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Female hormone-dependent cancers rely on estrogen for growth and include
breast, uterine and ovarian cancers. Although preclinical studies indicate that
green tea extracts and polyphenols derived from green tea exhibit anti-tumor
effects without mimicking estrogen like phytoestrogens, clinical evidence
remains scarce. To explore the potential of green tea products in inhibiting
these cancers, we conducted a meta-analysis of preclinical data. We evaluated
the effects of green tea extract (GTE), green tea polyphenol-enriched product
(GTP), and epigallocatechin gallate (EGCG) on tumor growth indices in mouse
and rat models of breast, ovarian, and uterine cancers. A comprehensive search
of PubMed, Web of Science, and Google Scholar (1998-2024) identified 20
studies for inclusion. Pooled analysis showed significant reductions in tumor
volume (Hedge's g = -2.332, 95% Cl = -3.067 to -1.596, p = 0.000) and tumor
weight (Hedge's g = -2.105, 95% Cl = -2.746 to -1.463, p = 0.000). Subgroup
analysis revealed that GTE and EGCG reduced breast and ovarian tumors, while
EGCG had no significant impact on uterine cancer. Significant heterogeneity was
observed across studies. No consistent adverse effects were reported in the
included studies, though liver function parameters were not assessed. These
findings highlight the necessity for targeted clinical trials to assess the distinct
benefits of each tea-based product for various cancer types.

green tea extract, green tea polyphenols, breast cancer, ovarian cancer, uterine cancer,
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Introduction

Female hormone-dependent cancers, particularly breast,
ovarian, and endometrial cancers, remain a significant health
challenge worldwide. Breast cancer, in particular, is the most
prevalent malignancy among women, accounting for
approximately 25% of all female cancers globally (1). These
cancers are largely driven by hormonal factors, such as estrogen
and progesterone, which regulate tumor growth, proliferation, and
survival. Although hormone therapies, such as selective estrogen
receptor modulators (SERMs) and aromatase inhibitors, are
effective treatment options, issues like drug resistance, recurrence,
and adverse effects highlight the need for alternative or adjunctive
therapeutic strategies (2).

In recent years, natural products and dietary supplements have
gained attention for their role in cancer prevention and therapy (3).
Tea (Camellia sinensis), particularly green tea, is notable for its high
polyphenol content, especially catechins like epigallocatechin
gallate (EGCG), a major catechin constituent (4) known for its
antioxidant, anti-inflammatory, and anti-cancer properties (5).
Green tea, unfermented and high in catechins, has been the focus
of numerous studies, with its extracts standardized with well-
established bioactive profile. As a result, green tea extract (GTE),
green tea polyphenols-enriched extract (GTP) and EGCG have
shown significant anti-cancer potential in preclinical models,
highlighting the therapeutic promise (6).

Several in vitro and animal studies have indicated that GTE,
GTP and EGCG exert anti-carcinogenic effects by targeting
multiple molecular pathways (7). These pathways include the
inhibition of cancer cell proliferation, induction of apoptosis,
suppression of angiogenesis, and modulation of hormone receptor
signaling pathways (4). Notably, in hormone-dependent cancers,
these compounds appear to interfere with estrogen receptor (ER)
activity, reduce estrogen synthesis, and modulate the cell cycle,
leading to reduced tumor growth and progression (8, 9). EGCG, the
most studied tea catechin, has been shown to inhibit the growth of
ER+ breast cancer cells and to enhance the effects of standard
therapies such as tamoxifen (10). Similarly, GTPs have
demonstrated the ability to modulate critical signaling pathways,
including those involved in hormone synthesis and receptor
signaling, in animal models of hormone-dependent cancers (11).
These findings suggest that GTPs could be valuable adjuncts to
conventional therapies, particularly in preventing or overcoming
drug resistance. However, translating these preclinical results into
clinical practice remains a challenge due to the lack of robust
human studies.

Despite the current absence of clinical evidence, a
comprehensive evaluation of robust preclinical studies can yield
pivotal insights into the therapeutic potential of tea-based products
in female hormone-dependent cancers, providing a compelling
rationale for clinical oncologists to design and conduct
translational trials that bridge the gap between laboratory findings
and clinical practice, ultimately informing evidence-based decision-
making and paving the way for innovative treatments. Towards this
aim, this systematic review and meta-analysis evaluates the
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preclinical efficacy of green tea extracts, polyphenol-enriched
formulations, and the most abundant purified flavonoid in female
hormone-dependent cancers, assessing their therapeutic potential
and informing future clinical investigations.

Material and methods
Search strategy

We conducted the literature search using three electronic
databases, namely PubMed Medline, Web of Science, and Google
Scholar to identify the studies that evaluated the effect of GTE,
GTPs and individual components of tea polyphenols (TPs)
including epicatechin, epigallocatechin, epicatechin gallate,
EGCG, theaflavin-3,3’-digallate, thearubigins and theabrownins
on tumor growth in experimental animal models by measuring
tumor volume (TV) and tumor weight (TW) of female hormone-
dependent cancers. The animal models used in the included studies
are xenograft tumor models, ovariectomized xenograft tumor
models, orthotopic tumor models, and patient derived xenograft
(PDX) tumor in mice or rats. We searched different databases
without specifying the timespan. The search terms included various
components, including “Green tea extract, breast cancer, in vivo”;

» o«

“Green tea polyphenols, breast cancer, in vivo”; “Catechin, breast

. e . . L
cancer, in vivo”; “epicatechin, breast cancer, in vivo”;
“epigallocatechin, breast cancer, in vivo”; “epicatechin gallate,

», «

breast cancer, in vivo”; “epigallocatechin gallate, breast cancer, in
vivo; “theaflavin-3,3’-digallate, breast cancer, in vivo”; “thearubigins
breast cancer, in vivo”; “theabrownins, breast cancer, in vivo”;
“Green tea extract, ovarian cancer, in vivo”; “Green tea
polyphenols, ovarian cancer, in vivo”; “Catechin, ovarian cancer,

»_ o«

in vivo”;

» o«

epicatechin, ovarian cancer, in vivo”; “epigallocatechin,

ovarian cancer, in vivo”; “epicatechin gallate, ovarian cancer, in

» o«

vivo”; “epigallocatechin gallate, ovarian cancer, in vivo; “theaflavin-
3,3’-digallate, ovarian cancer, in vivo”; “thearubigins ovarian cancer,
in vivo”; “theabrownins, ovarian cancer, in vivo”; Green tea extract,

», o«

uterine cancer, in vivo”; “Green tea polyphenols, uterine cancer, in
vivo”; “Catechin, uterine cancer, in vivo”; “epicatechin, uterine
cancer, in vivo”; “epigallocatechin, uterine cancer, in vivo”;
“epicatechin gallate, uterine cancer, in vivo”; “epigallocatechin
gallate, uterine cancer, in vivo; “theaflavin-3,3’-digallate, uterine
cancer, in vivo”; “thearubigins uterine cancer, in vivo”;
“theabrownins, uterine cancer, in vivo”. Moreover, we manually
searched the references cited in the relevant articles. The literature
search results are outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow

chart (Figure 1).

Study selection (inclusion and exclusion
criteria)
We established specific inclusion/exclusion criteria for the

results from the literature search and screened them accordingly.
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FIGURE 1

PRISMA flow diagram illustrating the process of identifying studies included for quantitative meta-analysis. The diagram details the number of
records identified from databases (PubMed, Embase, Web of Science, Cochrane Library) with 1,234 and 12 records, respectively, leading to 20
included studies after screening and exclusions, as per PRISMA 2020 guidelines.

Inclusion criteria were: (1) original and full-length articles; (2)
studies where GTE, GTPs and individual components of GTPs
including epicatechin, epigallocatechin, epicatechin gallate, and
EGCG were administered; (3) studies where xenograft tumor
models or ovariectomized xenograft tumor models or PDX tumor
models were used; (4) studies using laboratory animals; and (5)
articles were published in English. The exclusion criteria were: (1)
review articles; (2) clinical reports and/or trials; (3) reports wherein
the in vitro effect of tea catechin was studied; and (5) studies that
failed to provide the required information. There were no
restrictions regarding species, age, gender, duration of tumor
induction, and administration of GTE, GTP, and EGCG. The
screening process involved two stages: initial title and abstract
screening by two investigators (J-JH, Y-FZ), followed by full-text
review by three investigators (J-JH, Y-FZ, Z-HH), with
disagreements resolved through discussion with the senior
author (LZ).

Data extraction
Three investigators (J-JH, Y-FZ, and Z-HH) independently

screened the literature, resolving any disagreements through
discussion with other authors. Data were numerically extracted
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from bar plots in each article using the WebPlotDigitilizer program
and from the tables, then presented in a Microsoft Excel spreadsheet
(Windows 10 edition; Microsoft Corporation, Lisbon, Portugal) to
record species and strains, the number of animals/groups, model
cell lines used for tumor induction, the regimen of administration of
tea-based products, and mean value of tumor parameters (TV and
TW) with standard deviation. Breast cancer cell lines were
categorized by hormone receptor status (e.g., ER+/PR+ for MCF -
7, triple-negative for MDA-MB-231).

Quantitative data analysis

Pooled data analysis utilized Comprehensive Meta-Analysis
Software Version 2, with Hedge’s g selected as the ‘effect size’
metric. Heterogeneity across studies was assessed using Cochran’s
Q test and heterogeneity index (I). A significance threshold of p <
0.10 was applied due to the test’s sensitivity. Quantitative
assessment of heterogeneity used the I* scale: low (<25%),
moderate (50%), and high (>75%). The fixed effect or random
effects model was chosen for computing the pooled effect size based
on the level of heterogeneity. Sub-group analysis was conducted
based on cancer type, hormone receptor status, and specific
components of tea polyphenols.
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Sensitivity analysis

Sensitivity analysis was conducted by systematically excluding
each study one at a time to assess its impact on the pooled effect size.
This method was used to evaluate the robustness of the overall
findings and determine the influence of individual studies on the
meta-analysis results.

Publication bias analysis

Publication bias was assessed both qualitatively and
quantitatively. Qualitative evaluation was based on visual
inspection of funnel plot asymmetry, while quantitative
assessment was performed using Egger’s intercept test. In cases
where publication bias was detected, Duval and Tweedie’s trim-
and-fill method was applied to adjust the pooled estimates and
inform the final conclusions.

Results
Study design and parameters measured

A total of 350 potential articles were identified from the
databases PubMed, Embase, Web of Science, and Cochrane
Library. Of these, 20 studies for TV and 16 for TW matched the
inclusion criteria and were suitable for our meta-analysis, focusing
on female hormone-dependent cancers, including breast, ovarian,
and uterine cancers (12-31) and 16 for TW (13, 14, 17, 20, 22, 27~
29, 31-38).

The literature review and study screening results are shown in
the PRISMA flow diagram in Figure 1. Cancer models were created
either by xenograft tumor implantation in rats/mice. GTE, GTP and
EGCG were administered through different modes of delivery
(drinking water, subcutaneous injection, intraperitoneal injection,
intratumoral injection, intravenous injection, and infusion or oral
gavage) and dosage forms as indicated in Tables 1 and 2. The
sample size of the study ranged from 3 to 12, and the duration of
treatment ranged from 2 weeks to 10 weeks. We performed a meta-
analysis to analyze the effects GTE, GTP and EGCG on TV and TW.
We used the random-effects model for making inferences due to
significant heterogeneity across the studies unless stated otherwise.
The pooled and subgroup analyses of all parameters, including TV
and TW have been summarized in Table 3.

Effects of GTE, GTP and EGCG on tumor
burdens of female-hormone dependent
cancers

TV

Twenty studies using xenograft models or an induced tumor
model were included to investigate the effect of GTE, GTP and
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EGCG on TV in mice or rat models of three female hormone-
dependent cancers (breast-, ovarian-, and uterine cancers) as shown
in Table 1. A total of 237 animals were in the intervention group,
while 235 animals were in the control group. The pooled analysis
was performed using a random-effect model, which showed a
significant decrease in TV upon treatment of GTE, GTP and
EGCG (Hedge’s g = -2.332, 95% CI = -3.067 to -1.596, p = 0.000)
as shown in Figure 2. The funnel plots did not demonstrate
apparent asymmetry for TV and the heterogeneity among studies
was significant (p=0.000, I? = 89.704%, Q = 262.234).

Next, we conducted a subgroup analysis of GTE and EGCG
separately on TV of the three female hormone-dependent cancers.
GTE significantly decreased the TV in breast and ovarian cancers
(Hedge's g = -1.766, 95% CI = -3.104 to -0.429, p = 0.010)
(Figure 2). EGCG decreased the TV in all three cancers types
(Hedge’s g = -2.061, 95% CI = -2.972 to -1.150, p = 0.000)
(Figure 2). The funnel plots did not demonstrate apparent
asymmetry for TV and the heterogeneity among studies was
significant for both GTE (p=0.000, I? = 90.688%, Q = 64.434) and
EGCG (p=0.000, I* = 87.422%, Q = 127.408).

In another subgroup, we analyzed the effect of GTE, GTP, or
EGCG on breast cancer. GTE significantly decreased the TV,
however, there was significant heterogeneity among studies
(Hedge’s g = -1.073, 95% CI = -1.618 to -0.528, p = 0.000, I =
90.504%, Q = 52.654, p=0.000) (Figure 3). GTP also significantly
decreased the TV in breast cancer (Hedge’s g = -4.281, 95% CI =
-7.692 to -0.869, p = 0.014) (Figure 3), however, EGCG did not have
any significant effect (Hedge’s g = -0.806, 95% CI = -1.688 to 0.077,
p = 0.074 (Figure 3). Subgroup analysis of GTP and EGCG
individually to analyze the effect on TV in breast cancer also
showed significant heterogeneity among studies (p= 0.000, I* =
94.709%, Q = 56.7 for GTP and p= 0.000, I* = 79.329%, Q = 38.701)
and funnel plots did not demonstrate obvious asymmetry. Notably,
studies using triple-negative MDA-MB-231 cells showed variable
EGCG efficacy compared to hormone-responsive, MCF - 7
cells (20).

Further, in another subgroup, we analyzed the effect of EGCG
on ovarian and uterine cancer. EGCG significantly decreased the
TV in ovarian cancer (Hedge’s g = -5.009, 95% CI = -7.251 to
-2.766, p = 0.000, I = 82.611%, Q = 23.003, p=0.000) (Figure 4),
however; it did not significantly decrease the TV in uterine cancer as
shown in Figure 4 (Hedge’s g = -0.959, 95% CI = -2.658 to 0.740, p =
0.269, I* = 84.873%, Q = 13.221, p=0.001).

T™W

Sixteen studies using xenograft models or an induced tumor
model were included to investigate the effect of GTE, GTP and
EGCG on TW of three female hormone-dependent cancers as
indicated in Table 2. The pooled analysis was performed using a
random-effect model, which showed significant inhibition of TW
upon treatment of GTE, GTP and EGCG in all three cancer types
(Hedge’s g = -2.105, 95% CI = -2.746 to -1.463, p = 0.000)
(Figure 5). The heterogeneity among studies was relatively high
(p=0.000, I = 84.124%, Q = 151.169).
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TABLE 1 Methodological characteristics of the studies included in the meta-analysis.

Experiment Outcome (TV mm?3)
References Gender, species, Model
i i Mode Administration Duration
strain, age cellline  posage Mean0 SDO NO Meanl  SDI1
of treatment (treatment) of treatment
Sarti Female SCID mice, 8 — Drinki t
artippout emale SLID mice MDA-M 231 | 0.62mg/ml Therapeutic rinting water 35 days 131079 86144 12 85879 680.37 12
et al. (12) 10 weeks (GTE)
Sartippour Female SCID mice, 8 — . Drinking water
etal. (12) 10 weeks MDA-M 231 1.25mg/ml Therapeutic (GTE) 35 days 1310.79 861.44 12 572.54 468.131 12
i Female SCID mice, 8 — Drinki
Sartippour emale SCID mice, 8 MDA-M 231 | 2.5mg/ml Therapeutic rinking water 35 days 131079 86144 12 13134 224.683 12
et al. (12) 10 weeks (GTE)
. . Infusion
Zhou et al. (13) Female SCID mice, 5 - 8 weeks MCE-7 1.5% Preventive (GTE) 56 days 15.80 0.1 12 7.02 0.20 12
Baliga et al. (14) Female BALB/c mice, 6 - 411 0.2% Preventive Drinking water 36 days 197690 17663 | 10 120923 148.77 10
1. . .. Vi 1V¢ .. X .. o
& 7 weeks (HRG) ° (GTP) 24
Female BALB/c mice, 6 - 4T1 . Drinking water
Bali (14 59 P 1976. 176. 1 2. 112, 1
aliga et al. (14) 7 weeks (HRG) 0.5% reventive (GTP) 36 days 976.90 76.63 0 862.77 09 0
Female BALB/c mice, 6 — 4T1 3 Drinking water
Baliga et al. (14 0.2 Prevent 60 d. 994.756 88 10 506.10 81 10
iga e (14) 7 weeks (LRG) % reventive (GTP) ays
Sartippour Ovariectomized nude mice, . Drinking water
MCE-7 2.5mg/ml Th t 64 d 6222 1524.0 6 3411 119.53 6
etal. (15) 6 weeks mg/ erapeutic (GTE) ays
Female athymi +/nu+ Drinki t
Spinella et al. (16) em?;;) er“; ‘(;:;k:nu ) HEY cells | 12.4mg/ml Therapeutic rm( G';?E‘)Na e 60 days 7260 1249 10 3208 908 10
Thangapazham Female athymic nude mice, /1y i o3y 1% Preventive Drinking water 70 days 31649 10008 | 10 12540 9.0963 10
et al. (19) 5 weeks (GTP)
Th h Female athymi ice, 1 Drinki
angapaziam emale athymic nude mice MDA-MB-231 mg/ Preventive rinking water 70 days 31.661 10967 10 17.703 10.101 10
et al. (19) 5 weeks animal (EGCG)
Landis-Piwowar Female athymic nude mice, Daily s.c. injection
MDA-MB-231 | 50mg/k; Th ti 314 1582 29 4 1223 21 4
etal. (18) 5 weeks me/kg erapeutic (EGCG) ays
Drinki t
Kauretal. (17) T antigen transgenic mice MDA-MB-468 0.01% Therapeutic rm( G';?E‘)”a e 130 days 369.3133 35531 14 38.572 35.440 14
Scandlyn Female CD1 athymic nude . Intraperitoneally
MDA-MB-231  25mg/k Th 1 1866.2 10 4 42 1
et al. (20) mice, 5 — 6 weeks 3 5mg/kg erapeutic (EGCG) 70 days 590.16 866. 0 09 306. 0
F hymi ice, 5 - 1.2 Drinki
Zhang et al. (22) ;f;zllfsat ymic nude mice, 5 ELT3 cells daysmg/ Therapeutic (Elglc C:l)g water 56 days 28 57 10 129 54 10
Intraperitoneall
Luoetal (21) | Female Balb/c mice, 6 - 7 weeks = 4T1 30mg/kg | Therapeutic (;éaé’é;‘ oneaty 24 days 782.008 30287 15 | 709.28 417.19 15
(Continued)
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TABLE 1 Continued

Experiment Outcome (TV mm?)
References Gendel'r, species, Moqel — . .
strain, age cell line Dosage Mode Administration Duration Mean0 SDO NO Meant sD1
of treatment (treatment) of treatment
Jang et al. (23) | Female BALB/c mice 411 10mg/kg  Therapeutic ggacf’;itoneany 35 days 8124.1 14071 3357013 | 1176062498 3
Wang et al. (35) ?e“'Zf;SBALB/ ¢ nudemice, 3=y oaRs 20mg/kg  Therapeutic f;tgzgzgtfgéi o 28 days 1773.02 104.43 6 1190741 | 1329239 8
Zhouetal. (25) | Female athymic nude mice MCE-7 50mg/kg | Therapeutic f;t:gz:tgéﬁ o 24 days 116651 36888 | 10 96585 | 44271 10
Wang et al. (36) Ee‘zzl;athymic nude mice, 5= pros 50mg/kg  Therapeutic 8;51 CgGa;'age 35 days 489.084 1093.6 5 449.07 44743 5
Wang et al. (36) Eesl:elz:ﬂwmk nude mice, 5 - N3 ca Somg/kg | Therapeutic (O;Galcgé;'age 21 days 1357.37 3035.1 5 1066.6 209.47 5
Lee etal. (30)  female NSG mice Z::f,:; oy | S0m@/ke | Therapeutic f;:zzza;i;‘g - 11 days 2.36444 47288 4 1040 0.4275 4
Kazietal. (27)  Nude mice MDA-MB231 | 25mghkg  Therapeutic i;gacvg)mus 21 days 2617 156 5 | 9813 55.8 5
Qin et al. (28) ?e‘zf;BALB/ ¢ nudemice, 4=y 3 10mg/kg  Therapeutic ZIEGG - 21 days 909.787 5993 7 701.59 72.554 7
Qin et al. (28) ?e:ee':;sBALB/ ¢ nudemice, 4=y 3 30mg/kg | Therapeutic ?1]«:% - 21 days 909.787 5993 7 526.51 1258 7
Qin et al. (28) ieV':ZIESBALB/ ¢ nudemice, 4 =y Somg/kg  Therapeutic E\IIEGGCG) 21 days 909.787 59936 7 32462 2365 7
Das et al. (29) 5 e“‘:ll; athymic nude mice, 6 =\ /) V231 100mgkg | Therapeutic 8;21 - 21 days 365.493 16122 4 120.00 149.465 4
Lietal (31)  Nude mice, NG A2780/DDP | 50mg/kg  Therapeutic :;:EZ:?;?CI o 28 days 602.799 23809 5 | 16582 43.42 5
Qin et al. (28) gesl:el;sBALB/ ¢ nudemice, 4 =y 3 Somg/kg | Therapeutic ZGG - 21 days 909.787 50936 7 324.62 23.65 7
Das et al. (29) 56“221; athymic nude mice, 6 =\ ) M 231 | 100mg/kg | Therapeutic Oral (EGCG) 21 days 365.493 16122 4 120.00 49.465 4
Lietal (31) Nude mice, NG A2780/DDP | 50mg/kg  Therapeutic f;tzgzztfgéﬁ o 28 days 602.799 23809 5 165.82 43.42 5

Mean0, mean value in the control group (mm? for TV, and gm for TW); Sd0, standard difference in the control group; NO, sample size in the control group; Meanl, mean in treatment group; Sd1, standard difference in treatment group; N1, sample size in treatment
group; NR, non-reported; TV, tumor volume; GTE, Green tea extract and EGCG, epigallocatechin gallate, HRG, High risk group, LRG, Low risk group, BLC, biluochun, LJ, longjing, GGN, gougunao,WT, Anji white tea
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TABLE 2 Methodological characteristics of the studies included in the meta-analysis.

Experiment Outcome type (TW in g)
References Gender, species, Model
i i Mode Administration Duration Mean
strain, age cellline  posage SDO  NO Meanl SD1
of treatment (treatment) of treatment (0]
Kavanagh . .
etal, (32) Female SD rats, 4-week DMBA 0.30% Preventive Drinking water (GTE) 84 days 8.3 6.9 15 2.5 4.5 15
. . Infusion
Zhou et al. (13) | Female SCID mice, 5 — 8 weeks MCE-7 1.50% Preventive (GTE) 56 days 1.59 0.38 12 0.69 0.358 12
Baliga et al. (14) = Female BALB/c mice, 6 — 7 week 4T1 (HRG) 0.2% Preventive Drinking water (GTP) 30 days 4.5 0.3 10 34 0.3 10
Baliga et al. (14) | Female BALB/c mice, 6 — 7 week 4T1 (HRG) 0.5% Preventive Drinking water (GTP) 30 days 4.5 0.3 10 2.1 0.3 10
Kaur et al. (17) | T antigen transgenic mice MDA-MB-468 0.01% Therapeutic Drinking water (GTE) 130 days 1.93 1.85 16 1.44 0.53 16
Scandlyn Female CD1 athymic nude mice, 5 . Intraperitonial
MDA-MB-231 25 k Thy t: 70 d 0.45 0.08 10 0.29 0.4 10
et al. (20) — 6 weeks mg/ks erapeutic (EGCG) ays
Zhang Female athymic nude mice, 5 - 1.25mg/ . .
ELT: 11 Th Drinki E .2 . 1 .11 .04 1
etal (22) 6 weeks 3 cells day erapeutic rinking water (EGCG) 56 days 0.29 0.06 0 0. 0.0 0
. . Oral
Luo et al. (33) Female BALB/c mice, 6 — 8 weeks 4T1 0.6g/kg Therapeutic (GTE) 28 days 1.76 0.474342 | 10 1.246 0.442719 | 10
Luo et al. (34) Female BALB/c mice, 6 — 8 weeks 4T1 0.6g/kg Therapeutic Oral (GTE) 28 days 1.958 0.664078 | 10 1.23 0373149 | 10
Female BALB/c nude mice, 3 - Intraperitoneal
W t al. (35 OVCAR3 20mg/k Thy ti 28 d 1.460288 | 0.3857 6 0.992897 0.3399 8
ang ¢ 3 5 weeks mg/kg erapeutic injection (EGCG) ays
Female athymic nude mi
Wang etal, (3) | |emale athymic nude mice (/=1 0 ) Somg/kg | Therapeutic Oral gavage (EGCG) 35 days 0.55 0096151 5 0.58 0111803 5
nu),5-6 weeks
Female athymic nude mice (nu/ R
Wang et al. (36) 1),5-6 weeks AN3 CA 50mg/kg Therapeutic Oral gavage (EGCG) 35 days 1.464794 = 0.536656 =5 1.226807 | 0.402492 | 5
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Mean0, mean value in the control group (mm? for TV, and gm for TW); $d0, standard difference in the control group; N0, sample size in the control group; Mean1, mean in treatment group; Sd1, standard difference in treatment group; N1, sample size in treatment
group; NR, non-reported; TW, tumor weight, GTE, Green tea extract and EGCG, epigallocatechin gallate, HRG, High risk group, LRG, Low risk group, BLC, biluochun; L], longjing; GGN, gougunao; WT, Anji white tea
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TABLE 3 Summary of the pooled data and subgroup analysis of various parameters of the study.

Test o
Cancer type of heterogeneity Types of association Significance
Parameter
Female hormone-depen- Hedge's Lower Upper
s Q P P% J o pp: P value
dent cancers o] limit limit
Control vs GTE, GTP and Breast cancer,
EGCG Ovarian cancer 262.234  0.000 89.704 Random -2.332 -3.067 -1.596 0.000 Significant
(Pooled group) Uterine Cancer
Breast s -
Control vs GTE reast cancer 64434 | 0000 | 90.688 Random -1.766 -3.104 -0.429 0.010 Significant
Ovarian cancer
Breast Cancer
Control vs EGCG Ovarian cancer 127.408  0.000 87.442 Random -2.061 -2.972 -1.150 0.000 Significant
TV Uterine Cancer
Control vs. GTE Breast Cancer 52.654 | 90.504 0.000 Random -1.073 -1.618 -0.528 0.000 Significant
Control vs. GTP Breast Cancer 56.700 = 94.709 0.000 Random -4.281 -7.692 -0.869 0.014 Significant
Control vs. EGCG Breast Cancer 38701 79.329 0.000 Random -0.806 -1.688 0.077 0.074 Non-significant
Control vs. EGCG Ovarian Cancer 23.003 82611 0.000 Random -5.009 -7.251 -2.766 0.000 Significant
Control vs. EGCG Uterine Cancer 13221  84.873 0.001 Random -0.959 -2.658 0.740 0.269 Non-significant
Control vs GTE, GTP and Breast cancer,
EGCG Ovarian cancer, 151.169 = 84.124 0.000 Random -2.105 -2.748 -1.463 00.000 Significant
(Pooled group) Uterine cancer
Breast cancer,
Control vs. EGCG Ovarian cancer, 91.527  85.797 0.000 Random -2.885 -3.969 -1.800 0.000 Significant
Uterine cancer
™W
Control vs. GTE Breast Cancer 14.013  42.909 0.081 Fixed -0.873 -1.194 -0.552 0.000 Significant
Control vs. EGCG Breast Cancer 27.467 | 81.797 0.000 Random -2.963 -4.530 -1.396 0.000 Significant
Control vs. EGCG Ovarian Cancer 38453 | 89.598 0.000 Random -4.703 -7.275 -2.132 0.000 Significant
Control vs. EGCG Uterine Cancer 17.767  88.743 0.000 Random -3.742 -6.673 -0.811 0.012 Significant
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A Pooled group of GTE,GTPand EGCG in female hormone dependent cancers

Mode! Study name Subgroup within study Statistics for cach stux Hedges's g and 96% CI
Hedges's Standard Lower Upper
error  Variance flimit  limit Z-Value p-Value
Sartippour et al., 2001 GTE -0.562 0402 0162 -1351 0227 -1397 0.62
Sartippour et al, 2001a GTE -1.028 0421 0177 -1854 -0203 2441 0015
Sartippour et al, 2001b GTE -1.809 0473 0224 2736 -0882 -3826 0.000
Zhou et al, 2004 GTE 53615 7749 60042 68.802 -38428 6919  0.000
Baiga et al, 2005 3 -4.502 0831 0690 6131 -2874 -5419 0000
Baiiga et al, 20058 Gt 7214 1218 1484 9602 -4826 -5921 0000
Baliga et ol 2005 otP 5534 0974 0949 -7.443 -3624 5680 0000
- Sartippour et al, 2006 GTE 0240 0535 0286 -1289 0809 -0.449 0654
< Spineta et al, 2006 GTE 2854 0707 0499 -4939 -2169 -5030  0.000
E Z Thangapazhametal 2007 EGCG 0472 0429 0184 -1013 0670 -0400 0689
T 5 Thangapazhametal, 2007 GTP -0.258 0430 0185 -1.101 0586 -0599 0.549
g E Landis-Prwowar et al, 2007 EGCG -12.330 3143 9.880 -18.491 -6.169 -3.923 0.000
O £ Kauretal, 2007 GTE 1272 0404 0164 -2064 -0479 -3.145 0002
@ - Scandiyn et al, 2008 EGCG -0.130 0.429 0184 -0870 0711 -0.303 0762
7 S znangetal 2010 £GCG 2743 0610 0372 3937 -1.548 4500  0.000
S = ‘luoetal 2010 EGCG -0.033 0355 0126 -0729 0684 -0092 0927
s é Jang etal, 2013 £GCG -0.365 0662 0438 -1662 0932 -0551 0581
° Wang et al, 2015 £GCG 4473 0985 0570 6404 -2543 4541 0000
Q Zhou etal, 2016 €6cG 0073 0428 0184 0913 0767 -0171 0864
Wang etal, 2017 £6¢G -0.047 0571 0326 -1.167 1073 0082 0935
Wang etal, 2017a €GCG 0122 0572 0327 -1243 0999 0213 0831
Lee etal, 2020 £GCG 0343 0621 0385 -1560 0874 -0552 0581
Kazi et al, 2020 £6CG 16277 3684 13573 23498 -9056 4418  0.000
£GCG 2929 0746 0557 -4391 -1466 3925 0000
Qn etal, 20208 £6CG 6902 1397 1952 9640 -4164 4940 0000
Qn etal, 20206 £GCG -12.02¢ 2327 5414 16584 -7.463 5168  0.000
Das etal, 2021 £6CG -1.7%0 0761 0578 -3281 -0300 -235¢ 0019
Lietal, 202¢ £6CG 2308 0770 0592 -3815 -0798 2997 0003
Fixed Pooled -1.099 0111 0012 -1.316 -0882 -9.920  0.000
Random Pooled 2332 0375 0141 -3067 -1596 6214 0000 ]
K 10.00 20.00
TV decrease TV increase
A subgroup of GTE in female hormone dependent cancers
Model Study name Subgroup within study Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
E @ 9 error Variance limit limit Z-Value p-Value
O 5 sortiopouretal, 2001 Breast cancer -0.562 0402 0162 -1351 0227 -1397 0.162
& 'O Sartppour etal, 2001a Breast cancer 1028 0421 0177 -1854 -0203 -2441 0015
Z 7, sartippouretal, 2001b Breast cancer -1.809 0473 0224 -273% -0882 -382%6 0.000
g S Zhouetal, 2004 Breast cancer 53615 7749 60.042 68802 -38428 6919  0.000
g = Sartippour etal, 2006 Breast cancer -0.240 0535 0286 -1289 0809 -0449 0654
&) é Spinela etal, 2006  Ovarian Cancer 3554 0707 0499 -4939 -2169 -5030  0.000
Kaur et al, 2007 Breast cancer -12712 0404 0164 -2064 -0479 -3145 0002
Fixed Pooled 1218 0189  003% -1569 -0847 6433  0.000
|R.naom Pooled 1766 0682 0465 -3104 -0429 -2589 0010
4.00 8.00
TV decrease TVincrease
A subgroup of EGCG in female hormone dependent cancers
Model Study name Subgroup within study Statistics for each study Hedges's g and 95% C1
Hedges's Standard pper
9 error vm.mce it umn Z-Valuep-Value
Thangapazham et al, 2007 Breast cancer 0172 0429 0184 -1.013 0670 -0.400 0689
Landis-Piwowar et al, 2007 Breast cancer 412330 3143 9880-18.491 6169 -3923 0.000 fe—
Scandiyn et al, 2008 Breast cancer 0130 0429 0184 -0970 0711 -0.303 0762
) Zhang etal, 2010 Uterine cancer -2743 0610 0372 -3937 -1.548 -4.500 0.000 —.—
O @ Lwoetal, 2010 Breast cancer 0033 0355 0126 -0729 0664 -0.092 0927
O B Jangetal, 2013 Breast cancer 0365 0662 0433 -1662 0932 -0551 0581
= = Wangetal, 2015 Ovarian Cancer -4.473 0985 0970 -6.404 -2543 -4.541 0.000 .
4 S Znouetal, 2016 Breast cancer 0073 0428 0184 -0913 0767 -0.171 0.864
7 = Wangetal, 2017 Uterine cancer 0047 0571 0326 -1.167 1073 -0.082 0935
S g Wangetal 20178 Uterine cancer 0122 0572 0327 -1243 0999 -0213 0831
£ B teeeto 202 Breast cancer 0343 0621 0385 -1.560 0874 -0552 0581
5 é Kazi et al, 2020 Breast cancer 16277 3684 1357323498 -9.05 -4.418 0.000
Q Qin etal, 2020 Ovarian Cancer 2929 0746 0557 -4391 -1.466 -3925 0.000 [ —
Qin et al, 20208 Ovarian Cancer £902 1397 1952 -9.640 -4.164 -4.940 0.000 —l—
Qin etal, 20200 Ovarian Cancer 12024 2327 5414-16584 -7.463 -5.168 0.000 -
Das etal, 2021 Breast cancer 79 0761 0578 -3281-0300 -2354 0.019 —a—
Lietal, 2024 Ovarian Cancer -2308 0770 0592 -3.815 -0.798 -2.997 0.003 ——
Fixed Pooled 0821 0149 0022 -1.113 -0529 -5510 0.000 *
Random Pooled -2.061 0465 0216 -2972 -1.150 -4.434 0.000 <>
-8.00 -4.00 0.00 4.00 8.00
TV decrease TVincrease

FIGURE 2

Green tea inhibits TV of female hormone-dependent cancers. (A) Forest plot of a pooled analysis of GTE, GTP and EGCG, (B) Forest plot of a

subgroup analysis of GTE, and (C) Forest plot of a subgroup analysis of EGC

G.

A subgroup analysis revealed that EGCG reduced TW across all
three cancer types (Hedge’s g = -2.885, 95% CI = -3.969 to -1.800,
p = 0.000, I* = 85.797%, Q = 91.527, p=0.000) (Figure 5).

In another subgroup, GTE significantly decreased the TW in
breast cancer, analyzed under fixed effect model as there was less
heterogeneity among studies (Hedge’s g = -0.873, 95% CI = -1.194
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to -0.552, p = 0.000, I? = 42.909%, Q = 14.013, p=0.081) (Figure 5).
Furthermore, another subgroup based on cancer type showed that

EGCG significantly decreased TW in breast cancer (Hedge’s g
-2.963, 95% CI = -4.530 to -1.396, p = 0.000, 12 = 81.797%, Q
27.467, p=0.000), ovarian cancer (Hedge’s g = -4.703, 95% CI
-7.275 to -2.132, p = 0.000, I2 = 89.598%, Q = 38.453, p=0.000), and
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A
A subgroup of GTE in Breast Cancer
Model Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
9 error  Variance limit  limit Z-Value p-Value
-
ﬁ &  Sartippour et al., 2001 -0.969 0377 0142 -1707 -0231 -2572 0.010 ——
U_ E Sartippour et al,, 2001a -2.354 0.520 0271 -3374 -1334 -4523 0.000
2 54 Sartippour et al., 2001b -0.351 0.347 0121 -1.032 0330 -1.010 0312
E 3 Zhouetal, 2004 -1.073 0.461 0212 -1976 -0170 -2329 0.020
= £ Ssartippour et al, 2006 -1.294 0.475 0225 -2225 -0364 -2727 0.006
8 é Kaur et al., 2007 -0.575 0674 0454 -1896 0746 -0853 0.394
Fixed Pooled -1.004 0.181 0033 -1.359 -0648 -5533  0.000 <>
Random Pooled -1.073 0.278 0077 -1618 -0528 -3857 0.000 R
-4.00 -2.00 0.00 2.00 4.00
TV decrease TV increase
B
A subgroup of GTPin BreastCancer
Model Study name Statistics for each study Hedges's g and 95% CI
[ Hedges's Standard Lower Upper
s E g error  Variance limit  limit Z-Value p-Value
: § Baliga et al., 2005 -4.502 0.831 0690 -6.131 -2874 -5419 0.000
2 H Baliga et al, 2005a 7214 1218 1484 9602 -4826 -5921 0000
‘g g Baliga et al., 2005b -5.534 0.974 0949 -7.443 -3624 -5680 0.000
] é Thangapazham et al, 2007  -0.258 0.430 0.185 -1.101 0586 -0599 0.549
Fixed Pooled -2.169 0.341 0.117 -2838 -1500 -6.352 0.000 <&
[__Random Pooled -4.281 1.740 3029 -7692 -0869 -2459 0014 |
-8.00 -4.00 0.00 4.00 8.00
TV decrease TV increase
C
A subgroup of EGCG in Breast Cancer
Model Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
9 error Variance limit limit  Z-Value p-Value
O . Thangapazhametal, 2007  -0.172 0.429 0.184 -1.013 0670 -0.400 0689
8 & Landis-Piwowar et al, 2007 -12.330 3143 9.880-18491 6169 -3923 0.000
= E Scandlyn et al., 2008 -0.130 0.429 0.184 -0970 0711 -0303 0.762
& S Luo etal, 2010 -0.033 0.355 0.126 -0729 0664 -0.092 0.927
= H Jang etal, 2013 -0.365 0.662 0438 -1662 0932 -0551 0.581
g & Zhouetal, 2016 -0.073 0.428 0.184 -0913 0767 -0171 0.864
g a Lee etal, 2020 -0.343 0.621 0385 -1560 0874 -0552 0.581
O 7 Kazietal, 2020 -16.277 3684 13573-23498 -9.056 -4.418  0.000
Dasetal, 2021 -1.790 0.761 0578 -3281 -0300 -2354 0019
Fixed Pooled -0.308 0.180 0032 -0660 0044 -1.717  0.086
[Random Pooled -0.806 0.450 0203 -1688 0077 -1789 0.074
-20.00  -10.00 0.00 10.00 20.00
TV decrease TVincrease
FIGURE 3
GTE, GTP, and EGCG inhibit TV of breast cancer. A subgroup analysis was shown in (A) Forest plot of GTE, (B) Forest plot of GTP, and (C) Forest plot
of EGCG.

uterine cancer (Hedge’s g = -3.742, 95% CI = -6.673 to -0.811, p =
0.012, I? = 88.743%, Q = 17.767, p=0.000) (Figures 6A-C).

Adverse effects

No included studies consistently reported adverse effects
following GTE, GTP, or EGCG administration. Liver function
parameters were not assessed, though some studies noted no
overt toxicity (e.g., (14, 17).

Publication bias

We conducted a qualitative assessment of publication bias based
on funnel plot asymmetry and a quantitative analysis using Egger’s
intercept test. While most parameters showed no bias, we applied
the trim and fill method to provide unbiased estimates where bias
was detected (Supplementary Figures S1-S5).
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Sensitivity analysis

Sensitivity analysis involved systematically excluding one study
at a time, revealing that no single study had sufficient impact to alter
the overall conclusion (data not shown).

Discussion

Through this meta-analysis, we evaluated the effects of GTE,
GTP, and EGCG on TV and TW in preclinical models of female
hormone-dependent cancers, including breast, ovarian, and uterine
cancers. Preclinical models are indispensable for advancing the
therapeutic development of green tea-based products in female
hormone-dependent cancers, particularly when clinical data is
scarce. They provide insights into efficacy, mechanisms, and
dosing, all of which are essential for laying the groundwork for
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(A) A subgroup of EGCG in Ovarian Cancer

Model Study name Statistics for each study Hedges's g and 95% CI
Q o~ Hedges's Standard Lower Upper
5 E ] error  Variance limit limit Z-Value p-Value
= % Wangetal, 2015  -4.473 0.985 0970 6404 -2543 -4541  0.000 L
£z Qin et al.,, 2020 -2.929 0.746 0557 -4391 -1466 -3925 0.000 =
S 2 Qin et al,, 2020a -6.902 1.397 1952 9640 -4.164 -4.940 0.000 —-
’g =1 Qin et al.,, 2020b -12.024 2327 5414-16584 -7463 -5168 0000
Q7 Lietal, 2024 -2.306 0.770 0592 -3815 -0.798 -2997 0.003 =
Fixed Pooled -3.745 0.438 0192 -4604 -2887 -8551 0.000 ¢
Random Pooled -5.009 1.144 1.309 -7.251 -2766 -4377 0.000 | B
-20.00 -10.00 0.00 10.00 20.00
TV decrease TVincrease
(B) A subgroup of EGCG in Uterine Cancer
Model Study name Statistics for each study Hedges's g and 95% CI
O > Hedges's Standard Lower Upper
8 = ] error  Variance limit limit Z-Value p-Value
=
ﬁ S Zhang et al., 2010 -2.743 0610 0372 -3937 -1548 -4500 0.000
@ -
i 5 Wang et al,, 2017 -0.047 0.571 0326 -1.167 1073 -0082 0935
2 g Wang et al., 2017a -0.122 0.572 0327 -1243 0999 -0213 0831
g
o & Fixed Pooled -0.896 0.337 0.113 -1.567 -0236 -2661 0008 ‘
~ [Random Pooled -0.959 0.867 0752 -2658 0740 -1.106 0269
-4.00 -2.00 0.00 2.00 4.00
TV decrease TVincrease

FIGURE 4

EGCG inhibit TV of ovarian and uterine cancer. A subgroup analysis was shown (A) Forest plot of EGCG in ovarian cancer, and (B) Forest plot of

EGCG in uterine cancer.

human trials. The pooled results demonstrated significant anti-
tumor effects of these tea-based products, suggesting their potential
as adjuncts in managing hormone-dependent cancers. However, we
observed differential effects of GTE, GTP and EGCG on the cancer
types, driven by molecular pathways and hormone receptor status,
which suggest that their efficacy may vary based on the type of
female hormone-dependent cancers. GTE reduces TV and TW in
breast and ovarian cancers, GTP is effective in reducing TW in
breast cancer, while EGCG reduces TV and TW in breast and
ovarian cancers but does not significantly affect uterine cancer.

TV represents the size, shape, and overall burden of the tumor,
indicating how much space it occupies within a specific anatomical
region. TV assessment reflects tumor growth patterns, invasiveness,
and the effectiveness of therapies (39). Our meta-analysis of 20
studies, which collectively investigated the effects of GTE, GTP, and
EGCG on TV in rodent models of breast, ovarian, and uterine
cancers, revealed a significant reduction in TV with these
treatments (Hedge’s g = -2.332, 95% CI = -3.067 to -1.596, p =
0.000). This suggests a significant anti-tumor activity of green tea-
based products in preclinical settings. The significant decrease in
TV across multiple studies is promising, particularly as it spans
three different cancer types, and all of which share hormonal
dependence as a key driver of tumor progression.

The subgroup analysis showed that both GTE and EGCG
individually exert significant reductions in TV. GTE was effective
in reducing TV for breast and ovarian cancers (Hedge’s g = -1.766, p
= 0.010), while EGCG showed a stronger effect across all three
cancer types (Hedge’s g = -2.061, p = 0.000). These findings
highlight EGCG as the most potent compound among the studied
tea-based products, in line with previous research that attributes its
anti-cancer properties to its ability to modulate multiple signaling
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pathways, including those involved in cell cycle regulation and
apoptosis (40-42).

However, when considering specific cancers, the results showed
some variability. For breast cancer, GTE and GTP significantly reduced
TV, with GTE showing a moderate effect (Hedge’s g = -1.073, p =
0.000), and GTP showing a strong reduction (Hedge’s g = -4.281, p =
0.014). EGCG showed less consistent efficacy in breast cancer, with no
significant reduction in TV (Hedge’s g = -0.806, p = 0.074), particularly
in studies using triple negative cells (MDA-MB-231), indicating that its
effects might vary depending on the cancer type or the experimental
conditions. The lack of significance for EGCG in breast cancer
warrants further investigation, as it could suggest dose-dependency
or the influence of other factors such as the method of administration
or the specific breast cancer subtype.

For ovarian cancer, EGCG caused a striking reduction in TV
(Hedge’s g = -5.009, p = 0.000), emphasizing its efficacy in this type
of cancer. On the contrary, EGCG did not significantly reduce TV
in uterine cancer (Hedge’s g = -0.959, p = 0.269). This discrepancy
may be due to ovarian cancer’s reliance on PI3K/AKT/mTOR and
angiogenesis pathways, which EGCG effectively targets via anti-
angiogenic and antioxidant effects (16, 43), compared to uterine
cancer’s dependence on PTEN/PIK3CA mutations (44). Since
EGCG reduced ovarian cancer, despite its typically aggressive
nature compared to uterine cancer, is intriguing. Ovarian cancer
is more reliant on PI3K/AKT/mTOR pathways and angiogenesis
(43), making it more responsive to EGCG’s anti-angiogenic and
antioxidant effects, while uterine cancer, driven more by hormonal
factors and PTEN/PIK3CA mutations (44), may be less impacted.
This suggests EGCG preferentially targets mechanisms underlying
the growth of ovarian cancer, warranting further studies.
Additionally, the animal models used in these studies may not
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A Pooled group of GTE,GTPand EGCGin female hormone

A

dependent cancers

Model Study name Subgroup within study Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
) error  Variance limit limit Z-Value p-Value
Kavanagh etal, 2001 GTE 0969 0377 0142 -1707 0231 2572 0010 E 2
Zhou etal, 2004 GTE 2354 0520 0271 -3374 -1334 -4523  0.000 i
Baliga et al, 2005 GTP 3512 0701 0492 -4.836 -2137 -5.008  0.000 |
Baigaetal, 2005  GTP 7682 1285 1651 -10.180 -5.144 -5963  0.000 -
Kauretal, 2007  GTE -0.351 0347 0121 -1032 0330 -1.010 0312
Scandiyn et al, 2008 EGCG -0.531 0436 0191 -1.387 0324 -1.217 0224
s Znangetal, 2010 EGCG 3381 0685 0469 4724 2038 49% 0000
=~ luoetal, 2014 GTE 073 0481 0212 -1.976 -0470 2329 0020 -
= 5 Luoetal, 2015 GTE 1296 0475 0225 -2225 -038¢ 2727  0.006 -
& B0 wangetal, 2015 EGCG 1216 0555 0308 -2305 -0.128 -2190 0.029
6 ©  wangetal, 2017  EGCG 0260 0574 0330 -0866 1385 0453 0651
? F Wangetal,2017a  EGCG 0453 0580 0337 -1.590 0684 -0781 0435
S5 Weietal, 2013 £GCG 731 0690 0476 -3083 -0379 2509 0012 -
2
= 8 weietal, 20182 EGCG -5.881 1430 2044 -8663 -3059 -4.100  0.000 ——
2 5 Weietal 20186 EGCG 4973 1250 1563 -7.423 -2523 3878  0.000 —
= = Chuetal, 2019 GTE 0575 0674 0454 189 0746 -0853 0394
8 Chuetal, 20192 GTE -0.257 0657 0432 -1545 1032 -0391 0.6%
Chuetal, 20196  GTE -0.471 0667 0445 -1779 0836 -0707 0480
Chuetal,2019¢c  GTE 0162 0655 0420 -1445 1122 0247 0805
Qi etal, 2020 £GCG 2611 0703 0494 -3989 -1.23¢ 3715 0.000 -
Qin etal, 20208 £GCG 9174 1805 3256 -12711 5637 5084 0000 o
Qin etal, 20206 £6CG 415763 3021 9125 -21684 -9843 5218  0.000
Kazi et al, 2020 EGCG 313 0800 0811 4877 -1348 -3457  0.001 ——
Das et al, 2021 EGCG 3224 0920 0846 -5027 -1.421 -3505 0000 ——
Lietal, 2024 EGCG 2082 0737 0543 -3527 -0638 2826 0.005 —-
Fixed Pooied -1.351 0123 0015 -1592 -1.111 -11.016 0000 [
Random Pooled 2105 0328 0107 -2748 1463 6424 0 oWl <
-10.00 5.00 0.00 500 10.00
TW decrease TW increase
B
A subgroup of EGCG in female hormone dependent cancers
Model Study name Subgroup within study Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
9 error Variance limit limit Z-Value p-Value
Scandiyn etal, 2008 Breast cancer 0531 043 0191 -1387 0324 -1217 0224
() _ Znengetal 2010 Uterine cancer 3381 0685 0469 -4724 2038 493 0000
O & Wangetal, 2015 Ovarian Cancer 41216 0555 0308 -2305 0128 -2190 0029
QO o Wangetal, 2017 Uterine cancer 0260 0574 0330 -0.866 1385 0453 0651
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FIGURE 5

Green tea inhibits TW of female hormone-dependent cancers and breast cancer. (A) Forest plot of pooled analysis of GTE, GTP and EGCG on TW of
female hormone-dependent cancers, (B) Forest plot of EGCG on TW of female hormone-dependent cancers, and (C) Forest plot of GTE on TW of

breast cancer.

accurately mimic the aggressive stage of ovarian cancer observed in
humans, as they were not orthotopic models.

TW is a quantitative measure of tumor burden that represents
changes in tumor mass, accounting for factors like cell density,
necrosis, and vascularization. It also reflects the composition and
biological characteristics of tumors (39, 45). The analysis of 16
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studies examining the impact of GTE, GTP, and EGCG on TW in
female hormone-dependent cancers revealed a significant
inhibitory effect on TW across the included studies (Hedge’s g =
-2.105, p = 0.000). Subgroup analyses showed that EGCG had a
significant effect in reducing TW in all three cancer types with a
pooled effect size of Hedge’s g = -2.885 (p = 0.000). The reductions
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FIGURE 6

EGCG inhibits TW of breast cancer, ovarian cancer and uterine cancer. A subgroup analysis was shown (A) Forest plot of EGCG in breast cancer,
(B) Forest plot of EGCG in ovarian cancer and (C) Forest plot of EGCG in uterine cancer.

in TW for ovarian and uterine cancers were particularly strong than
its effect on breast cancer. In the context of the effects of EGCG on
ovarian and uterine cancers, we observed a discrepancy: EGCG
reduced TW in both cancer types, but only inhibited tumor volume
TV in ovarian cancer, not in uterine cancer. Measurements of TV
and TW in preclinical models can be influenced by the in tumor
characteristics, and inaccuracies in measurement techniques (45).
This discrepancy may reflect differences in tumor vascularity or
necrosis, with EGCG potentially affecting tumor mass more than
volume in uterine cancer. Additionally, variations in the stage of
tumor growth and a lack of standardization in reporting can further
complicate the interpretation of these measurements. Thus, this
meta-analysis informs the field about the need for additional
research to clarify whether EGCG has differing effects on ovarian
and uterine cancers.

GTE was also found to significantly reduce TW in breast cancer
(Hedge’s g = -0.873, p = 0.000), with relatively low heterogeneity
(I = 42.909%), indicating consistent findings across the studies.
The smaller effect size for GTE compared to EGCG may suggest
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that EGCG, the major catechin in green tea (46), has a relatively
more potent anti-cancer effect, likely due to its greater
bioavailability and ability to penetrate tissues more effectively.

Qualitative and quantitative assessments of publication bias,
using funnel plots and Egger’s intercept test, indicated that most
parameters were free from significant bias. However, for a few
studies showing asymmetric funnel plots, we applied the trim-and-
fill method to provide unbiased estimates. The use of this corrective
approach supports the reliability of the findings, even in cases where
potential publication bias was detected.

The strengths of our study lie in its comprehensive analysis of
preclinical research on green tea compounds - GTE, GTP, and
EGCG - in female hormone-dependent cancers, demonstrating
significant reductions in tumor burden. By including a broad
range of studies and conducting detailed subgroup analyses, this
meta-analysis provides key insights into the efficacy of these
compounds across different cancer types. We observed that tumor
models relied on xenotransplantation, and not orthotopic models,
where tumors are implanted in their tissue of origin. Orthotopic
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models offer advantages: they better mimic the tumor
microenvironment, allow for accurate assessment of tumor
growth and invasion, and enable the study of tumor-host
interactions and metastasis, providing insights that closely
resemble clinical condition (47). We also noted significant
heterogeneity (I* > 80% in several subgroups) among studies,
which serve to inform this field of research. This heterogeneity
could arise from differences in animal models, modes of delivery
(oral, intravenous, etc.), dosing regimens, or variations in tumor
induction methods. The high heterogeneity emphasizes the need for
standardized experimental designs in future preclinical studies. We
also observed that while GTE and GTP consistently reduced tumor
burden, EGCG’s effects were more variable. This variability may be
partly due to the inclusion of triple-negative breast cancers (MDA-
MB-231), which are not strictly hormone-dependent, unlike ER
+/PR+ cancer lines (MCF - 7), suggesting subtype-specific
responses. Furthermore, there was variation in the effect in terms
of tumor growth likely stemming from variations in tumor
characteristics, inaccuracies in measurement techniques, and lack
of standardization. Despite this variability, the overall conclusions
remained consistent, as demonstrated by the sensitivity analysis,
which indicated that no single study had significant influence on the
results. There is also limited information on long-term safety and
toxicity of these products. In particular, no included studies in this
meta-analysis, which focused on xenograft and PDX models of
hormone-dependent cancers, systematically assessed liver function
parameters. However, one preclinical study reported that high doses
of EGCG caused mild liver injury in mice, which was significantly
augmented by lipopolysaccharide, while limited GT consumption
showed no significant adverse liver effects over a short term (48).
High-dose GTE has been linked to acute liver failure in humans (49,
50). Future studies using xenograft and orthotopic models should
assess liver function to clarify the safety profile of these compounds.

Conclusion

Overall, this meta-analysis demonstrates that GTE, GTP, and
EGCG have significant anti-tumor effects in preclinical models of
female hormone-dependent cancers. However, there are differential
effects of these tea-based products across tumor types: GTE reduces
TV and TW in breast and ovarian cancers, GTP is effective in
reducing TW in breast cancer, and EGCG lowers TV and TW in
breast and ovarian cancers but has limited impact on uterine cancer.
These differences may reflect subtype-specific responses, with GTE
and GTP showing broader efficacy across hormone-responsive
cancers, while EGCG’s effects are more pronounced in cancers
reliant on angiogenesis and PI3K/AKT/mTOR pathways. These
findings underscore the need for targeted clinical trials to explore
the specific benefits of each tea-based products analyzed in this
meta-analysis for different cancer types, with a focus on hormone
receptor status and molecular pathways, and evaluate their safety,
efficacy, and optimal dosing.
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SUPPLEMENTARY FIGURE 1

Risk of bias analyses were conducted using funnel plots for TV: (A) the pooled
group of GTE, GTP, and EGCG in female hormone-dependent cancers; (B)
the subgroup of GTE in female hormone-dependent cancers; and (C) the
subgroup of EGCG in female hormone-dependent cancers.

SUPPLEMENTARY FIGURE 2

Risk of bias analyses were conducted using funnel plots for TV: (A) the
subgroup of GTE in breast cancer; (B) the subgroup of GTP in breast
cancer; and (C) the subgroup of EGCG in breast cancer.
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