511,0:97) R IO cups/day for+ 6 — | gynaecologic tumours in different
Asia case-control and cervical =  Six cycles of 12 months sites (ovary, endometrium, and
studies and cancer chemotherapy; cervix)
cohort studies) carboplatin and
paclitaxel
Zhengetal ., lowa Cohort study 35, 369 40-76 Female, = Surgical staging & 22 WT cup/day WT intake was related to a slight,
62 (1996) postmenopausal operative tumour OR for prevention/protection for £ 96 months but not statistically significant,
with ovarian, debulking a ainstF:)varian en%ometrium and reduced incidence of all cancers
endometrium, =  Six cycles of cgrvical cancer’= ’ combined. WT may protect against
and cervical chemotherapy; 1: 95% CI- (0.96,1.04) ovarian, endometrium, and
cancer carboplatin and g OB Byl cervical cancer
paclitaxel
Larsson etal | Sweden Observational 61057 40-76 Female with = Surgical staging & OR for ovarian cancer risk = 1-2 BT cup/day + | BT intake was inversely
63 ., (2005) study; ovarian cancer operative tumour 0.77; 95% Cl: (0.64,0.91) 18 months associated with the risk of ovarian
(consisting of debulking cancer. GT and BT consumption
case-control =  Six cycles of was associated with reduced
studies and chemotherapy; mortality due to all causes but not
cohort studies) carboplatin and with reduced mortality due to
paclitaxel cancer.
Steevens et Netherland Observational 2589 46 - 55 Female with = Surgical staging & OR for ovarian cancer risk = 26 BT cup/day BT intake was inversely, but not
64 al ., (2007) s study; ovarian cancer operative tumour 0.94; 95% Cl: (0.88,1.01). p=0.12 for 12 months statistically significantly,
(consisting of debulking associated with ovarian cancer
case-control =  Six cycles of risk.
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
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Cassidy etal | United Observational 171 940 30-55 Female with Surgical staging & OR for ovarian cancer risk = >1and <1BT BT intake may be associated with
65 ., (2014) states study; ovarian cancer operative tumour 0.94; 95% ClI: (0.81,1) cup /day for 48 a lower risk of ovarian cancer.
(consisting of debulking months
case-control Six cycles of
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
Shimazu etal | Japan Observational 53,724 40 -69 Female with Surgical staging & 1-20r23 GT GT intake was not significantly
66 ., (2008) study; endometrial operative tumour OR for endometrial cancer risk = cups/day for + 18 associated with a reduced risk of
(consisting of cancer debulking 0.76; 95% Cl: (0.59,0.98) months endometrial cancer.
case-control Six cycles of
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
Uccella et al lowa Observational 23,356 55 - 69 Female with Surgical staging & OR for endometrial cancer risk = 24 WT cup/day WT was not associated with stage
67 ., (2013) study; stage Il operative tumour 0.8: 95% CI: (0.74,0.86) for £ 12 months Il endometrial cancer risk.
(consisting of endometrial debulking -8; o Cl: (0.74,0.
case-control cancer Six cycles of
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
Weiderpass Sweden Observational 42,270 46 - 58 Female with Surgical staging & OR for endometrial cancer risk = 1-2 BT cups/day BT was not associated with
68 etal ., study; endometrial operative tumour 0.65; 95% CI: (0.47,0.89) for £ 36 months endometrial cancer risk among
(2014) (consisting of cancer debulking middle-aged women.
case-control Six cycles of
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
Paul etal ., China Observational 30,744 20 - 50 Female with Surgical staging & OR for protection against cervical 21GTor BT GT and BT intake contributed to a
69 (2019) study; cervical cancer operative tumour cancer = cup/day for + 6 — protective effect against cervical
(consisting of debulking 1;95% Cl: (0.98,1.02) 12 months cancer development. BT intake
case-control Six cycles of was not associated with cervical
studies and chemotherapy; cancer risk.
cohort studies) carboplatin and
paclitaxel
Gates, etal., | Harvard Observational 66,940 30-55 Female with Surgical staging & OR for ovarian cancer risk= 21 WT cup/day WT flavonoids may reduce ovarian
70 (2007) Medical study; ovarian cancer operative tumour 0.97; 95% Cl: (0.76,1.22) for £ 60 months cancer risk, although additional
School, (consisting of debulking prospective studies are needed to
Boston case-control Six cycles of further evaluate this association.
studies and chemotherapy;
cohort studies) carboplatin and
paclitaxel
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Trudel etal ., Europe RCT 16 =30 Female with Surgical staging & OR for ovarian cancer prevention 500 mL/day of Double-brewed green tea (DBGT)
71 (2013) ovarian cancer operative tumour = DBGT) for+ 18 supplementation does not appear
debulking 0.75;95% Cl: (0.51,1.09) months to be a promising maintenance
Six cycles of intervention in women with
chemotherapy; advanced stage ovarian cancer.
carboplatin and
paclitaxel
Zhanetal ., China Epidemiology 701,857 230 Female with Surgical staging & OR for protection against ovarian 21 GT cup/day GT intake had a significant
72 (2017) studies ovarian cancer operative tumour cancer = for £ 60 months protective effect against ovarian
debulking 0.84; 95% CI: (0.57,1.24), p > 0.01 cancer
Six cycles of
chemotherapy;
carboplatin and
paclitaxel
Gaoetal ., Shanghai, Case - 995 30-69 Female with Surgical staging & >7and <7 BT GT intake had a weak butinverse
73 (2005) China Control endometrial operative tumour OR for endometrial cancer risk= cup / week for + association with endometrial
studies cancer debulking 0.86; 95% ClI: (0.76,0.96) 60 months cancer risk. This protective effect
Six cycles of was limited to premenopausal
chemotherapy; women.
carboplatin and
paclitaxel
Zhangetal ., Hangzhou, Cohort studies 254 =30 Female with Surgical staging & OR for overall survival = 21 GT cup/day Increased GT intake may enhance
74 (2004) China ovarian cancer operative tumour . . for £ 36 months epithelial ovarian cancer survival.
) 0.74;95% Cl: (0.54,1.01)
debulking
Six cycles of
chemotherapy;
carboplatin and
paclitaxel
Leeetal ., China Case - 254 2 30 Female with Surgical staging & OR for ovarian cancer risk= 21GTorOT Increased GT intake reduced the
75 (2013) Control ovarian cancer operative tumour 0.55; 95% Cl: (0.34,0.9) cup/day for + 12 risk of ovarian cancer. However,
studies debulking months the protective effects of OT need
Six cycles of to be further investigated.
chemotherapy;
carboplatin and
paclitaxel
Non - Hodgkin lymphoma
Mirtavoos — Tehran Observational 315,972 30-75 Male and female Radiati OR for Non — Hodgkin’s lymphoma 21 GTor BT GT intake may be associated with
; N N . adiation . .
76 Mahyari et al studies; with ovarian —  Chemotherapy: cancer risk= cup/day for + 12 reduced risk of NHL
., (2019) (consisting of cancer Non — erapy; 1.2;95% Cl: (0.65,2.22), p < 0.05 months
case-control Hodgkin’s dc_)xor_ublgln— Tk
. with rituximab or
studies and lymphoma

cohort studies)

rituximab alone
Immunotherapy, or
radioimmunotherapy
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Gastric cancer

7

Hoshiyama et
al ., (2002)

Japan

Cohort studies

73,851

Male and female
with gastric
cancer

=
=
=

Surgery
Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

OR for gastric cancer risk=
1.21;95% ClI: (0.97,1.5)

25 GT cup/day
for + 36 months

GT intake had no association with
the risk of gastric cancer.

78

Sasazuki et
al ., (2004)

Japan

Cohort studies

892

Male and female
with gastric
cancer

R

Surgery
Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

OR for gastric cancer risk=
1.6;95% CI: (0.9,2.9)

25 GT cup/day
for + 36 months

While no association between GT
intake and gastric cancer was
observed among men, a
decreased risk of gastric cancer
was observed among women.

79

Yoshitaka
Tsubono et al
., (2001)

Japan

Cohort studies

26 311

Male and female
with gastric
cancer

LUy

Surgery
Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

OR for gastric cancer risk=
0.51; 95% Cl: (0.3,0.86)

25 GT cup/day
for + 36 months

GT intake had no association with
the risk of gastric cancer.

80

Yuetal.,
(1998)

Japan

Epidemiology
studies

1231

20-75

Male and female
with gastric and
intestinal cancer

R

Surgery
Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

OR for gastric cancer prevention=
1.1; 95% CI: (0.8,1.6)

25 GT cup/day
for + 60 months

GT intake did not play a role in the
prevention of stomach and
intestinal cancer.

81

Hoshiyama et
al ., (2004)

Japan

Case -
Control
studies

157

40-79

Male and female
with gastric
cancer

LUl

Surgery
Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

OR for gastric cancer risk=
0.51; 95% Cl: (0.29,0.91)

210 GT cup/day
for £ 60 months

GT intake had no association with
the risk of gastric cancer.
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Yuetal., Shanghai, Case - 711 18 -80 Male and female =  Surgery OR for gastric cancer risk= 21 GT cup/day GT intake was associated with a
82 (1995) China Control with gastric Radiati 1.3;95% CI: (0.6,2.8) for + 48 months lower risk of stomach cancer.
studies cancer = adiation
= Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel
Huangetal., | China Observational 6627 18 -80 Male and female =  Surgery OR for gastric cancer risk= 26 GT cup/day GT intake had a preventive effect
83 (2017) studies; with gastric —  Radiation 0.71; 95% ClI: (0.54,0.93), P=0-286 for £ 60 months on reducing the risk of gastric
(consisting of cancer = Chemotherapy; cancer, particularly for long-term
case-control cisplatin, and high-dose consumption.
studies and fluoropyrimidine
cohort studies) based, ramucirumab
combined with
paclitaxel
Wang et al ., China Case - 160 18 — 80 Male and female =  Surgery OR for gastric cancer risk= 235 g/week of GT | GT intake, including regular
84 | (2015) Control with gastric =  Radiation 1.05; 95% Cl: (0.9,1.21) for + 60 months drinking, larger amount of
studies cancer = Chemotherapy; consumption, lower temperature
cisplatin, and longer interval were strongly
fluoropyrimidine associated with a lower risk of
based, ramucirumab stomach cancer.
combined with
paclitaxel
Nechuta etal | Shanghai, Cohort studies 69,310 30-80 Male and female =  Surgery OR for gastric cancer risk= 2-3 GT cup/day GT intake was associated with
85 ., (2012) China with gastric and —  Radiation 0.72; 95% Cl: (0.32,0.98) for + 6 months reduced risk of colorectal and
oesophageal = Chemotherapy; stomach/oesophageal cancers in
cancer cisplatin, Chinese women.
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel
Mao etal ., China Case- 200 52 — 62 Male andfemale | =  Surgery OR for gastric cancer risk= 22 GT cup/day Low temperature GT intake
86 (2011) Control with gastric —  Radiation 0.86; 95% Cl: (0.74,0.98) for £ 12 months showed a protective effect on
studies cancer = Chemotherapy; gastric cancer, while a heavy risk
cisplatin, of gastric cancer was found in high
fluoropyrimidine temperature GT intake.
based, ramucirumab
combined with
paclitaxel
Pancreatic cancer
Zengetal ., China and Case -Control 288 209 18 - 80 Male and female = Surgery OR for pancreatic cancer risk= 22-5GT GT intake had no association with
87 (2014) Japan + Prospective with pancreatic = Chemoradiation with 1.82;95% Cl: (1.03,3.52), P = cup/day for + 6 — the risk of pancreatic cancer
studies cancer fluorouracil 0.04, 12 months
= Chemotherapy;
gemcitabine
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Chenetal., China Case -Control 859, 783 60 Male andfemale | =  Surgery OR for pancreatic cancer risk= 22 GT cup/day Increased GT intake can reduce
88 (2014) + Cohort with pancreatic = Chemoradiation with | 0.95;95% CI: (0.85,1.06), P=0.922 | for £ 24 months the risk of pancreatic cancer.
studies cancer fluorouracil
= Chemotherapy;
gemcitabine
Luoetal ., Japan Cohort studies 233 35-79 Male and female =  Surgery 2 3 GT cup/day GT intake did not have a
89 (2007) with pancreatic = Chemoradiation with OR for pancreatic cancer risk= for + 132 months substantial impact on pancreatic
cancer fluorouracil 0.99; 95% CI: (0.89,1.11) cancer risk.
= Chemotherapy;
gemcitabine
Jietal., Shanghai, Cohort studies 2266 30-79 Male and female =  Surgery OR for colorectal and pancreatic 2300 g/month of GT intake may lower the risk of
90 (1997) China with pancreatic — Chemoradiation with cancer risk= GT £ 36 months colorectal and pancreatic cancers.
cancer fluorouracil 0.99; 95% ClI: (0.73,1 .25)
= Chemotherapy;
gemcitabine
Wang et al ., Shanghai, Case - 908 35-79 Male and female =  Surgery OR for pancreatic cancer risk= 225.2+83.3g GT intake, including regular
91 (2012) China Control with pancreatic = Chemoradiation with 0.77; 95% Cl: (0.6,0.99) /month of GT £ drinking, amount of consumption,
studies cancer fluorouracil 60 months persistence of the habit, and tea
= Chemotherapy; temperature, may lower the risk of
gemcitabine pancreatic cancers.
Various other types of cancer
Chenetal ., China Observational 2803 35-79 Male and female =  Surgery OR for laryngeal cancer risk= 21GTorBT GT and BT intake was not
92 (2014) studies; with laryngeal = Radiation 0.68; 95% Cl: (0.48,0.96), P<0.001 | cup/day for 60 associated with risk of laryngeal
(consisting of cancer = Chemotherapy; months carcinoma
case-control cisplatin
studies and = Novel target-oriented
cohort studies) drugs; as cetuximab
and bevacizumab
Tsao etal ., United RCT 39 30-74 Male and female =  Surgery OR for oral cancer prevention= GTE at 500, 750, Higher doses of GTE may improve
93 (2009) States with oral cancer —  Radiation 1.03; 95% Cl: (0.66,1.61) or 1,000 mg/m for short-term oral premalignant
= Chemotherapy; 12 weeks lesions outcome. The present
cisplatin and results support longer-term clinical
fluorouracil testing of GTE for oral cancer
prevention
Ramshankar India RCT 39 40-79 Male and female =  Surgery L Oral GTE dose of Study results support a potential
94 etal ., with oral cancer —  Radiation OR f'or ozal ca.ncer prevention= 1gm/m2 thrice role of GT intake for oral cancer
(2014) = Chemotherapy; 0.65; 95% CI: (0.38,1.1) daily for 6 months | prevention.
cisplatin and
fluorouracil
AmJetal., India RCT 64 35-79 Male and female = Surgery 3.6gand5.4gof | GTintake had chemo preventative
95 (1997). with head and = Radiation OR for head and neck cancer GT per day for 6 effects against head and neck
neck cancer = Chemotherapy; prevention= months cancer
cisplatin and 1.21;95% Cl: (0.94,1.54)
carboplatin
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Ide etal ., Japan Cohort studies 50 221 40-79 Male andfemale | =  Surgery OR for oral cancer risk= 25GTcup/day+ | Noinverse association was found
96 (2007) with oral cancer —  Radiation 0.84;95% Cl: (0.57,1.24) 120 months between GT intake and oral
= Chemotherapy; cancer, although there was a
cisplatin and reduced risk in women.
fluorouracil
Gaoetal ., Shanghai, Case - 1016 30-74 Male and female —  Surge OR for protection against 21 GT cup/day + A protective effect of GT intake on
97 (1994) China Control with oesophageal gery . oesophageal cancer = 36 months oesophageal cancer was observed
studies cancer = Cphaecr;?tc;—xr:ld::]t:jon, 0.51; 95% CI: (0.1,2.68) among women
carboplatin
Muetal ., Taixing, Case - 628 40 - 80 Male and female =  Surgery 21 GT cup/day GT intake had significant
98 (2003) Jiangsu Control gastric, —  Radiation i . . for + 120 months protective effects on the

province, studies oesophagealand | — Chemotherapy; lC_)R for [()jrotectlo: aga||nst GREEIE, development of gastric,

China liver cancer cisplatin, (I)V59-r§5no/ ogzl.sog 33898?3 CNIEIrS oesophageal and liver cancer
doxorubicin, e o Cl: (0.3,0.83) among alcohol drinkers
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel,
carboplatin

= Multikinase inhibitor;
sorafenib
Zhangetal ., China Case - 107 30 - 60 Male and female =  Surgery 24 GT cup/day A reduced risk of leukaemia was
99 (2007) Control with leukaemia —  Radiation OR for leukaemia risk= for 12 months found with longer duration, higher
studies = Chemotherapy; 0.23;95% Cl: (0.1,0.55) quantity, and frequency of GT
Doxorubicin intake
100 | Zhangetal., China Observational 290 18 - 60 Male and female =  Surgery 25GTcup/ week | Postoperative GT intake had a
(2022) studies; with oesophageal | = Chemo-radiation; OR for oesophageal cancer fort3-6 positive effect on delay in clinical
(consisting of squamous cell prevention = months deterioration and improvements in

case-control
studies and
cohort studies)

carcinoma.

paclitaxel and
carboplatin

0.2; 95% Cl: (0.06,0.6)

multiple functions and symptoms
associated with oesophageal
squamous cell carcinoma.

ABBREVIATIONS: Green tea (GT), Green tea extract (GTE), Green tea catechin (GTC),Green tea polyphenol (GTP), Polyphenon E (Poly E), Green select

Phytosome (GSP), Epigallocatechin-3-gallate (EGCG), Double-brewed green tea (DBGT), Black tea (BT), Black tea extract (BTE), White tea (WT), White tea
extract (WTE), Oolong tea (OT) and Oolong tea extract (OTE).

COLOUR KEY: Green tea (green), Black tea (peach), Green & black tea (pink), White tea (purple), Oolong tea (yellow), Green, black & white tea (blue) and
Green & oolong tea (orange).
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The overall success of Camellia sinensis tea exposure on several types of cancers included in this systematic review and meta-analysis are
further summarized in a Narrative summary illustrated in the table below (Table 4.2, page 47).

Table 4.2: Narrative summary of results (including the negative, non-significant or ‘positive’ results) included in this systematic review and meta-
analysis.

Type of cancer Number of studies Region Sample size Cancer staging 5-year survival Standard treatment Intervention Duration of Overall success
treatment
Breast cancer 15 Japan, China, Hong 387,525 Stage | - lll 91% (American =  Surgery GT,EGCG, 28 days +12 (1) GT and (2) BT was
Kong, Minnesota, Cancer Society, =  Radiation Poly E, GSP months chemoprotective with no
Baltimore, USA, 2023). =  Chemotherapy. and BT. association to breast cancer risk
Europe, Porto Rico doxorubicin, paclitaxel while (3) WT and (4) OT had a
and Columbia and docetaxel, 5- limited to no effect on breast
University fluorouracil or cancer,
capecitabine.
Cyclophosphamide, Additionally, increased (1) GT
and carboplatin. intake was correlated with
decreased recurrence of stage |
and Il breast cancer (p < 0.05 for
crude disease-free survival).
Prostate cancer 12 Europe, North 237,143 Stage | - IV 97% (American =  Hormonal treatment; GT, EGCG, 3 weeks + 36 (1) GT intake reduced PCa risk,
(PCa) America, UCLA, Cancer Society, androgen deprivation GTC and BT. months GTC were effective for preventing
UCSF, Africa and 2024). therapy Pca and EGCG intake had
Asia (Japan and = Radiation chemoprevention and protective
China) =  Chemotherapy; effects. (2) BT intake had an
docetaxel and reduced risk of Pca while (3) WT
cabazitaxel and (4) OT had a limited to no
effect.
Bladder cancer 2 Asia (Japan and 533,309 Stage | -V 78 % (American =  Chemotherapy; GT and GTP 6+ 12 months (1) GT intake may have a
China) Cancer Society, cisplatin-based protective effect on bladder cancer
2022). = Immunotherapy in Asian people while (2) BT, (3)
WT and (4) OT had a limited to no
effect.
Liver cancer 1 Japan and China. 124 Stage | - lll 22% (American =  Surgery GTP + 3 months (1) GTP intake had a chemo -
Cancer Society, =  Chemotherapy; preventative effect on liver cancer
2024). doxorubicin while (2) BT, (3) WT and (4) OT
= Multikinase inhibitor; had a limited to no effect on liver
sorafenib cancer.
Lung cancer 8 University of Arizona, 119,089 Stage | - IV NSCLC is 28% =  Surgery GT,EGCG, 4 weeks + 36 (1) GT and (2) BT intake were
University of Ottawa, and SCLCis 7% = Radiation Poly E, and months significantly associated with
Toronto, Canada, (American =  Chemotherapy. BT reduced lung cancer risk while (3)

Shanghai, China,
Japan

Cancer Society,
2023).

cisplatin or carboplatin.

WT and (4) OT had a limited to no
effect on lung cancer.
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Colorectal cancer
(CRC)

Ovarian cancer

Non-Hodgkin
lymphomas (NHL)

Gastric cancer

Pancreatic cancer

16

10

Germany, Asia
(Japan and China),
United States,
Nashville,
Tennessee, lowa,
Sweden, Netherlands
and Harvard medical
school, Boston

Boston, North
America, Europe
Sweden, lowa,
Netherlands, United
Sates, Asia, Japan
and China.

Tehran

Japan and Shanghai,
China

Japan and Shanghai,
China

185,244

2,945,261

315,972

85,084

3407

Stage | - Il

Stage | - Il

Stage | - IV

Stage | - Il

Stage | - I

63% (American
Cancer Society,
2023).

50% (American
Cancer Society,
2023).

Diffuse large B-
cell lymphoma is
65% and
Follicular
lymphoma is
90%(American
Cancer Society,
2023).

36% (American
Cancer Society,
2024).

13% (American
Cancer Society,
2024).

03

03

L4y

03

Surgery
FOLFOX
chemotherapy; Folinic
acid, fluorouracil and
oxaliplatin

Novel target-oriented
drugs; as cetuximab
and bevacizumab
Surgical staging &
operative tumour
debulking
Six cycles of
chemotherapy;
carboplatin and
paclitaxel

Radiation
Chemotherapy;
doxorubicin- mixed
with rituximab or
rituximab alone
Immunotherapy, or
radioimmunotherapy

Surgery

Radiation
Chemotherapy;
cisplatin,
fluoropyrimidine
based, ramucirumab
combined with
paclitaxel

Surgery
Chemoradiation with
fluorouracil
Chemotherapy;
gemcitabine

GT,EGCG, 6 + 48 months

and BT

GT, DBGT 6 + 96 months
and BT

GT + 12 months
GT 6 + 60 months
GT 6 + 132 months

(1) GT intake had a preventive
effect on colorectal adenomas
while (2) BT intake was not
associated with CRC risk. (3) WT
and (4) OT had a limited to no
Effect on CRC.

(1) GT intake had a significant
protective effect against ovarian
cancer while (2) BT intake may be
associated with a lower risk of
ovarian cancer. (3) WT and (4) OT
had a limited to no effect on ovarian
cancer.

Additionally, (1) GT and (2) BT
intake was not associated with
reduced mortality due to cancer.

Increased (1) GT intake reduced
the risk of NHL while (2) BT, (3)
WT and (4) OT had a limited to no
Effect on NHL.

(1) GT intake had a preventive
effect on reducing the risk of
gastric cancer, particularly for long-
term and high-dose consumption
while (2) BT, (3) WT and (4) OT
had a limited to no effect on
gastric cancer.

(1) GT intake may lower the risk of
colorectal and pancreatic cancers
while (2) BT, (3) WT and (4) OT
had a limited to no effect on
colorectal and pancreatic cancers;

ABBREVIATIONS: Green tea (GT), Green tea extract (GTE), Green tea catechin (GTC),Green tea polyphenol (GTP), Polyphenon E (Poly E),
Green select Phytosome (GSP), Epigallocatechin-3-gallate (EGCG), Double-brewed green tea (DBGT), Black tea (BT), Black tea extract (BTE),
White tea (WT), Oolong tea (OT).
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4.4, Included studies

4.4.1. Sensitivity Analyses

A sensitivity analysis was conducted to determine robustness of study results, specifically
results illustrated on Table 4.2. Since the effect size only changed slightly, it was concluded that
the results are robust.

4.4.2. Detailed inclusion and exclusion criteria

Detailed inclusion and exclusion criteria for clarity and reproducibility, as follows:

= Studies with data from randomized control trials; cohort studies; case — control
studies; combined case - control and cohort studies, as well as combined case
control and prospective studies; prospective studies; epidemiology studies and
observational studies were included

= Studies reporting data on various cancer patients consuming different types of
tea from Camellia sinensis as supplementary therapy in conjunction with or after
standard cancer therapy were included

= Studies reporting data on cancer patients (breast, prostate, bladder, lung,
colorectal, ovarian, liver, non-Hodgkin lymphoma, gastric and pancreatic) over the

age of 18, all genders, race; male and female were included

= Studies reporting data on at least one of the primary outcomes were included, i.e.
overall survival (OS), overall response rate (ORR), progression-free survival (PFS),
risk of cancer incidence, morbidity, safety and quality of life and five-year mortality

rate.

= Studies reporting data on any language and publication from January 1, 1980,
up to July 1, 2024, in all databases were included.

= All in vitro studies, and animal studies, and case studies were excluded

= Studies reporting data on patients with additional severe diseases that might alter
the outcome measurements such as cardiovascular disease or a major stroke were

excluded

100 studies were included in this systematic review and meta-analysis (see Table 4.1, page
30 - 46). The studies included 22 randomized control trials; 22 cohort studies; 15 case —
control studies; 4 combined case - control and cohort studies; 1 combined case - control and
prospective study; 4 prospective studies; 7 epidemiology studies; and 25 observational
studies. The Pie chart below (Figure 4.3) showcases the different types of studies included in

the systematic review and meta-analysis.
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Pie chart showing types of studies included

Observatlzosr:/al SE?"‘“ Randomized control trials
AN — 22%

Epidemiology Studies
7%

Prospective Studies

4% \
P Cohort Studies

22%

Case Control and
Prospective studies
1% *’

Case Control and Cohort studies Case - Control studies
4% - 15%

Figure 4.3: Pie Chart showing different types of studies included in the systematic review

and meta-analysis.

The locations of the different types of studies included in the systematic review and meta-
analysis are showcased in the Pie chart below (Figure 4.4). The majority of research is
conducted in Asia, particularly in China and Japan. This is due to the fact that green tea

consumption has been a fundamental aspect of both Chinese and Japanese culture for more

than a millennium, with the Japanese creating their own special tea ceremony known as
Chanoyu (Bree, 2023).

Pie chart showing location of studies included

Germany Tehran Africa
Netherlands 1%

Algeria...

United States
7%

Asia (Japan 30 % and China
36% ) 75%

Figure 4.4: Pie Chart showing locations of the different types of studies included in the

systematic review and meta-analysis.
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4.5. Diagnosis

In the 100 studies (see Table 4.1, page 30 - 46), some studies reported cancer risk by organ
system (for example, lung cancer) whereas others by one or more categories (for example,

non- small and small lung cancer).

4.6. Exposure

Some studies used a self-administered questionnaire in which participants were required to
declare the frequency and number of particular foods and beverages consumed, or they
conducted structured interviews. Green, black, oolong, and white tea intake was assessed
each day, week, month, or year, with values ranging from 3 to 9 cups or more per day. Some

research determined the annual yield in grammes of camellia sinensis leaves.
4.7. Effects of Interventions

100 studies evaluated green, black, oolong or white tea consumption and effect on disease
progression and remission rates in cancer patients on standard therapy. The key findings
are summarized in Table 4.1 (page 30 - 46). The Narrative summary in Table 4.2 (page 47)
provides a further summary of the overall success of Camellia sinensis tea exposure on
several types of cancers included in this systematic review and meta-analysis.

4.71. All types of cancer

Results on the 15 studies (see Table 4.1, page 30 - 32) are further explained below:

= 5 Cohort studies indicated that green tea consumption was not associated with all
cancer mortality and oral GTE at the doses studied can be taken safely for at least 6
months. For all cancer mortality, the summary RR for the highest v. lowest category
of green tea and black tea consumption were 1-:06 (95 % CI 0-98, 1:15) and 0-79 (95
% CI 0-65, 0-97), respectively. Additionally, the studies [Tang et al., (2015), Pisters
etal., (2001), Imai et al., (1997), Nakachi et al., (2000); Kuriyama et al., (2006)]
showed that green tea has a potentially preventive effect against cancer among
humans and a significant delay in cancer onset was associated with increased
consumption of green tea.

= 1 combined case - control and cohort study reported that there is limited evidence for
the beneficial effect of green tea consumption on the overall risk of cancer. Additional
large prospective cohort studies are needed to make a convincing case for
associations [Filippini et al., (2020)].
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= Results from 2 Prospective studies did not show a protective role of green and black
tea in five major cancers. However, subgroup analysis showed that increased
consumption of three cups of black tea per day was a significant risk factor for breast
cancer (RR, 1.18; 95% CI, 1.05-1.32). Additionally, green tea consumption was
virtually unrelated to incidence of cancers under study [Yu et al., (2014); Nagano et
al., (2001)].

= 3 Epidemiology studies demonstrated protective effects of green tea consumption on
gastrointestinal, breast, lung and prostate cancer. However, these findings have not
been confirmed by other studies covered in this review. Future prospective studies
are therefore warranted [Liu et al., (2008); Le et al., (2018); Yuan et al., (2011)].

= 4 Observational studies showed black tea polyphenols can control cell proliferative
pathways and induce apoptotic cell death so as to inhibit cellular proliferation,
deregulated differentiation, and progression [Naveed et al., (2018); Zhao et al.,
(2021); Schulze et al., (2017); Johnson et al., (2012)].

4.7.2. Breast cancer

Results on the 15 studies (see Table 4.1, page 32 - 35) are further explained below:

= 8 Randomized control trials findings suggest potential mechanistic actions of green
and black tea polyphenols in growth factor signaling, angio- genesis and lipid
metabolism. In one trial, Oral Greenselect Phytosome (GSP) increases bioavailability
of EGCG, which is detectable in breast tumor tissue and is associated with
antiproliferative effects on breast cancer tissue (P = 0.02). Adverse effects were
mainly mild and transient. However, 6.7% of GTE consumers experienced ALT
elevations, with 1.3% experiencing ALT-related serious adverse effects. In another
trial, absence of a pharmacokinetic interaction between green tea supplements and
tamoxifen was observed and thus the use of green tea by patients with tamoxifen
could be encouraged. Additionally, a 1998 study (Nakachi et al., 1998) results
indicated that increased consumption of green tea prior to clinical cancer onset is
significantly associated with improved prognosis of stage | and Il breast cancer (p <
0.05 for crude disease-free survival), and this association may be related to a
modifying effect of green tea on the clinical characteristics of the cancer. In a seven-
year follow-up of stage | and Il breast cancer, and the relative risk of recurrence was
0.564 (95% confidence interval, 0.350-0.911) after adjustment for other lifestyle
factors. Further investigation of the potential chemo-preventive effect of green tea
intake on breast cancer risk in younger women is warranted [Samavat et al., (2015);
Samavat et al., (2017);
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Lazzeroni et al., (2017); Dostal, et al., (2015); Crew et al., (2014); Nakachi et al.,
(1998); Crew et al., (2012); Braal et al., (2020)].

= In 3 Cohort studies, findings suggest a lower risk for breast cancer with green tea
consumption. However, the overall evidence did not support black tea drinking as
having a protective effect on breast cancer. There was no significant effect of green
tea on breast cancer prevention. However, green tea consumption may be
associated with a reduced risk of recurrence of stage | and Il breast cancer.
Additionally, a 2020 study, suggested that drinking at least five cups of green or black
tea per week may be associated with decreased breast cancer risk. The multivariable
model suggested an inverse association between black (=5 vs. 0 cups/week:
HR=0.88, 95% CI 0.78, 1.00, p-trend=0.08) and green tea (=5 vs. 0 cups/week:
HR=0.82, 95% CI 0.70, 0.95, p-trend<0.01) consumption and breast cancer risk.
[Sun et al.,(2005); Seely et al.,(2005); Zhang et al.,(2020)].

= Inthe 2 Case - control studies, one study pointed to an important and protective role
of green tea intake in relation to breast cancer risk in Asian American women.
However, the alternate study reported that tea or green tea drinking was significantly
associated with a lower risk for breast cancer in pre-menopausal women (OR=0.62,
95%CI: 0.40-0.97) but an increased risk in post-menopausal women (OR=1.40,
95%CI: 1.00-1.96). The positive association among postmenopausal women was
strongest among ER-negative green tea drinkers, meaning as tea intake increased,
the risk of breast cancer increased in women who have gone through menopause.
(OR=2.99, 95% ClI: 1.26-7.11). [Wu et al., (2003); Li et al., (2016)].

= 1 Prospective study was a pooled analysis of two prospective studies with 35004
Japanese women, green-tea intake was not associated with a lower risk of breast
cancer (222 cases), the multivariate relative risk for women drinking = 5 cups of
green or black tea compared with <1 cup of green or black tea per day being 0.84
(95% confidence interval 0.57-1.24, Trend P=0.69) [Suzuki et al., (2004)]. Overall,
green and black tea had a protective effect with no association to breast cancer
risk (Table 4.2, page 47).

= 1 Epidemiology study reported that although careful interpretation is needed, these
results suggest the possibility that regular green tea consumption may be preventive
against recurrence of breast cancer in early-stage cases [Inoue et al., (2001),].

= 1 Observational study showed a lower risk (OR = 0.78, 95% CIl = 0.61-0.98) for
breast cancer with green tea consumption [Yu et al., (2019)].

4.7.3. Prostate cancer (Pca)

Results on the 12 studies (see Table 4.1, page 35 — 37) are further explained below:
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= 4 Randomized control trials found that green tea-induced changes in NF-kB (nuclear

factor kappa B) and systemic oxidation, and uptake of green tea polyphenols in
prostate tissue. Green tea, as complementary therapy was found to have minimal
clinical activity against hormone refractory prostate cancer. Additionally, a 2015
study found that EGCG per day for 1 year accumulated in plasma and was well
tolerated, but did not reduce the likelihood of a subsequent PCa diagnosis in men
with baseline HGPIN (High-grade Prostatic Intraepithelial Neoplasia) or ASAP
(Atypical Small Acinar Proliferation). Altogether, study data suggest that up to 90%
of chemoprevention efficacy can be obtained by GTCs administration in men prone
to develop CaP [Henning et al.,(2014); Kumar et al., (2015); Choan et al.,(2005);
Bettuzzi et al., (2006)].

2 Cohort studies found that there was no association between daily green tea intake
and prostate cancer risk, compared with no green tea intake [hazard ratio (HR) =
1.08; 95 % confidence interval (Cl) 0.79, 1.47]. For black tea, a statistically significant
positive association and trend were observed for daily intake compared with no black
tea intake (HR = 1.41, 95 % CI 1.03, 1.92: p for trend <0.01. 2012 study’s findings
support the notion that green tea intake does not protect against prostate cancer and
that black tea intake may increase prostate cancer risk. [Montague et al.,(2012);
Kikuchi et al.,(2006)].

2 Case - control studies found that green tea intakes showed no significant reduction
in the risk of Pca. The dose response relationships were also significant, suggesting
that green tea is protective against prostate cancer. Furthermore, the prostate cancer
risk declined with increasing frequency, duration and quantity of green tea
consumption. The adjusted odds ratio (OR), relative to non-tea drinkers, were 0.28
(95% CI = 0.17-0.47) for tea drinking, 0.12 (95% CI = 0.06-0.26) for drinking tea over
40 years, 0.09 (95% CI = 0.04-0.21) for those consuming more than 1.5 kg of tea
leaves yearly, and 0.27 (95% CI = 0.15-0.48) for those drinking more than 3 cups (1
litre) daily. [Berroukche et al.,(2012); Jian et al., (2003)].

1 Prospective study of 49 920 Japanese men discovered that green-tea intake was
not associated with a lower risk of prostate cancer. However, consumption was
associated with a dose-dependent decrease in the risk of advanced prostate cancer.
The multivariate relative risk was 0.52 (95% confidence interval: 0.28, 0.96) for men
drinking 5 or more cups/day compared with less than 1 cup/day (p(trend) = 0.01)
[Kurahashi et al., (2008)]. Overall, green tea intake reduced prostate cancer risk,
GTC were effective for preventing prostate cancer and EGCG intake had chemo-
prevention and protective effects. Black tea intake had a decreased risk of prostate
cancer (Table 4.2, page 47).
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= 1 Epidemiology study showed that the majority of epidemiologic studies have
observed a correlation between increased green tea consumption and reduced risk
of prostate cancer. [Bailey et al., (2013)].

= 2 Observational studies found that the gut microbiome has biologically plausible roles
in PCa such as via its influence on hormone and inflammation regulation and
production of metabolically active metabolite. Novel data demonstrated that, higher
green tea consumption decreased the risk of PCa in a linear fashion. Additionally,
more than 7 cups/day and green tea catechins were effective for preventing PCa.
However, further studies are required to substantiate these conclusions. [Guo et al.,
(2017); Kumar et al., (2022)].

4.7.4. Bladder cancer

Results on the 2 studies (see Table 4.1, page 37) are further explained below:

= 1 Randomized control trial found that high consumption of green tea suppressed
urinary tract recurrence and the risks of up-grading and up-staging by recurrence in
non-smokers. In non-smokers, multivariate analysis showed that the frequency of
green tea consumption was a significant predictor (middle: hazard ratio, HR, 0.36,
p=0.002; high: HR, 0.20, p=0.003) of urinary tract recurrence. A high consumption of
green tea was associated with low rates of urinary tract recurrence and up-grading in
UC patients. In BC, high consumption was associated with a lower risk of up-grading
(p=0.011) and up-staging (p=0.041) in recurrent cancer. HUR expression in the high-
consumption group was lower (p=0.019) than that in other groups. These significant
findings were not detected in ever smokers. Results suggested that HUR expression
played important roles in such mechanisms [Yasuda et al., (2018)]. Overall, green tea
intake may have a protective effect on bladder cancer in Asian people (Table 4.2, page
47).

= 1 combined Case - control and cohort study analysis indicated that green tea may have
a protective effect on bladder cancer in Asian people. Further studies need to be
conducted to better clarify the biological mechanisms [Filippini et al., (2020)].

4.7.5. Liver cancer

Results on the 1 study (see Table 4.1, page 37) are further explained below:

= 1 Randomized control trial findings suggest that chemoprevention with GTP is effective
in diminishing oxidative DNA damage. At the end of the 3 months' intervention, 8-
OHdG levels decreased significantly in both GTP-treated groups, with medians of 2.02,
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1.03 and 1.15 ng/mg-creatinine for placebo, 500 mg and 1000 mg group, respectively
(P = 0.007). These results suggest that urinary excretions of EGC and EC can serve
as practical biomarkers for green tea consumption in human populations. [Luo et al.,
(2006)]. Overall, GTP intake had a chemo - preventative effect (Table 4.2, page 47).

Lung cancer

Results on the 8 studies (see Table 4.1, page 38) are further explained below:

= 4 Randomized control trials data suggest that regular green tea drinking might

protect smokers from oxidative damages and could reduce cancer risk or other
diseases caused by free radicals associated with smoking. Green tea can block the
cigarette-induced increase in sisterchromatid exchange (SCE) frequency. SCE rates
were elevated significantly in smokers (9.46 +/- 0.46) versus nonsmokers (7.03 +/-
0.33); however, the frequency of SCE in smokers who consumed green tea (7.94 +/-
0.31) was comparable to that of non-smokers, implying that green tea can block the
cigarette-induced increase in SCE frequency. A 2005 study suggests that while
relatively nontoxic at a dose of 3 g/m? per day, GTE likely has limited activity as a
cytotoxic agent, and further study of GTE as a single agent in established
malignancies may not be warranted. On this schedule, the dose of GTE was 3
g/m? per day, and at this dose, GTE was well tolerated with no grade 3 or 4 toxicity
seen. Dose-limiting toxicities were diarrhea, nausea and hypertension. No objective
responses were seen in this trial. Seven patients had stable disease ranging from 4
to 16 weeks; no patient remained on therapy longer than 16 weeks due to the
development of progressive disease. In a Phase Il randomized, double blind
controlled trial of chemoprevention of lung carcinogenesis using green tea beverage
and tea polyphenols (Polyphenol E), no significant adverse events have been
reported, including no liver toxicity [Garland et al., (2006); Laurie et al.,(2005); Shim
et al.,(1995); Hakim et al.,(2003)].

1 Case - control study discovered that the inconsistency in the association between
drinking tea and the risk of lung cancer reported in previous studies may in part be
due to inadequate control of confounding of active smoking [Zhong et al., (2001)].

1 combined Case - control and cohort study found that tea consumption may offer
some protection against lung cancer. Both green tea (RR, 0.75; 95% CI, 0.62-0.91)
and black tea (RR, 0.82; 95% CI, 0.71-0.94) were significantly associated with
reduced lung cancer risk. [Wang et al., (2014)]. Overall, green and black tea intake
were significantly associated with reduced lung cancer risk (Table 4.2, page 47).
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= 2 Observational studies found that both green tea and black tea were significantly

4.7.7.

associated with reduced lung cancer risk (RR, 0.78; 95% CI, 0.70-0.87). Another
study found insufficient evidence to support green tea as a treatment or preventative
agent for lung cancer. Green tea should not be used by patients on bortezomib
therapy [Wang et al., (2014); Fritz et al.,(2012)].

Colorectal cancer (CRC)

Results on the 6 studies (see Table 4.1, page 39 — 40) are further explained below:

= 1 Randomized control trial found that 300 mg EGCG per day was well tolerated and

showed a trend towards a preventive effect on CA in the large bowel though not
statistically significant (P = 0.058 and RR = 0.883). There were no safety issues and
no major differences in AEs between EGCG and placebo during the randomized
phase. [Ettrich et al., (2015)].

3 Cohort studies found that Consumption of green tea was not associated with lower
risk of colorectal cancer. Multivariate pooled HRs for colon cancer associated with
drinking 1-2, 3-4, and 5 or more cups of green tea per day, as compared with less
than 1 cup per day, were 1.06 (95% confidence interval [CI]=0.74-1.52), 1.10 (0.78-
1.55), 0.97 (0.70-1.35), respectively (trend p=0.81). Corresponding HRs for rectal
cancer were 0.85 (95% CI=0.56-1.29), 0.70 (0.45-1.08), 0.85 (0.58-1.23),
respectively (trend p=0.31). A 2007 study showed that regular consumption of green
tea may reduce CRC risk in women. The reduction in risk was most evident among
those who consistently reported to drink tea regularly at both the baseline and follow-
up surveys (relative risk, 0.43; 95% confidence interval, 0.24-0.77). The inverse
association with regular tea drinking was observed for both colon and rectal
cancers. In men, the green tea-colorectal cancer association was noted mainly in
those with advanced disease (RR = 1.75, 95% CIl = 1.24-2.46; P for trend < 0.0001)
and irrespective of gender, intake of black tea was not associated with risk of
colorectal cancer (RR =0.92, 95% CI = 0.79-1.07) in this Asian population [Suzuki et
al., (2005); Sun et al.,(2007); Yang et al., (2007)]. Overall, green tea intake had a
preventive effect on colorectal adenomas while black tea intake was not associated
with CRC risk (Table 4.2, page 47).

2 Observational studies findings showed that green tea had the most significant
effect on reducing the colon cancer risk, while it had the minimum influence on CRC.
Additionally, it did not affect rectal cancer. It is essential to note that these
relationships were not statistically significant. A 2023 study suggests that tea and its
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extracts have a certain protective effect on colorectal adenomas, which provides
scientific evidence for preventive strategies for colorectal adenomas. Tea and its
extracts were negatively correlated with the risk of colorectal adenomas (OR = 0.81,
95% CI: 0.66-0.98). [Fakhri et al.,(2022); Guan et al.,(2023)].

Ovarian cancer

Results on the 16 studies (see Table 4.1, page 40 — 42) are further explained below:

= 1 Randomized control trial found that double-brewed green tea (DBGT)

supplementation does not appear to be a promising maintenance intervention in
women with advanced stage ovarian cancer after standard treatment. Women's
adherence to DBGT was high (median daily intake during intervention, 98.1%,
interquartile range: 89.7-100%), but 6 women discontinued the intervention before
the end of their follow-up. No severe toxicity was reported. [Trudel et al.,(2013)].

2 Cohort studies concluded that increasing the consumption of green tea post-
diagnosis may enhance epithelial ovarian cancer survival. The corresponding dose-
response relationships were significant (p < 0.05). A 1996 study suggest that tea,
one of the most popular beverages consumed worldwide, may protect against some
cancers in postmenopausal women. To elaborate , the authors found that regular
white tea consumption was related to a slight, but not statistically significant, reduced
incidence of all cancers combined. Inverse associations with increasing frequency of
white tea drinking were seen for cancers of the digestive tract (p for trend, 0.04) and
the urinary tract (p for trend, 0.02). For women who reported drinking > or = 2 cups
(474 ml) of tea per day, compared with those who never or occasionally drank tea,
the relative risk for digestive tract cancers was 0.68 (95% confidence interval (Cl)
0.47-0.98) and for urinary tract cancers, 0.40 (95% CI 0.16-0.98). Similar inverse
associations were seen for specific digestive and urinary tract cancers, although site-
specific analyses were not statistically significant. No appreciable association of
white tea drinking was found with melanoma, non-Hodgkin's lymphoma, or cancers
of the pancreas, lung, breast, uterine corpus, or ovary [Zhang et al., (2004); Zheng et
al., (1996)]. Overall, increased green tea intake had a significant protective effect
against ovarian cancer while black tea intake may be associated with a lower risk of
ovarian cancer (Table 4.2, page 47).

In 2 Case - control studies green tea seemed to have weak but inverse association
with endometrial cancer risk, but this effect of protection might only limit to
premenopausal women. Green tea had a protective effect on endometrial cancer
among non-smoking or non-alcohol drinking women (OR = 0.77, P = 0.0199) and the
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ORs reduced with the increasing concentration of tea being served (P for trend =
0.0493). Increasing frequency and duration of tea drinking, especially green tea, can
reduce the risk of ovarian cancer. However, the protective effects of black tea and
Oolong tea need to be additionally investigated [Gao et al.,(2005); Lee et al., (2013)].
1 Epidemiology study showed an inverse association between tea consumption and
ovarian cancer risk. The study found that tea consumption had a significant
protective effect against ovarian cancer (relative risk [RR] = 0.86; 95% confidence
interval [CI]: 0.76, 0.96). [Zhan et al., (2017)].

10 Observational studies found that black tea consumption was associated with a
linear decline in ovarian cancer risk , with individuals consuming two or more cups
daily experiencing a 30% decline in risk. Green, black and white tea consumption
was inversely associated with a risk of ovarian cancer after controlling for potential
confounders (P = 0.3). A 2014 study found that higher intakes

of flavonols and flavanones as well as black tea consumption may be associated with
lower risk of ovarian cancer. Dietary intake of white tea flavonoids may reduce
ovarian cancer risk, although additional prospective studies are needed to further
evaluate this association. If confirmed, these results would provide an important
target for ovarian cancer prevention. Furthermore, no associations were found
between white tea and Type |l endometrial cancer. [Baker et al., (2007); Zheng et
al.,(2023); Larsson et al., (2005); Steevens et al., (2007); Cassidy et al., (2014);
Shimazu et al., (2008); Uccella et al., (2013); Weiderpass et al., (2014); Paul et
al.,(2019); Gates et al.,(2007)].

Non-Hodgkin lymphoma (NHL)

Results on the 1 study (see Table 4.1, page 42) are further explained below:

= Findings from 1 Observational study suggest that green tea intake may be associated

with reduced risk of NHL. The study found that a higher green tea intake was
associated with a 39% reduced risk of NHL (pooled RR =0.61; 95% Cls =0.38, 0.99, I
=60.4%, p-heterogeneity =0.080) in high- versus low-intake meta-analysis. No
association was observed between coffee intake (pooled RR = 1.21; 95% Cls =
0.97,1.50, 1> =52.6%, p-heterogeneity < 0.05), black tea intake (pooled RR = 1.01; 95%
Cl = 0.82,1.24, 12 =0%, p-heterogeneity =0.875) and risk of NHL in high-versus low-
intake meta-analysis [Mirtavoos-Mahyari et al., (2019)]. Overall, increased green tea
intake reduced the risk of NHL (Table 4.2, page 47).
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4.7.10. Gastric cancer

Results on the 10 studies (see Table 4.1, page 43 — 44) are further explained below:

= 4 Cohort studies found no inverse association between green tea consumption and
the risk of stomach cancer death. However, an inverse association between green
tea consumption and distal gastric cancer was observed among women. In a
population-based, prospective cohort study in Japan, found no association between
green-tea consumption and the risk of gastric cancer. The results were similar after
the 117 cases of gastric cancer that were diagnosed in the first three years of
follow-up had been excluded, with respective relative risks of 1.2 (95 % Cl = 0.8,
1.8),1.0 (95 % Cl =0.7, 1.5), and 1.4 (95 % Cl = 1.0, 1.9) (P for trend=0.07).
[Hoshiyama et al., (2002); Sasazuki et al., (2004); Yoshitaka Tsubono et al.,(2001);
Nechuta et al.,(2012)].

= 4 Case - control studies found that Habits of green tea drinking, including regular
drinking, larger amount of consumption, lower temperature and longer interval were
strongly associated with a lower risk of stomach cancer. A 1995 study found that
green tea may disrupt gastric carcinogenesis at both the intermediate and the late
stages. A nested case-control study found no inverse association between green tea
consumption and the risk of stomach cancer. The risks associated with drinking one
or two, three or four, five to nine, and 10 or more cups of green tea per day, relative
to those of drinking less than one cup per day, were 1.3 (95% CI = 0.6,2.8), 1.0 (95%
Cl=0.5,1.9), 0.8 (95% CI = 0.4,1.6), and 1.2 (95% CI = 0.6,2.5), respectively (P for
trend=0.899).[Yoshiharu Hoshiyama et al.,(2004); Yu et al.,(1995); Wang et
al.,(2015); Mao et al.,(2011)].

= 1 Epidemiology study found an inverse association was observed between green tea
drinking and stomach cancer and chronic gastritis risks. [Yu et al., (1998)].

= 1 Observational study found that drinking green tea has a certain preventive effect
on reducing the risk of gastric cancer, particularly for long-term and high-dose
consumption. Compared with the lowest level of green tea intake, the pooled relative
risk of gastric cancer was 1.05 (95 % CI = 0.90, 1.21, I? = 20.3 %) for the cohort
studies and the pooled OR 0.84 (95 % Cl = 0.74, 0.95, I> = 48.3 %) for the case-
control studies. The pooled relative risk of gastric cancer was 0.79 (95 % CI = 0.63,
0.97, 12 =63.8 %) for intake of 6 cups green tea/d, 0.59 (95 % Cl = 0.42,0.82,1>°=1.0
%) for 25 years of green tea intake and 7.60 (95 % Cl = 1.67, 34.60, I? = 86.5 %) for
drinking very hot green tea [Huang et al.,(2017)]. Overall, green tea intake had a
preventive effect on reducing the risk of gastric cancer, particularly for long-term and

high-dose consumption (Table 4.2, page 47).
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4.7.11. Pancreatic cancer

Results on the 5 studies (see Table 4.1, page 44 - 45) are further explained below:

= 2 Cohort studies support the idea that green tea consumption does not have a
substantial impact on pancreatic cancer risk in general. 1997 study’s findings
provide further evidence that green tea drinking may lower the risk of colorectal and
pancreatic cancers. An inverse association with each cancer was observed with
increasing amount of green tea consumption, with the strongest trends for rectal and
pancreatic cancers. For men, compared with non-regular tea drinkers, ORs among
those in the highest tea consumption category (> or = 300 g/month) were 0.82 for
colon cancer, 0.72 for rectal cancer and 0.63 for pancreatic cancer, with p values for
trend being 0.38, 0.04 and 0.04, respectively. For women, the respective ORs for the
highest consumption category (> or = 200 g/month) were 0.67, 0.57 and 0.53, with
the respective p values for trend being 0.07, 0.001 and 0.008. [Luo et al.,(2007); Ji et
al.,(1997)]. Overall, green tea intake may lower the risk of colorectal and pancreatic
cancers (Table 4.2, page 47).

= 1 large-scale, population-based Case - control study showed that habits of green tea
drinking, including regular drinking, amount of consumption, persistence of the habit,
and tea temperature, may lower pancreatic cancer risk. In women, regular green tea
drinking was associated with 32% reduction of pancreatic cancer risk (OR 0.68, 95%
Cl =0.48,0.96), compared to those who did not drink tea regularly. Increased
consumption and longer duration of tea drinking were both associated with reduced
pancreatic cancer risk in women. Among regular tea drinkers, lower temperature of
tea was associated with reduced risk of pancreatic cancer in both men and women,
independent of amount or duration of tea drinking. [Wang et al.,(2012)].

= 1 combined Case - control and cohort study found that an increase in tea
consumption can reduce the risk of pancreatic cancer disease (RR=0.99, 95% CI =
0.89, 1.11, P=0.922) in Chinese populations and in individuals older than 60 years of
age [Chen et al., (2014)].

= 1 combined Case - control and prospective study suggested that green tea
consumption is not associated with pancreatic cancer. The summary OR was 0.99
(95% CI1 =0.78,0.25) [Zeng et al.,(2014)].
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Various other types of cancer

Results on the 9 studies (see Table 4.1, page 45 - 46) are further explained below:

=

3 Randomized control trials found that higher doses of GTE may improve short-term
(12-week) oral premalignant lesions (OPL) outcome. The present results support
longer-term clinical testing of GTE for oral cancer prevention. The results from the
completed studies support a potential role of green tea for oral cancer prevention.
Findings from a 1197 study provide a basis for continuing international collaborative
efforts in conducting population-based chemoprevention trials against head and neck
cancer [Tsao et al., (2009); Ramshankar et al., (2014); Bettuzzi et al., (2006); Am J
Surg et al., (1997)].

1 Cohort study’s findings did not suggest a prominent inverse association of green
tea consumption with oral cancer, although there was a tendency for a reduced risk
in women. For women, the HRs of oral cancer for green tea consumption of 1-2, 3-4,
and 5 or more cups per day were 0.51 (95% CI = 0.10,2.68), 0.60 (95% CI=0.17,
2.10), and 0.31 (95% CI = 0.09,1.07), respectively, compared with those who drank
less than one cup per day (p for trend, 0.08). For men, no such trends were
observed. [Ide et al.,(2007).

3 Case - control studies found green tea appeared to offer valuable protective
effects on the development of gastric and liver cancer among alcohol drinkers
while, green tea also having some protective effect on esophageal cancer among
alcohol drinkers and on three kinds of cancers among cigarette smokers.
Interaction assessment showed that drinking green tea could significantly

decrease the risk of gastric cancer and liver cancer among alcohol drinkers, with
ORs of interaction item

0.23 (95% CI = 0.10, 0.55) and 0.25 (95% CI = 0.11, 0.57) respectively. A 1994
population-based, case-control study of esophageal cancer in urban Shanghai
suggests a protective effect of green tea consumption. After further adjustment for
other known confounders, a protective effect of green tea drinking on esophageal
cancer was observed among women (odds ratio = 0.50; 95 % CI = 0.30,0.83), and
this risk decreased (P for trend < or = . 01) as tea consumption increased. In a 2007
case-control study of 107 adults with leukemia and 110 orthopedic controls in
China, a reduced risk was found with longer duration, higher quantity, and frequency
of green tea intake [Gao et al.,(1994); Mu et al., (2003); Zhang et al.,(2007)].

2 Observational studies showed that postoperative tea drinking had a positive effect
on delay in clinical deterioration and improvements in multiple functions and

symptoms associated with esophageal squamous cell carcinoma (ESCC) in men.
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The multivariate Cox regression analysis showed that drinking tea after surgery
improved quality of life, including physical function (HR = 0.722, 95 % CI =
0.559,0.933), eating problems (HR = 0.718, 95 % CI = 0.537-0.960), trouble
swallowing saliva (HR = 0.624, 95 % CI = 0.44, 0.88), coughing (HR = 0.63, 95 % CI
= 0.44, 0.89) and speech problems (HR = 0.63195 % CI = 0.44-0.90). Furthermore,
the improvement was more significant in patients who drank tea before surgery and
continued to drink tea after surgery. The results from a 2014 meta-analysis of
observational studies demonstrate that tea intake was not associated with risk of
laryngeal carcinoma [Chen et al., (2014); Zhang et al., (2022)].

Limitations of the studies reviewed potential biases and implications of these
limitations on findings

Small sample sizes in most studies limit the ability to make reliable results. Future long-
term case control and cohort studies with bigger sample sizes may yield more exact data
and solid conclusions about the use of Camellia sinensis tea for cancer prevention. For
example, the study trial time frame was designed to discover long-term and modest
decreases in cancer progression, as well as to reliably estimate 5-year survival, morbidity,
and safety.

Some studies reported clinical variability due to differences in patient groups or
demography. For example, the population may not always be a representative of a
general target population or observational studies may have greater variability in the target
population because treatment is not randomly assigned.

In all studies, Camellia sinensis tea consumption is utilized after initial treatment making it
difficult to determine whether the outcomes measured are due to the tea or conventional
treatments. This could cause potential biases and yield inaccurate findings.

The quantity of the tea (Camellia sinensis) consumed differs from study to study which
creates inaccurate outcomes from study to study and caused potential biases.

The predominance of studies were found in Southeast Asia as tea is a vital component in
Asian culture. This may limit the applicability of findings of other populations, thus there is
a great need for more diverse research settings
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4.9. Primary outcomes

This systematic review and meta-analysis measured seven primary outcomes. Based of the main results, the outcomes were evaluated based on
overall survival (OS), overall response rate (ORR), progression-free survival (PFS), risk of cancer incidence, morbidity, safety and quality of

life as well as the five-year mortality rate.

Table 4.3: Characteristics of primary outcomes included in this systematic review and meta-analysis.

Outcome Study characteristics Measurement, Metric and Data Source
Overall Overall survival (OS) was measured in 3 studies. Green and black tea consumption was associated with increased survival Measurement: Time from randomization or diagnosis to death from any cause.
survival due to all causes but not with increased survival due to cancer [Kuriyama et al; (2006)]. No inverse association between green . . ) _ )
(0S) tea consumption and the risk of stomach cancer death [Hoshiyama et al., (2002)]. For all cancer survival, the summary RR for Metric: Median OS, survival rates at specific time points (e.g., 1-year, 5-year).
the highest v. Iowes.t category of green tea and black tea consumption were 1.06 (95 % Cl = 0.98, 1.15) and 0.79 (95 % CI = Data Source: Clinical trials, patient follow-up records.
0.65, 0.97), respectively [Tang et al., (2015)].
Overall Overall response rate (ORR) was measured in 3 studies. ORR demonstrated protective effects of green tea consumption on Measurement: Proportion of patients with a significant tumor size reduction.
response gastrointestinal, breast, lung and prostate cancer. However, these findings have not been confirmed by other studies covered in . .
rate this review[Liu et al., (2008)]. Results from two Prospective studies did not show a protective role of green and black tea in five Metric: Sum of complete response (CR) + partial response (PR) percentages.
(ORR) n?ajc?r‘ cancgrs. However, subgroup analysis showed that increase in consyrnptlon of three cups of blac.k tea per day was a Data Source: Clinical trials
significant risk factor for breast cancer (RR, 1.18; 95% CI = 1.05,1.32). Additionally, green tea consumption was unrelated to
incidence of cancers under study [Yu et al., (2014); Nagano et al., (2001)].
Progression- Progression-free survival (PFS) was measured in 1 study. Result from the study showed that increased consumption of green Measurement: Time from treatment start to disease progression or death.

free survival
(PFS)

tea was correlated with decreased recurrence of stage | and |l breast cancer (p < 0.05 for crude disease-free survival); the
recurrence rate was 16.7 or 24.3% among those consuming > or = 5 cups or < or = 4 cups per day, respectively [Nakachi et
al.,(1998)].

Metric: Median PFS.

Data Source: Clinical trials, often reported alongside OS.

Morbidity Morbidity was measured in 1 study. No significant correlation between green, black and white tea intake and the morbidity of Measurement: Incidence of complications, side effects, or disease-related

overall gynecologic tumours in different sites (ovary, endometrium, and cervix), breast, liver, lung, prostate, colorectal blader and  [mpairments

astric tumours [Zheng et al., (2023)].
gastric tumours | 9 2 ) Metric: Percentage of patients with specific conditions or adverse events
Data Source: Clinical studies, health records

Five-year Five-year mortality rate was measured in 3 studies. The present systematic review and meta-analysis indicated that green tea Measurement: Percentage of patients who die within five years of diagnosis or
mortality consumption not associated with all cancer mortality [Tang et al., (2015)]. For all cancer mortality, the summary RR for the treatment.
rate highest v. lowest category of green tea and black tea consumption were 1.06 (95 % CI = 0.98, 1.15) and 0.79 (95 % Cl = 0.65,

0.97), respectively. Green and black tea consumption was associated with reduced mortality due to all causes but not with
reduced mortality due to cancer [Larsson et al., 2005]. In a seven-year follow-up of stage | and Il breast cancer, the relative risk
of recurrence was 0.564 (95% CI = 0.35, 0.91) after adjustment for other lifestyle factors [Nakachi et al., (1998)].

Metric: 5-year mortality rate (%).

Data Source: Long-term follow-up studies, cancer registries.
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Risk of
cancer
incidence

Risk of cancer incidence was measured in 33 studies. The evidence for green tea and cancer risk is inadequate and inconclusive as
limited evidence for the beneficial effect of green tea consumption on the overall risk of cancer [Johnson et al., (2012); Filippini et al.,
(2020)]. No significant effect of green tea on breast cancer prevention. Green tea consumption, however, may be associated with a
reduced risk of recurrence of stage | and Il breast cancer. Some studies show lower risk and an important and protective role of green
tea intake in relation to breast cancer risk for breast cancer with green tea consumption [Seely et al., (2005); Sun et al., (2005); Wu et
al., (2003)]; Li, et al., (2016)]. Further investigation of the potential chemo preventive effect of green tea intake on breast cancer risk in
lyounger women is warranted [Samavat, ef al., (2017)]. In conclusion, a 2020 study suggests drinking at least five cups of green or black
tea per week may be associated with decreased breast cancer risk [Zhang et al., (2020)]. Green tea was not associated with localized
prostate cancer. However, consumption was associated with a dose-dependent decrease in the risk of advanced prostate cancer
[Kurahashi et al., (2008)]. High consumption of green tea suppressed urinary tract recurrence and the risks of up-grading and up-staging
by recurrence in never smokers. Our results suggested that HuR expression played important roles in such mechanisms [Yasuda et al.,
(2018). In a prospective study of 19,561 Japanese men, green-tea intake was not associated with a lower risk of prostate cancer (110
cases) [Kikuchi et al., (2006)]. Both green tea (RR, 0.75; 95% CIl = 0.62, 0.91) and black tea (RR 0.82; 95% Cl = 0.71, 0.94) were
significantly associated with reduced lung cancer risk [Wang et al., (2014)]. 11 Observational studies, found that black tea consumption
was associated with a linear decline in ovarian cancer risk , with individuals consuming two or more cups daily experiencing a 30%
decline in risk [Baker et al., (2007); Zheng et al., (2023); Zheng, et al., (1996); Larsson et al., (2005); Steevens et al., (2007); Cassidy
et al., (2014); Shimazu et al., (2008); Uccella et al., (2013); Weiderpass et al., (2014); Paul et al., (2019); Gates et al., (2007)]. Findings
from 1 Observational study suggest that green tea intake may be associated with reduced risk of non-Hodgkin lymphoma (NHL).The
study found that a higher green tea intake was associated with a 39% reduced risk of NHL (pooled RR = 0.61; 95% Cls = 0.38, 0.99,
12=60.4%, p- heterogeneity = 0.080) in high- versus low-intake meta-analysis [Mirtavoos-Mahyari et al., (2019)]. 4 Cohort studies found
no inverse association between green tea consumption and the risk of stomach cancer death [Hoshiyama et al ., (2002); Sasazuki et al
., (2004), Yoshitaka Tsubono et al ., (2001); Nechuta et al ., (2012)]. 1 Prospective study [Zeng et al ., (2014)] and 3 Cohort studies
found that GT intake had no association with the risk of pancreatic cancer and may even reduce the risk [Chen et al ., (2014); Luo et al
., (2007); Ji et al ., (1997)]. Additionally, 1 case - control study discovered that GT intake, including regular drinking, amount of
consumption, persistence of the habit, and tea temperature, may lower the risk of pancreatic cancers [Wang et al ., (2012)].

Measurement: Number of new cancer cases in a specified population over a
defined period.

Metric: Incidence rate (e.g., per 1,000 or 100,000 persons/year).

Data Source: Cohort studies, registries, randomized trials.

Safety and
Quality of
life

Safety and Quality of life was measured in 5 studies. There were no safety issues and no major differences in adverse effects
between green, oolong, white and black tea and placebo during the randomized phase (Ettrich et al ., 2015). Green and black tea
were well tolerated and showed a trend towards a preventive effect on colorectal adenomas in the large bowel though not
statistically significant (P = 0.058 and RR = 0.883). Oral GTE at the doses studied can be taken safely for at least 6 months (Pisters
et al., 2001). Adverse effects were mainly mild and transient. However, 6.7% of GTE consumers experienced ALT elevations, with
1.3% experiencing ALT-related serious adverse effects (Crew et al ., 2014). In a 2005 study, and at this dose of GTE 3 g/m?per
day was well tolerated with no grade 3 or 4 toxicity seen. Dose-limiting toxicities were diarrhea, nausea and hypertension, no
objective responses were seen in this trial. Seven patients had stable disease ranging from 4 to 16 weeks; no patient remained on
therapy longer than 16 weeks due to the development of progressive disease (Laurie et al ., 2005). Regarding the safety of green
tea. Green tea, a popular beverage, is largely nontoxic. A phase | trial of 17 patients with advanced lung cancer revealed that the
maximal tolerable dose of green tea extract was 3 g/m? per day. There have been no serious side effects documented in relation
with the medical use of green tea. High dosages of green tea or green tea extract (about 5-6 litters per day) might produce nausea,
vomiting, abdominal bloating/pain, dyspepsia, gas, and diarrhea. Excessive use of caffeine from green tea may also produce central
nervous system stimulation such as dizziness, sleeplessness, tremors, restlessness, disorientation, diuresis (increased urine
output), heart rate abnormalities, and psychomotor agitation (Liu et al ., 2008). Human studies found no serious side effects in
volunteers who consumed 15 pills of green tea per day (i.e. 2.25 g green tea extracts, 337.5 mg EGCG, and 135 mg caffeine) for
6 months. A randomized, placebo-controlled experiment (n = 40) demonstrated no negative effects in healthy people who took
green tea polyphenols in amounts equivalent to the EGCG content in 8-16 cups of green tea once or twice a day in divided doses

for four weeks (Liu et al., 2008).

(1) Safety Data:

Measurement: Frequency and severity of adverse events (AEs).

Metric: % of patients experiencing Grade 3—4 AEs (using CTCAE).

Data Source: Clinical trial reports, pharmacovigilance databases.

(2) Quality of Life (QoL):

Measurement: Patient-reported outcomes on well-being and functioning.

Metric: Scores from validated tools (e.g., EORTC QLQ-C30, SF-36).

Data Source: Questionnaires administered during studies.

65




4.10. Meta-analysis of similar studies with similar outcomes

According to the systematic review, green tea exhibited the highest and strongest efficacy of
any Camellia sinensis tea. Thus, a meta-analysis was conducted to determine the
associations between green tea exposure and reduction in cancer risk, cancer prevention,
and adverse events. A step - by - step flow diagram of the meta-analysis process is provided

below (Figure 4.5).

s N
Extract data from individual studies from
eligible meta-analysis

v
4 N
Interpret the result of re-analysis under Determination of the level of
conventional criteria (p - value < 0.05) evidence of each meta - analysis

A\ 4

" N

Combine all similar studies on green tea with

similar outcomes and perform a meta-analysis
& 7

v
e N e
Interpret the result of meta-analysis under o | Determination of the level of evidence of
conventional criteria (p - value < 0.05) | the final meta - analysis

N\ y, \

Figure 4.5: Flow diagram of the meta-analysis (Seung Kim et al., 2020).

4.10.1. Determination of the level of evidence in meta-analyses

The factors used to determine the level of evidence were the following: (1) The random-
effects p value was more than 0.05, indicating a nonsignificant connection; (2) Weak
evidence: The result was significant (random-effects p value < 0.05), but there was evidence
of between-study heterogeneity (12 > 50 and 95% Pl encompassed the null) or a minor study
effect; (3) The finding was significant (random-effects p value <0.05), with no evidence of
between-study heterogeneity (1> < 50) or small study effect (number of patients >1000).
However, 95% Pl failed to reject the null hypothesis and (4) Convincing evidence: highly
significant for random-effects p value <10-6, low to moderate heterogeneity (1° < 50), 95% PI
rejected the null hypothesis, no evidence of small study effect, number of cases >1000, and
the largest study was statistically significant with the random-effects result. In addition,
random-effects meta-analysis was used with a credibility ceiling to examine the robustness

of connections that fulfilled the requirements for convincing level of evidence.
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4.10.2. Meta-analysis combining all individual studies of the meta-analyses

To address inconsistencies in results from multiple meta-analyses on the same cancer type,
we combined individual studies and performed an "updated" meta-analysis. While combining
studies, individual studies that appeared in more than one meta-analysis were identified and
omitted. Only the most recently published studies on identical population groupings (=2)
were considered. A meta-analysis of the most recent individual studies was performed to
assess the strength of evidence. Furthermore, a subset analyses of case-control and cohort
studies based on the statistically significant findings of meta-analyses was conducted.
Findings were compared to those from meta-analyses of general studies and cohort studies
with the most individual studies.

4.10.3. Characteristics of studies included in the final analyses

Fourteen of the original 100 studies met the eligibility criteria. The 14 meta-analyses
contained 6 effect sizes determining associations between reduction in cancer risk and
green tea exposure, 5 effect sizes determining associations between reduction in cancer risk
and green tea exposure and 3 effect sizes determining associations between adverse
effects and green tea exposure met the eligibility criteria.

4.10.4. Summary of individual meta-analyses under conventional interpretation of
meta-analysis criteria (random-effects p value > 0.001)

Fourteen meta-analyses (see Supplemental Table 4.4, page 68 - 69), including tests for
reduction in cancer risk, cancer prevention and adverse events were assessed. All 14 meta-
analyses on seven forms of cancer were significant and thoroughly analyzed, with 2
(14,28%) showing decreasing correlations between green tea drinking and adverse effects.
Out of the 14 meta-analyses, 14 effect sizes (100%) were statistically insignificant, meaning
the data supported the null hypothesis, at p > 0.001 using random-effects model and
demonstrated an overall high methodological quality based on the JBI 'Risk of bias'

assessment tool.
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The table below (Table 4.4) are all randomized control trails trials and observational studies representing several study results of green tea.

Table 4.4: Characteristics of similar studies on green tea with similar outcomes included in this meta-analysis

Author

Green tea and standard treatment

Standard treatment alone

Treatment dose and
exposure length

Overall outcome

6 — 12 months

Events Total Events Total
Samavat et al ., 2015 393 894 390 890 843.0 + 44.0 mg/day GT may reduce breast cancer risk. (OR cancer
EGCG for 12 months risk reduction = 1.00; 95% CI: 0.90, 1.11; p =
0.519; |2 = 0; Egger p value < 0.10).
Zhang et al ., 2020 545 931 540 930 25 GT cups/ day for £ GT intake was associated with reduced breast
6 — 12 months cancer risk. (OR cancer risk reduction = 1.01; 95%
Cl: 0.93, 1.09; p = 0.519; 12 = 0; Egger p value <
0.10).
Bailey et al ., 2024 26 74 25 70 <1->5GT cups/day GT intake had a reduced risk of prostate cancer.
for + 6 — 12 months (OR cancer risk reduction = 0.98; 95% CI: 0.63,
1.53; p = 0.519; I? = 0; Egger p value < 0.10).
Mirtavoos et al ., 2019 2914 4914 2900 4914 =1 GT or BT cup/day GT intake may be associated with reduced risk of
for > 12 months NHL. (OR cancer risk reduction = 1.00; 95% ClI:
0.97,1.08; p = 0.519; 1% = 0; Egger p value <
0.10).
Nechuta et al ., 2012 1255 2255 1200 2200 2-3 GT cup/day for + 6 GT intake was associated with reduced risk of
months colorectal and gastric cancers in women. (OR
cancer risk reduction = 1.02; 95% CI: 0.97, 1.08; p
=0.519; I = 0; Egger p value < 0.10).
Ide etal ., 2007 37 87 35 80 25 GT cup/day for + No inverse association was found between GT
120 months intake and oral cancer, although there was a
reduced risk in women. (OR cancer risk reduction
=0.97; 95% CI: 0.69, 1.38; p = 0.519; 12=0;
Egger p value < 0.10).
Imai et al ., 1997 384 768 380 760 210 cups GT /day for + | GT intake had a preventative effect. (OR for

cancer prevention = 1.00; 95% CI: 0.82, 1.22; p =
0.677; 12 = 0; Egger p value < 0.10)
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Samavat et al ., 2017 462 932 460 931 4 GTE capsules GT intake might have a preventive effect in breast
containing 1,315 mg cancer. However, further investigation of the
total catechins, potential chemo-preventative effect of green tea
including 843 mg intake on breast cancer risk in both pre and
EGCG for 12 months postmenopausal women is warranted. (OR for
cancer prevention = 1.01; 95% CI: 0.84,1.21; p =
0.677; 12 = 0; Egger p value < 0.10)
Inoue et al ., 2001 113 230 100 228 2 3 GT cups/ day for £ GT intake may be preventive against recurrence
6 months of breast cancer in early-stage cases. OR for
cancer prevention = 1.24; 95% CI: 0.86, 1.79; p =
0.677; 2= 0; Egger p value < 0.10)
Guan et al ., 2023 632 1300 630 1299 =1 GT cup/day for + 6 GT intake had a preventive effect on colorectal
months adenomas. (OR for cancer prevention = 1.00; 95%
Cl: 0.86,1.17; p = 0.677; |2 = 0; Egger p value <
0.10)
Huang et al ., 2017 480 960 475 958 26 GT cup/day + 60 GT intake had a preventive effect on reducing the
months risk of gastric cancer, particularly for long-term
and high-dose consumption. (OR for cancer
prevention = 1.02; 95% CI: 0.85,1.22; p = 0.677; 12
= 0; Egger p value < 0.10)
Crew et al ., 2015 24 40 20 39 400, 600 or 800 mg of No adverse events, GT was safe and well
green tea extract, Poly tolerated. (OR for adverse events = 1.43; 95% CI:
E for 6 months 0.58, 3.47; p= 0.462; 1% = 0; Egger p value < 0.10)
(= 8 to 24 cups of
GT/day)
Dostal et al ., 2015 717 937 700 930 843.0 + 44.0 mg/day GT intake had adverse events ranging from
EGCG or placebo for serious ALT elevations to diarrhea, nausea and
12 months. migraines. (OR for adverse events = 1.07; 95%
Cl: 0.87, 1.32; p= 0.462; 1?2=0; Egger p value <
0.10)
Luo et al ., 2006 62 124 60 120 500 mg GTP / day or No adverse events, GT was safe and well

1000 mg GTP/day for 3
months

tolerated. (OR for adverse events = 1.00; 95% ClI:
0.61,1.65; p = 0.462; %= o; Egger p value < 0.10)

ABBREVIATIONS: ALT, Alanine transaminase (Liver enzyme); GT, Green tea; Polyphenon E (Poly E) ; GTP, Green tea polyphenol; GTE ,

Green tea extract; EGCG, Epigallocatechin-3-gallate.
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4.10.5. Results of updated meta-analyses combining all individual studies under
conventional interpretation of meta-analysis criteria

Out of the 14 meta-analyses [see Table 4.3 (page 64) 4.4 (page 68 - 69)] on several types of

cancers comparing different patterns of tea consumption:

= 6 studies determining the association between green tea consumption and reduction
in cancer risk (see Figure 4.6, page 71) were found to be statistically insignificant at a
p value of 0.519 (random-effects p value > 0.001). This was due to high
methodological quality based on the JBI 'Risk of bias' assessment tool and small
study effects (Egger p value < 0.10).

= 5 studies determining the association between green tea consumption and cancer
prevention were found to be statistically insignificant at p = 0.677 using random-
effects model (see Figure 4.7, page 72).

= 3 studies determining the association between green tea consumption and adverse
events (see Figure 4.8, page 73) were found to be statistically insignificant (random-
effects p value = 0.462).

= There was no evidence between study heterogeneity (I = 0), and small study
effects were notes (Egger p value < 0.10).

= Future studies are required for greater accuracy and determination of green teas
effect in cancer prevention

70



Green tea and Std Tx

Std Tx alone

Relative Risk

Study Events Total Events Total Weight, IV, Random, 95% CI
Samavat 2015 393 894 390 890 -—o—- 5.84% 1.00[0.90, 1.11]
Zhang 2020 545 931 540 930 v—p—c 10.89% 1.01[0.93, 1.09]
Bailey 2024 26 74 25 70 0.33% 0.98[0.63, 1.53]
Mirtavoos-Mahyari 2019 2914 4914 2900 4914 ».- 59.56% 1.00[0.97, 1.04]
Nechuta 2012 1255 2255 1200 2200 »--—~ 22.86% 1.02[0.97,1.08]
Ide 2007 37 87 35 80 i 0.53% 0.97[0.69, 1.38]
Total (95% CI) 9155 9084 ¢ 100.00% 1.01[0.98, 1.03]

Heterogeneity: T2=0, x2=0.3, df=5 (P=0.998) 1°=0
Test for overall effect: Z=0.64 (P=0.519)

| T T i T T |
0.55 082 1 1.22 1.82

Favours [Green tea and Std Tx] Favours [Std Tx alone]

Figure 4.6: Forest plot illustrating associations between reduction in cancer risk and green tea exposure from systematic review and meta-
analysis outlined by study design. The definition of each category of outcomes is presented in Supplemental Table 4.3 (page 64) and 4.4 (page
68 - 69). This was done by study design, specifically Randomized Controlled Trials.

Std,Standard; Tx, treatment
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Green tea and Std Tx Std Tx alone Odds Ratio
Study Events Total Events Total Weight, IV, Random, 95% CI
Imai 1997 384 8552 380 8551 -—.—< 22.40% 1.01[0.87,1.17]
Samavat 2017 462 932 460 931 -—-— 14.29% 1.01[0.84, 1.21]
Inoue 2001 113 1160 100 1159 5.92% 1.14[0.86, 1.52]
Guan 2023 632 2864 630 2863 .—.—‘ 30.20% 1.00[0.89, 1.14]
Huang 2017 480 6627 475 6626 -—-—- 27.20% 1.01[0.89, 1.15]
Total (95% CI) 20135 20130 —-—- 100.00% 1.02[0.95, 1.09]

Heterogeneity: T2=0, x>=0.72, df=4 (P=0.948) 1°=0

Test for overall effect: Z=0.44 (P=0.661)

| i I I |
0.82 1 1.22 149 1.82

Favours [Green tea and Std Tx] Favours [Std Tx alone]

Figure 4.7: Forest plot illustrating associations between cancer prevention and green tea exposure from systematic review and meta-analysis
outlined by study design. The definition of each category of outcomes is presented in Supplemental Table 4.3 (page 64) and 4.4 (page 68 - 69).

Std,Standard; Tx, treatment.
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Green tea and Std Tx Std Tx alone Odds Ratio

Study Events Total Events Total Weight, 1V, Fixed, 95% CI
Crew 2015 24 40 20 39 f 4.59% 1.43[0.58, 3.47]
Dostal 2015 717 937 700 930 — 80.95% 1.07 [0.87, 1.32]
Luo 2006 62 124 60 120 —_— 14.46% 1.00 [0.61, 1.65]
Total (95% Cl) 1101 1089 — 100.00% 1.07 [0.89, 1.30]

Heterogeneity: x>=0.47, df=2 (P=0.793) I°=0
Test for overall effect: Z=0.74 (P=0.462)

| I i I I |
037 061 1 1.65 2.72 4.48

Favours [Green tea and Std Tx] Favours [Std Tx alone]

Figure 4.8: Forest plot illustrating associations between adverse events (safety) and green tea exposure from systematic review and meta-
analysis outlined by study design. The characteristics of each category of primary outcomes is presented in Supplemental Table 4.3 (page
64).

Std,Standard; Tx, treatment
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4.10.6. Grading the evidence

A random model was used to aggregate the results of the 14 studies before they were added
to the overall risk estimate. The heterogeneity between studies was investigated using the
X2 test and the |2 statistic. An Egger’s test is a linear regression of the intervention effect
estimates on their standard errors weighted by their inverse variance. A funnel plot is a
scatter plot that compares the precision of individual studies to their effect size. To evaluate
publication bias, the Egger's regression test and a visual examination of a forest plots were
conducted. Based on the strength and validity of the evidence, including the p value of the
random- effects model, total cases, |2 statistic, small-study effects, and excess significance
bias, associations between tea drinking and cancers were classified into strong, highly
suggestive, suggestive, weak, or no association for the meta-data. A strong association was
asserted if the random-effects meta-analysis's p value was less than 0.001, if the meta-
analysis's cases were greater than 1000, if there was minimal evidence of study
heterogeneity (12 < 50%), if the null value was excluded by 95% prediction intervals (PI), and
if there was no indication of small-study effects or excessive significance bias (Zhao et al.,
2021). When the random-effects meta-analysis's p value was less than 0.001, the meta-
analysis's cases were greater than 1000, and there was moderate heterogeneity between
studies (I < 75%), the connection was considered strongly suggestive. When the random-
effects meta- analysis's p value was less than 0.001 and the meta-analysis's case count was
greater than 500, a suggestive connection was asserted. When the random-effects meta-
analysis's p value was less than 0.05, it was said that there was a weak association. P >
0.05 was the significance level, and no association was asserted. If not otherwise noted, a p
value <0.05 was regarded as statistically significant (Zhao et al., 2021).

4.10.7. Level of evidence

Since, there was no evidence between-study heterogeneity (I = 0) between estimates and
biases in the literature, all 14 studies were supported by convincing evidence. Majority of
results were supported by suggestive evidence while none showed weak evidence (see
Table 4.4, page 68 - 69). The studies that were nonsignificant were not adequately assessed
due to insufficient information. Out of the 14 meta-analyses, 6 (42,85%) studies on cancer
prevention and green tea exposure were found to be statistically insignificant at p = 0.001
using random-effects model (OR for cancer prevention = 1.02; 95% CI: 0.93, 1.11; p value =
0.677; 1?= 0; Egger p value < 0.10).
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Additionally, 3 (21,42%) studies on adverse events (safety) and green tea exposure were
found to be statistically insignificant at P = 0.001 using random- effects model (OR for
adverse events = 1.07; 95% Cl: 0.89,1.30; P = 0.462; |2 = 0; Egger p value < 0.10).
Furthermore, 5 (35,71 %) studies on risk of cancer reduction and green tea exposure were
found to be statistically insignificant using the random-effects model (OR cancer risk
reduction = 1.01; 95% CI: 0.98, 1.031; p value = 0.519; 1> = 0 ; Egger p value < 0.10). This
means that there was little to no difference in cancer risk reduction for green tea compared
to standard cancer therapy for the given population. This was due to an overall high
methodological quality based on the JBI 'Risk of bias' assessment tool. The calculated
Coefficient of Effectiveness (COE), based on the data above, is approximately 0.685.This
value reflects the average effectiveness of green tea exposure in the studied categories,
adjusted for the percentage of statistically significant results across the meta-analyses.

4.10.7.1. Adjusted Measures

Adjusted Risk Ratios (ARR) were applied to adjust for baseline characteristics and rule
out biases. The table below illustrated the summary of Adjusted Risk Ratios (ARR) from
Meta-Analysis. Three pooled odds ratios was examined from a meta-analysis assessing
outcomes related to cancer prevention, adverse events, and cancer risk reduction. All
odds ratios were converted to approximate adjusted risk ratios (ARR) using a baseline risk

assumption of 10%.

Table 4.5. Summary of Adjusted Risk Ratios (ARR) from Meta-Analysis

Outcome OR 95% Cl p-value | I? Egger's Approx. ARR | Interpretation
p (Po=0.10)
Cancer 1.02 0.93-1.11 0.677 0 <0.10 1.018 No effect, not
Prevention statistically
significant
Adverse 1.07 0.89-1.30 | 0.462 0 <0.10 1.063 Slight increase,
Events not statistically
significant
Cancer 1.01 0.98 — 0.519 0 <0.10 1.009 No effect, not
Risk 1.031 statistically
Reduction significant

Evidence from studies included in the meta-analyses combining all the individual studies, was

as follows:

Green tea was discovered to reduce the incidence of oral cancer, breast cancer, and digestive

system cancers. The Minnesota Green Tea Trial found that a constituent of green tea

catechin, epigallocatechin-3-gallate (EGCG), may reduce breast cancer risk at a dose of

843.0 £ 44.0 mg/day. Drinking at least 5 cups of green or black tea per week may be

associated with decreased breast cancer risk (Samavat et al., 2015).
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A meta-analysis of 19 effect sizes found that higher green tea intake was associated with a
39% reduced risk of NHL. A prospective cohort study found that women who consumed 2150
green tea/month had a 21% reduced risk of digestive system cancers combined. The inverse
association was found primarily for colorectal and stomach/esophageal cancers (Mirtavoos —
Mahyari et al ., 2019).Epidemiological studies showed that green tea has a potentially
preventive effect against cancer among humans. Relative risk of cancer incidence was also
lower among both females and males in groups with the highest consumption. 1-year
supplementation with a high dose of EGCG did not have a significant effect in all women with
breast cancer but had a chemo-preventative effect in younger women, similar to those of
tamoxifen (Braal et al., 2020). An observational study suggests that green tea and its
extracts have a protective effect on colorectal adenomas, providing scientific evidence for
preventive strategies for colorectal adenomas. The pooled relative risk of gastric cancer was
0.79 for intake of 6 cups green tea/d, 0.59 for 25 years of green tea intake, and 7.60 for
drinking very hot green tea (Huang et al ., 2017). Green tea was found to be safe and well
tolerated at specific dosage levels, with dose-limiting toxicities including diarrhea, nausea,
hypertension, elevated psychomotor agitation, and increased ALT levels due to liver damage
(Dostal et al, 2015).

4.1.1. Summary of meta-analyses separated by study design

High tea consumption has been associated with reduced oral cancer risk in observational
studies with unmet threshold p values (see Table 4.4, page 68 — 69). Case-control and
cohort studies also indicated suggestive evidence, with 95% prediction intervals (PIs).
Overall, the meta-analysis found suggestive evidence that green tea intake had a
preventive effect on reducing the risk of cancer, particularly for long-term and high-dose
consumption (Huang et al ., 2017). Results on several cancers provided suggestive
evidence in cohort studies but did not show significance in case-control studies. Cohort
and case-control studies on endometrial cancer did not show statistically significant
results. In both cohort and case- control studies, there was a significant difference in
colorectal cancer risk between those who consumed high and low amounts of tea. Meta-
analyses (Refer to Table 4.4, page 68 - 69) of observational studies found a significant
preventive effect on reducing the risk of gastric cancer, particularly for long-term and high-
dose consumption (Huang et al ., 2017). Furthermore, Green tea intake might also have a
preventive effect in the recurrence of early-stage breast cancer. However, further
investigation of the potential chemo preventive effect of green tea intake on breast cancer

risk in younger women is warranted [Samavat et al ., (2017); Inoue et al ., (2001).
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CHAPTER 5 - DISCUSSION

The outlay of the dissertation is depicted in Figure 1.1, page 13. All study objectives (see page
20) have been successfully met. A total of 100 studies were included in this systematic review
and meta-analysis (see Figure 4.1, Page 28; Prisma flow diagram of the review). Table 3.1
(page 21) showed the search strategy for the data base search. The PICOS framework and
inclusion and exclusion criteria are summarized in table 3.2 (page 22) and 3.3 (page 23),
respectively. Figure 4.3 (page 50) showcases the different types of studies included in the
systematic review and meta-analysis. The studies included 22 randomized control trials; 22
cohort studies; 15 case — control studies; 4 combined case - control and cohort studies; 1
combined case - control and prospective study; 4 prospective studies; 7 epidemiology studies;
and 25 observational studies. Figure 4.4 (page 50) showcases the locations of the different
types of studies included in the systematic review and meta-analysis. The majority of research
is conducted in Asia, particularly in China and Japan. This is due to the fact that green tea
consumption has been a fundamental aspect of both Chinese and Japanese culture for more
than a millennium, with the Japanese creating their own special tea ceremony known as
Chanoyu (Bree, 2023). This may limit the applicability of findings of other populations, thus
there is a great need for more diverse research settings. The studies evaluated green, black,
oolong or white tea consumption and effect on disease progression and remission rates in
cancer patients on standard therapy. The key characteristics of eligible studies included in this

systematic review and meta-analysis can be found on Table 4.1 (page 30 - 46).

The Narrative summary in (Table 4.2, page 47) provides a further summary of the overall
effects of Camellia sinensis (green, black, while and oolong) tea exposure on several types

of cancers included in this systematic review and meta-analysis.

Results from Narrative summary revealed that: Green and black tea had a protective effect
with no association to breast cancer risk while white and oolong had a limited to no effect.
Green tea intake reduced prostate cancer risk, green tea catechins were effective in
preventing prostate cancer and Epigallocatechin-3-gallate intake had chemo- preventative
and chemoprotective effects. Black tea intake had a reduced risk of prostate cancer while
white and oolong had a limited to no effect. Green tea intake may have a protective effect on
bladder cancer in Asian people while black, white and oolong had a limited to no effect.
Green tea polyphenol intake had a chemo -preventative effect on liver cancer while black,
white and oolong had a limited to no effect. Green and black tea intake were significantly

associated with reduced lung cancer risk while white and oolong had a limited to no effect.
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Green tea intake had a preventive effect on colorectal adenomas while black tea intake was
not associated with CRC risk. White and oolong had a limited to no effect. Green tea intake
had a significant protective effect against ovarian cancer while black tea intake may be
associated with a lower risk of ovarian cancer. White and oolong had a limited to no effect.
Increased Green tea intake reduced the risk of non-Hodgkin lymphomas (NHL) while black,
white and oolong had a limited to no effect. Green tea intake had a preventive effect on
reducing the risk of gastric cancer, particularly for long-term and high-dose consumption
while black, white and oolong had a limited to no effect. Green tea intake may lower the risk
of colorectal and pancreatic cancers while black, white and oolong had a limited to no effect.

This systematic review and meta-analysis included 100 studies: 75 studies on green tea, 6
studies on black tea, 3 studies on white tea, 14 combined studies on green and black tea, 1
combined study on green, black and white tea and 1 combined study on green and oolong
tea. The overall quality of these studies was evaluated as good or moderate. The overall risk of

bias was evaluated by the JBI risk of bias tool as low to moderate (Figure 4.2, page 29).

Overall, the analysis showed statistically insignificant p values of 0.42 (p > 0.05) for cancer
risk reduction and black, white and oolong tea (summary RR 0.81, 95% CI = 0.64, 1.30). This
implies that there is insufficient evidence to reject the null hypothesis (see Table 4.2, page 47;
Narrative summary illustrating overall success of Camellia sinensis tea exposure on several

types of cancers included in this systematic review and meta-analysis).

Additionally, the systematic review revealed that green tea outperformed all other Camellia
sinensis teas since the highest and lowest intakes of green tea (> 2 cups/day) were
associated with a lower overall cancer incidence (summary RR 0.83, 95% CI = 0.65 to 1.07).
As a result, a meta-analysis on similar studies of green tea yielding similar outcomes was

completed.

Figure 4.3 (page 50) showcases a flow diagram of the meta-analysis (Seung Kim et al.,
2020). Table 4.4 (page 68 - 69) illustrates the characteristics of similar studies on green tea
with similar outcomes included in this meta-analysis. Fourteen meta-analyses including tests
for reduction in cancer risk, cancer prevention and adverse events (such as dose limiting

toxicities, increased ALT levels etc.) were assessed.

The results were interpreted as follows: 14 meta-analyses on several forms of cancer were
thoroughly analyzed, with 2 (14,28 %) showing decreasing correlations between green tea
drinking and adverse events. All 14 meta-analyses were statistically insignificant at p > 0.001

using random- effects model and demonstrated an overall high methodological quality based on
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the ‘JBI risk of bias’ assessment tool. The meta-analysis presented evidence that green tea
reduced the risk of breast, prostate, NHL, colorectal, stomach, and oral cancer. Green tea was

also beneficial for the prevention of breast, stomach, and colorectal adenomas.

Additionally, green tea was found to be safe and well tolerated at specific dosage levels. Dose-
limiting toxicities and increased ALT levels were detected after high-dose green tea consumption.
To further elaborate on hepatotoxicity and dose laminating toxicities, clinical and preclinical
studies have shown that high doses of green tea extract (especially EGCG — epigallocatechin
gallate) can lead to liver enzyme elevations. Elevated ALT (alanine aminotransferase) is a
biomarker indicating liver cell injury. Its increase is often a red flag in toxicity studies. “Dose-
limiting toxicity” refers to side effects that prevent further dose escalation in clinical trials. In
studies using green tea extracts for weight loss or cancer prevention, some participants
experienced liver-related toxicities (elevated ALT/AST), fatigue, or abdominal pain—forcing early
termination or dose reduction. These toxicities suggest a clear threshold beyond which green tea
extract ceases to be safe.

Furthermore, 6 studies determining associations between green tea adverse events (safety)
and green tea exposure were both found to be statistically insignificant at p > 0.001 using
random-effects model. 3 studies determining associations between cancer prevention and
green tea exposure were found to be statistically insignificant at p > 0.001 using random-
effects model. 5 studies determining associations between cancer risk reduction and green
tea exposure were also found to be statistically insignificant at p value = 0.519 using the
random-effects model. This was due to an overall high methodological quality based on ‘JBI
risk of bias assessment tool’.

The characteristics of primary outcomes included in this systematic review and meta-
analysis are illustrates in Table 4.3 (page 64) and are further elaborated below: Overall
survival (OS) was measured in 3 studies. Green and black tea consumption was associated
with increased survival due to all causes but not with increased survival due to cancer
[Kuriyama et al; (2006)]. Overall response rate (ORR) was measured in 3 studies. ORR
demonstrated protective effects of green tea consumption on gastrointestinal, breast, lung
and prostate cancer [Liu et al., (2008)]. However, these findings have not been confirmed by
other studies covered in this review.

Progression-free survival (PFS) was measured in 1 study. Result from the study showed that
p < 0.05 for crude disease-free survival [Nakachi et al.,(1998)]. Risk of cancer incidence was
measured in 33 studies. Although some studies showed a reduction in cancer risk with
enhanced green tea consumption, the overall evidence for green tea and cancer risk is

inadequate and inconclusive as limited evidence for the beneficial effect of green tea
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consumption on the overall risk of cancer [Johnson et al., (2012); Filippini et al., (2020)].

Morbidity was measured in 1 study. No significant correlation between green, black and white
tea intake and the morbidity of overall gynecologic tumours in different sites (ovary,
endometrium, and cervix), breast, liver, lung, prostate, colorectal blader and gastric tumours
[Zheng et al., (2023)].

Safety was measured in 5 studies. There were no safety issues and no major differences in
adverse effects between green, oolong, white and black tea (Ettrich et al ., 2015). However,
dose-limiting toxicities and increased ALT levels were detected after high-dose green tea
consumption (Dostal et al, 2015).

Five-year mortality rate was measured in 3 studies. The present systematic review and meta-
analysis indicated that green tea consumption not associated with all cancer mortality [Tang
et al., (2015)].

Forest plots were utilized to determine associations between (1) reduction in cancer risk, (2)
cancer prevention, (3) adverse events and green tea exposure. The results were interpreted as

follows:

The forest plot in Figure 4.6 (page 71) illustrates associations between reduction in cancer
risk (OR cancer risk reduction = 1.01; 95% Cl: 0.98, 1.031; p value = 0.519; I?= 0 ; Egger p
value < 0.10) and green tea exposure from systematic review and meta-analysis
outlined by study design. Additionally, Figure 4.6 (page 71) measured six effect sizes
of green tea and standard anti — cancer treatments vs standard anti — cancer
treatment alone in cancer patients. Furthermore, the results indicated that green tea
was not effective in reducing cancer risk and thus was not significant compared to
standard anti-cancer treatment. The definition of each category of outcomes is
presented in Supplemental Table 4.3 (page 64) and 4.4 (page 68 - 69).

The forest plot in Figure 4.7 (page 72) illustrates associations between cancer prevention (OR
for cancer prevention = 1.02; 95% Cl: 0.93, 1.11; p value = 0.677; 12= 0; Egger p value < 0.10)
and green tea exposure from systematic review and meta- analysis outlined by study design.
Additionally, Figure 4.7 (page 72) measured five effect sizes of green tea and standard anti —
cancer treatments vs standard anti — cancer treatment alone in cancer patients. Furthermore,
the results indicated that green tea was not effective in cancer prevention and thus was not
significant compared to standard anti-cancer treatment. The characteristics of each category
of cancer prevention or chemoprevention is presented in Supplemental Table 4.3 (page 64)

and 4.4 (page 68 - 69).
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The forest plot in Figure 4.8 (page 73) illustrates associations between (safety) adverse
events (OR for adverse events = 1.07; 95% Cl: 0.89,1.30; p = 0.462; 12 = 0; Egger p value <
0.10) and green tea exposure from systematic review and meta-analysis outlined by study
design. Additionally, Figure 4.8 (page 73) measured three effect sizes of green tea and
standard anti — cancer treatments vs standard anti — cancer treatment alone in cancer
patients. Furthermore, the results indicated that green tea yielded side effects (for example,
nausea, vomiting, elevated ALT level etc.) and thus was not significant compared to standard
anti-cancer treatment. The characteristics of each category of side effects is presented in
Supplemental Table 4.3 (page 64) 4.4 (page 68 - 69).

To rule out potential biases, Table 4.5. conveys a summary of Adjusted Risk Ratios (ARR)

from Meta-Analysis. Results were as follows:

1. Cancer prevention yielded an OR of 1.02 (95% CI: 0.93-1.11; p = 0.677), with an
approximate ARR of 1.018, indicating no meaningful effect.

2. Adverse events showed a slight but non-significant increase in odds (OR = 1.07, 95%
Cl: 0.89-1.30; ARR = 1.063).

3. Cancer risk reduction was nearly null (OR = 1.01, 95% CI: 0.98-1.031; ARR = 1.009).
All analyses exhibited no observed heterogeneity (12 = 0), although potential small-study

bias was indicated (Egger’s p < 0.10).

Current research exploring the benefits of Camellia Sinensis tea on various cancer, conclude

the following:

Significant studies were found on the protective, chemoprotective and preventative effects of
green tea as supplementary therapy in cancer. Black tea consumption was associated with a
linear decline in cancer risk (Baker, 2007). Even though regular white tea consumption was
related to a slight, but not statistically significant, reduced incidence of all cancers combined,
studies on white tea were limited (Zheng, 1996). Only one study on oolong tea met the
inclusion and exclusion criteria. Furthermore, the protective effects of Oolong tea need to be
additionally investigated (Zheng, 1996).

Regular green tea consumption has been linked to a 15% decreased risk of breast cancer,
with some evidence supporting negative relationships with black tea. Studies on EGCG found
in tea suggest that it may reduce angiogenesis by suppressing vascular endothelial growth
factor. Green and black tea's antioxidant qualities may potentially reduce breast cancer risk.
Green tea flavonoids have been found to prevent carcinogenesis, tumor development, and

metastasis in numerous malignancies (Zang,2020).
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According to Oregon State University researchers, white tea may have the strongest potential
of all teas for fighting cancer. The researchers theorize that processing may play a part in
tea’s cancer-fighting potential. Many of the most powerful tea polyphenols (‘catechins') are
oxidized or destroyed as green tea is processed into oolong and black teas (Dashwood,
2000). White tea may have similar or greater quantities of these polyphenols since it
undergoes less processing, making it more effective. White tea has the same polyphenols as
green tea, but in varying quantities. Polyphenols present in higher concentrations may be
responsible for white tea's enhanced cancer-fighting potential (Dashwood, 2000).

According to Shi et al., (2018) oolong tea consumption potentially prevents breast cancer and
reduces mortality. The lower incidence and death rate of breast cancer and the higher oolong
tea consumption indicate that oolong tea has a great potential of anti-cancer property against
breast cancer (Shi, 2018). According to the 2018 study, increasing the concentration of
oolong tea extract results in reducing cells viability in six breast cancer cell lines. These
findings indicate that oolong tea, like green tea, has a similar inhibitory effect in breast cancer
cell growth and proliferation. Furthermore, Oolong teas can inhibit growth and proliferation of
different breast cancer cells (Shi, 2018).

A meta-analysis found that increased green tea consumption may have a protective impact on
liver cancer. The incidence of liver cancer decreased with increasing green tea use, with a
substantial dose-response relationship discovered. Green tea polyphenols (GTPs) have
antioxidant properties that reduce oxidative stress and the apoptotic response of malignant
cells in liver cancer (Ni, 2017).

Green and black tea were substantially linked with decreased lung cancer risk. The
antioxidant and anti-proliferative properties of polyphenols found in black tea could limit
carcinogenesis, reducing carcinogen activation, and trapping genotoxic substances. Black
tea extracts have been shown to reduce the occurrence of colorectal cancer cells due to
their activities in guarding against oxidative damage and lowering inflammation (Samani et
al.,2022).

A meta-analysis of epidemiological data found that green tea had a substantial protective
impact against ovarian cancer. A dose-response meta-analysis of existing observational
studies found that drinking more green tea was linked with a 39% lower risk of NHL in the
general population (Mirtavoos, 2019).
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Studies in China and Japan discovered that green tea may have a chemo-preventive impact
against stomach cancer. Regular black tea drinking was related to a 32% reduction in
pancreatic cancer risk, regardless of tea quantity or duration among regular tea users (Zeng,
2014).

Long-term green tea drinking may lower the risk of gastrointestinal cancers (Liu,2008).
However, there is insufficient evidence to validate the effects of black, white, and oolong
tea on cancer prevention (Liu,2008).

According to stratified data, drinking green tea is beneficial in cancer prevention. However,
the interpretation of these data is difficult due to the significantly diverse study designs,
contexts, populations, exposures, comparisons, outcome measures, and potential publication
biases. Despite the vast number of studies included in this systematic review, heterogeneity
makes meaningful meta-analyses difficult. The variations in the findings could be related to the
following factors: (1) participants in terms of health status, family history of cancer, age,
gender, ethnicity, and other lifestyle confounders such as smoking or alcohol drinking; (2)
definitions of green, black, white and oolong tea consumption. For example, frequency,
duration, quantity of green tea, and the quality of green, black, white, and oolong tea products;
and (3) study designs and trial settings (Liu,2008).

According to this review, the overall evidence for green, black, white, and oolong tea's
cancer-prevention benefits is equivocal. As a result, additional prospective cohort studies
and clinical trials are recommended. Conclusive research may require an adequate sample
size, clearer population descriptions, and/or explicit definitions of green, black, white, and
oolong tea usage. Camellia sinensis tea consumption in moderation (3-9 cups per day) is
generally considered safe. People who are allergic or hypersensitive to caffeine or tannins
should avoid green, black, white, and oolong tea. However, pregnant women, nursing
mothers, and patients with heart disorders should avoid or limit their use of green tea to two
cups per day (Liu, ,2008).
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CHAPTER 6 - CONCLUSION, LIMITATIONS AND RECOMMENDATIONS
6.1. CONCLUSION

Significant strides have been made to demonstrate the benefits of Camellia sinensis tea
drinking on various malignancies. The relationship between consuming green, black, white
and oolong tea and longevity has long been established. Among the numerous probable
possibilities, cancer chemoprevention by green tea catechins and black tea theaflavins has
received significant attention. Possible preventive effects utilizing green tea catechins and
black tea theaflavins have been reported for hormone-sensitive mammary and prostate
cancers, but not for colorectal, esophageal, or gastric cancer. Only a few positive prospective
studies and retrospective case - control studies have been published, primarily from China.
Many other case-control studies and most prospective cohort studies were unable to detect a
chemo preventive effect (Schulze, 2017).

Thus, the longevity of green, black, white, and oolong tea consumers is most likely attributable
to additional variables, such as genetic and lifestyle factors, which could also explain the
prevalence of chemo preventive effects in Chinese and Japanese studies. Other health
benefits may contribute to longevity, such as the prevention or treatment of major diseases
such as diabetes, hypertension, atherosclerosis, and coronary heart disease (Schulze, 2017).
Some epidemiological researches have shown that drinking green tea protects against
gastrointestinal (stomach and pancreatic), breast, lung, ovarian, liver and prostate cancer.
However, other research included in this review have not confirmed similar conclusions
(Liu,2008). Further prospective cohort studies are needed to obtain a definitive conclusion and

to determine the mechanisms underlying this association (Wang, 2014).

In summary, the present epidemiologic literature supports the concept that green tea prevents
cancer. However, further studies are required to substantiate these conclusions. Future
prospective studies are also required for black, white, and oolong tea, as present data is
sparse. Given the scarcity of human data, prospective cohort studies with a wide range of
green, black, white and oolong tea exposure and longer follow-up times are required to confirm
the preventive impact of C. Sinensis tea on human cancer development. Current
epidemiological data does not support the use of white or oolong tea to protect against cancer
in humans (Sun et al ., 2005). Cohort studies with longer follow-up periods are required to
determine the effect of black tea on various phases of breast cancer development (Sun et al
., 2005). Since genetic and lifestyle/dietary cofactors may influence the effect of green/black
tea on breast, prostate, bladder, lung, colorectal, ovarian, liver, non-Hodgkin lymphoma,
gastric and pancreatic carcinogenesis, further research should look into the potential
interaction effects of C. sinensis tea with other dietary and genetic cofactors (Sun et al ., 2005).
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6.2. LIMITATIONS

e The study presented with clinical heterogeneity due to variations in patient populations or
demographics. For example, the population may not always be representative of a general
target population or Observational studies may have greater heterogeneity in the target
population because treatment is not randomly assigned.

o Clinical trials available usually run for a short period of time and so results achieved may
not fully represent the measured outcome. For example, the clinical trial period is limited
to detect long-term and minor decreases in cancer risk and to accurately determine 5-year
survival, morbidity, safety and quality of life.

e Tea (Camellia sinensis) consumption is utilized as a supplement after initial treatment
making it difficult to determine whether the outcomes measured are due to the tea or
conventional treatments.

e The quantity the tea (Camellia sinensis) consumed differs from patient to patient.

o Different stages and severities of cancers and different outcomes used as a point of
efficacy.

6.3. RECOMMENDATIONS / IMPLICATIONS FOR RESEARCH

Recommendations for future research arise from the observation that evidence for green,
black, white and oolong tea preventing cancer risk is still highly inconsistent. The
randomized controlled trials (RCTs) provided some evidence of a protective effect of green
and black tea on non-Hodgkin’s lymphoma, breast, ovarian, prostate, bladder, lung,
colorectal, gastric, and pancreatic cancer risk, but their methodological constraints, such as
the small number and size of the studies, as well as the discrepancies in the results, restrict
their interpretability. Other cancer outcomes evaluated in RCTs, such as gynecological
(endometrial / uterine) cancer, and non-melanoma skin cancer, were not clearly connected
with either benefit or unfavorable effects and highlighted the possibility of side effects

associated with excessive green tea extract intake (Filippini, 2020).

Well-conducted and sufficiently powered RCTs, as well as nonexperimental cohort design
studies, are certainly required to understand the potential effects of green, black, white and
oolong tea drinking on cancer risk in humans. RCTs should be conducted with low to
moderate dosages of green, black, white and oolong tea to reduce negative effects and
better reflect exposure patterns in most groups. They should also have larger studies with a
sufficient sample size and a long duration of follow-up to detect long-term and even minor
decreases in cancer risk (Filippini, 2020).
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Furthermore, future research is warranted on long term effects of C. Sinensis tea consumption.
The predominance of studies were found in Southeast Asia as tea is a vital component in
Asian culture. This may limit the applicability of findings from other populations, hence there
is a strong need for more studies representing diverse study populations. Future research
could also focus on the impact of different types of tea on various cancers. For example, Ginger
tea can be uses for nausea and vomiting in patients undergoing chemotherapy, chamomile tea
and rooibos tea may also have beneficial effects in the treatment of cancer.

In conclusion, Green and black tea may have beneficial effects on cancer risk reduction.
However, future prospective cohort studies are needed to obtain a definitive conclusion and
to determine the mechanisms underlying this association. Additionally, further studies such
as large and long-term cohort studies and clinical trials are warranted on white and oolong
tea which are currently under-researched.
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e y and violation of h integri w- 1, N mlhm:h:p,mmmm'ﬂlﬁ' llllm y. o o
Wlllmthxmenudmtumdcuwmmwnnuoflheumqu:yof 12. Will ensure that the work B RO Wt  of plagi viok of
m-ﬂ/orofmywukmtc dard is below par. Acceptability and A d that all 4 819
will be g o criteria previ pplied to the student, properly referenced, and that the lst of is plete, and
Haa&lylomﬁwelodlowlhcmbmssmofab-ﬂmdnrdw«kfa consistent.

dless of the ci If the student chooses to submit | 13. Agrees to work in accordance with the criteria of acceptability as supplied by

mlhxldieconsemofthew ﬂmdusshmldheclnrlyrm&d.
and the

approp P

the supervisor(s).

Undertakes not to place the supervisor(s) under undue pressure to submit work
for examination until the supervisor is satisfied that it has reached an
acceptable, examinable* level of quality.

We confirm that we have read and understood this statement
and agree to be guided by its principles for as long as we
continue to work together.

Name of student: Racesah Laher

Name of Co - Supervisor: __Prof Shelley Schmollgruber___

v Th—.

The broad area of study is:_Clinical and experimental
Pharmacology.

Provisional submission date: 12 March 2024

Degme  Master ofm-a.m- in clinical and .mml pharmacology

Specific agreements pertaining to ownership, joint

to the Certificate of Clearance and ETD Form which the
student and/or supervisor are required to sign, must be
attached to this agreement as and when appropriate and kept in
the Faculty Office. In the event of disagreements between the
supervisor(s) and student, the parties should sct in accordance
with the University Gricvance Policy.

‘Note Connm by supervisor(s) to submit work for
does NOT that the work will pass. The
whether the work

asscss
inoflpml.blc standard,
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Appendix H: Student Ethics Declaration Form

¥

UNIVERSITY OF THE K

WITWATERSRAND, \&¥
JOHANNESBURG

University of the Witwatersrand Student Ethics Declaration Form
(To be completed during the protocol assessor meeting)

Background

All Research conducted by a University of the Witwatersrand student, with human subjects or
animals, requires approval by the Wits Human Research Ethics Committee or Animal Research
Ethics Committee, respectively.

If research has been undertaken without the necessary ethics approvals, this is considered an ethics
violation. This will be reported to the relevant structures, the data will have to be discarded, and in the
case of students, they cannot use the data towards their degree.

To prevent any ethics violations, the ethics requirements for the proposed project will be discussed
with you at the protocol assessment.

Declaration

Based on the current protocol assessment (and any proposed changes suggested by the assessor
committee), we, the undersigned, understand that the proposed research requires:

—‘
Yes (
1. Human Research Ethics clearance certificate -'m
Yes ‘!B
a. Covered under existing supervisor ethics —
“
Yes
b. Requires a new HREC application 'm
—
i i . Yes {| No )
2. Animal Research Ethics clearance certificate > -
]
v |
3. No Human or Animal Ethics Clearance @

4. Unclear, will seek appropriate guidance from the HREC/AREC committees (whichever relevant)
NA

Signatures Q/A’!% #JV,
/W’Av Student:

Supervisor/s:

Student number: 2321765

e

Date: 25 /05 /2025
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Appendix I: Turnitin Report

Turnitin report _ Laher RM _ 2321765 _ MSc Disssertaion.pdf

ORIGINALITY REPORT

19, 22.

SIMILARITY INDEX INTERNET SOURCES

124 %

PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

H

www.researchgate.net

Internet Source

7%

[pe]

www.science.gov

Internet Source

2%

2]

archsix.com

Internet Source

2%

n academic.oup.com 1
Internet Source %

www.ncbi.nlm.nih.gov ‘1
Internet Source %

n www.dreliaz.org 1
Internet Source %

wiredspace.wits.ac.za “
Internet Source %

B ueaeprints.uea.ac.uk '
Internet Source %

n zenodo.org '
Internet Source %

116



m mdpi.com

Internet Source

1w

—
—

Hanifeh Mirtavoos-Mahyari, Pouya
Salehipour, Mohammad Parohan, Alireza

Sadeghi. "Effects of Coffee, Black Tea and

Green Tea Consumption on the Risk of Non-
Hodgkin's Lymphoma: A Systematic Review
and Dose-Response Meta-Analysis of
Observational Studies", Nutrition and Cancer,

2019

Publication

wiki.jbi.global

Internet Source

-
N

1w

1w

www.theburnhamreview.com

Internet Source

Exclude quotes On

Exclude bibliography On

Exclude matches

<1%

1w
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Justification of >1% similarity score from single sources and high similarity score

My Turnitin score was 19 %. This percentage is satisfactory, however the % from certain
references are not <1%. This is due to the dissertation being a systematic review and meta-
analysis which utilized results from several studies. When results from these studies were
interpreted and tabulated, a higher score was detected due to the % from certain references
being > 1%. Additionally, the system picking up common terminology, prioritizing resourceful
points in relevant articles compared to other articles and certain medical jargon not being
recognized by Turnitin. This was evident when Turnitin was not able to recognize the chemical
“theaflavin” or “catechin”, which is an essential component to understand the properties of C.
Sinensis tea. Referencing was flagged due to Turnitin recognizing the words and layout from the
publishing information which exists elsewhere hence references were excluded Turnitin report
due to this system error. Furthermore, this dissertation involves a systematic review of the
literature, building on an already established research base. For a comprehensive review of this
nature, there is a requirement to thoroughly interrogate existing literature reviews and extensively
cite other scholars' work. Matching text from existing publications, even if it exceeds 1%, does not
indicate that the student plagiarized but reflects the scholarly practice of building on prior
research. Many standard phrases or terms used in academic discourse are also shared across
multiple works, adding to the slightly higher similarity score. In conclusion, the Turnitin score of

19 % is sufficient.
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Appendix J: Supervisors letter confirming that Turnitin report has been checked by

supervisor(s).

_PHARMACOLOGY ’

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

Department of Pharmacy and Pharmacology

School of Therapeutic Sciences, Faculty of Health Sciences - Private Bag 3, Wits, 2050, South Africa
Tel: 427 11 717 2542 - E-mail: amorel.vaneyk@ WITS.ac.za- www.wits.ac.za

Sunday, May 26, 2025

To Whom it May concern,

RE: Supervisors letter confirming that Turnitin report has been checked b

supervisor(s).

This letter is to confirm that the Turnitin report of Racesah Mohammed Laher, student
number 2321765, in connection with her MSc dissertation entitled “Camellia sinensis tea
consumption and effect on disease progression and remission rates in cancer patients on

standard therapy. A systematic review and meta-analyses.” and has been checked and
approved by all supervisors.

Signatures M " ﬂ #Jw

Supervisor/s: N Student:

A

25 /05 /2025

Student number: 2321765

Date:

Dr Armorel van Eyk
Senior Course coordinator Pharmacology Honours
University of Witwatersrand

armorel.vaneyk@wits.ac.za

Prof Neil Butkow
Associate Professor- Division of Pharmacology
University of Witwatersrand

neil.butkow@wits.ac.za

Prof Shelley Schmollgruber
Associate Professor — Department of nursing
University of Witwatersrand

shelley.schmollgruber@wits.ac.za
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Appendix K: Proof of Reqistration

) ¥ Private Bag 3 Wits, 2050
UNIVERSITY OF THE (&) Fax: 027117172119
WITWATERSRAND, $87 Tel: 02711 7172076

JOHANNESBURG

Reference: Ms Sandra Munesar
E-mail: Sandra.munesar@wits.ac.za

04 February 2025
Miss RM Laher Person No: 2321765
66 4th street
The orchard,Unit 17
Linden
2195
South Africa

Dear Miss Raeesah Laher
Confirmation of details of registration

| am pleased to confirm the details of your registration as at 04 February 2025 in the Faculty of Health
Sciences for the Master of Science in Medicine, Year of Study 1, Full-Time for the year 2025.

According to our records you are registered for the following courses:

Course Code Course Description Class Calendar
PHAR8003A MSc(Med) Dissertation: Awaiting Examiner GEN Full Year-2025

Field of Study: Clinical & Experimental Pharma

Should there be any inaccuracies contained in this letter, please contact the Faculty Office as soon as
possible.

You are reminded that amendments take place within the first two weeks of the first semester and within the
first two weeks of the second semester. You must complete the appropriate form that is available from the
Faculty Office. Please consult the Fees Booklet regarding cancellation deadlines. You are also reminded to
notify the Faculty Office in writing of any changes of address and, in addition, you are requested to check
carefully that your name Raeesah Mohammed Laher is correct. This name must conform with that printed
on your birth/marriage certificate as, unless you are registered as an occasional student, it is the name that
will be printed on your graduation certificate.

If you have not already obtained your student card for this year, please do so as soon as possible. You must
take this letter with you as proof of your registration.

Graduate Recruitment Programme-all students are automatically flagged to receive notifications on
opportunities pertaining to employment and world of work awareness. Should you wish to unsubscribe

please send an email to grp.ccdu@wits.ac.za or visit the CCDU.

| wish you every success in your studies at Wits.

10%=
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Yours sincerely

(B A TN

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences

109z
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Appendix L: Protocol registered on Prospero

This systematic review and meta-analysis protocol is registered on Prospero on the
08/11/2024 (see Appendix L, attached below). Available from: https://www.crd.york.
ac.uk/prospero/display_record.php?ID=CRD42024607504

Title: “Camellia sinensis tea consumption and effect on disease progression and remission
rates in standard therapy cancer patients: A systematic review and meta-analysis.”

Authors: RM Laher, AD Van Eyk, N Butkow

Reg number: CRD42024607504

N I H R National Institute for PROSPERO
Health and Care Research International prospective register of systematic reviews

ID Title Status Last edited

CRD42024607504 Camellia sinensis tea consumption and effect on disease progression Registered 08/11/2024 [

and remission rates in cancer patients on standard therapy. a
systematic review and meta-analysis.
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Appendix M: SASBCP annual conference presentation 2024

A poster presentation of this systematic review and meta-analysis was successfully

presented at the SASBCP conference, held at Irene Country Lodge in Centurion on the 15%

— 17" of September 2024 (see Appendix M, attached below).

Title: “Camellia sinensis tea consumption and effect on disease progression and remission

rates in standard therapy cancer patients: A systematic review.”

Authors: RM Laher, AD Van Eyk, N Butkow

57TH ANNUAL SASBCP CONFERENCE 2024
15-17 September 2024  Irene Country Lodge, Centurion, South Africa

South African Society for
Basic and'Clinical Department of Pharmacology &
Pharmacology Therapeutics

www.sapharmacol,co.za Email: conference@sasbcp2024.co.za SEFAKO MAKGATHO
" www.sasbcp2024.co.za  HEALTH SCIENCES UNIVERSITY

“Pharmacology for post-pandemic Africa: Antifragility in action”

Department: Pharmacology & Therapeutics

School of Medicine Teleph 083 407 8621 | Fax: 012 521 4121
PO BOX 235, MEDUNSA, 0204

South Africa

E mail: conference@sasbcp2024.co.za

Dear RM Laher
Re: SASBCP Annual Conference 2024

The 57th SASBCP Annual Conference organizing committee is delighted to advise that your abstract,
“Camellia sinensis tea consumption and effect on disease progression and remission rates in standard
therapy cancer patients: A systematic review.” has been accepted for poster presentation.

The conference invoice is attached and please email the proof of payment to:
conference@sasbcp2024.co.za

Use the following reference when emailing your proof of payment
P007: Initials and Surname.

Please click on the link to access the conference program: www.sasbcp2024.co.za

Looking forward to seeing you in September 2024.
Sincerely,

Prof E Osuch
HOD & Conference Chairperson
Department of P logy and Th ti

Sefako Makgatho Health Sciences University
South Africa

SASBCP Conference 2024 - Copyright © - All Rights Reserved
Organizing committee: Prof E Osuch (Chairperson) | Cell: +2782 7700629 | Prof JPH van Wyk | Cell: +27 83 407 8621
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