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Biliary tract cancers, encompassing tumors of the gallbladder, extrahepatic bile ducts, and
ampulla of Vater, are rare but highly fatal malignancies. Apart from gallstones, etiologic factors
of biliary tract cancer are not clearly defined. Several epidemiologic studies have suggested
that consumption of tea, especially green tea, is protective against a variety of cancers,
including gastrointestinal malignancies. As part of a large population-based case-control study
of biliary tract disease in Shanghai, China, we evaluated the effects of tea consumption on the
risk of biliary tract cancers and biliary stones. The study included 627 incident cases with
biliary tract cancer, 1,037 cases with biliary stones, and 959 randomly selected controls. Study
subjects were interviewed to ascertain data on demographic, medical, and dietary factors,
including tea consumption. Forty one percent of the controls were ever tea drinkers, defined
as those who consumed at least 1 cup of tea per day for at least 6 months. After adjustment for
age, education, and body mass index, among women, ever tea drinkers had significantly
reduced risks of biliary stones (OR=0.73, 95% C1=0.54-0.98) and gallbladder cancer
(OR=0.56, 95% CI1=0.38-0.83). The inverse relationship between tea consumption and
gallbladder cancer risk was independent of gallstone disease. Among men, tea drinkers were
more likely to be cigarette smokers, and the risk estimates were generally below 1.0, but were
not statistically significant. Further studies are needed to confirm these results in other
populations and clarify the hormonal and other mechanisms that may be involved.
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Biliary tract cancers, consisting of tumors of the gallbladder, extrahepatic bile ducts, and
ampulla of Vater, are rapidly fatal.1:2 Although these cancers are uncommon in most parts of
the world, incidence rates are elevated among native Americans and Hispanics living in the
United States, and among populations in Central and South America, Eastern Europe, and
Japan.12 Due to the rarity and high fatality of biliary tract cancers, little is known about their
etiology apart from a strong link with gallstones.?

A number of epidemiologic studies have suggested that consumption of tea, especially green
tea, is protective against certain cancers, including tumors of the lung, stomach, pancreas, and
esophagus.3-® The anti-tumor effects of green tea have been attributed to polyphenols, which
in laboratory studies have demonstrated inhibitory effects on tumor growth.”~10 Results of
epidemiologic studies examining the association between tea consumption and biliary tract
cancer have been mixed, perhaps related to the small number of cases, different types of tea
consumed, and lack of data on potential confounding factors, such as gallstone disease, diet,
and cigarette smoking.11-14

In this report, we evaluate the effect of tea consumption on the risk of biliary tract cancers and
biliary stones as part of a large population-based case-control study conducted in Shanghai,
China, where the incidence rates for these cancers have risen sharply in recent years.1:1°

Materials and methods

Study subjects

Details of the study methods have been reported elsewhere.1618 Briefly, cancer cases were
permanent residents of urban Shanghai, between 35-74 years of age, who were newly
diagnosed with biliary tract cancer (ICD9 code 156) between June 1997 and May 2001. The
rapid reporting system established in 42 collaborating hospitals in Shanghai captured more
than 95% of the incident cases diagnosed during the study period. A total of 627 cancer cases,
including 368 gallbladder, 191 extrahepatic bile duct, and 68 ampulla of Vater cases, were
included in this study. In addition, 1,037 patients with biliary stones (774 gallbladder stones
and 263 bile duct stones) without a history of cancer were selected from the same hospital as
the index cancer case and were frequency-matched to the index cancer case on age (5-year
groups) and gender. A total of 959 subjects who were permanent residents of Shanghai and
had no history of any type of cancer were randomly selected from the Shanghai Resident
Registry (~6 million residents) as population controls. Controls were frequency-matched to
cancer cases in a 1 to 1 ratio by the age (5-year groups) and gender distributions of biliary tract
cancer cases. All study subjects provided written informed consent. The Institutional Review
Boards of the National Cancer Institute and Shanghai Cancer Institute approved the study
protocol.

Clinical and pathologic review

Diagnoses of all biliary tract cancer cases were confirmed by a panel of clinicians,
ultrasonographers and pathologists, using a combination of medical and surgical records,
pathology slides, and radiological films. Due to the late-stage diagnosis of most biliary tract
cancers, pathology materials were only available to confirm 70% of the cancer cases. Among
cases without pathology materials, we reviewed imaging data, medical records, and surgical
reports to confirm the diagnosis of cancer on clinical grounds. As part of the diagnostic workup,
all cancer cases underwent magnetic resonance imaging (MRI), endoscopic retrograde
cholangiopancreatography (ERCP), or computed tomography (CT). All biliary stone cases
were confirmed clinically by review of abdominal ultrasound data or ERCP films, or
pathologically for those who underwent cholecystectomy.
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Data collection

Study subjects were interviewed by trained interviewers, using a structured questionnaire to
obtain information on demographic characteristics, medical and occupational histories,
lifestyle behaviors, and diet. Information was collected on tea drinking, including age of first
use, duration of consumption (years), and monthly intake (weight of tea leaves in grams). Ever
tea drinkers were defined as subjects who consumed at least one cup of tea per day for more
than six months. Current drinkers were a subset of ever tea drinkers who consumed tea at the
time of interview. Lifetime tea consumption was calculated as monthly intake (grams)
multiplied by 12 (months) and duration of consumption (years). The response rate for interview
was over 95% among cases and 85% among controls. All interviews were recorded and
reviewed to ensure adherence to the study protocol. Five percent of the subjects were randomly
re-interviewed within three months of the first interview to assess reproducibility. Concordance
between the two interviews on responses to key questions was greater than 90%.

Assessment of gallstones

Gallstone status among cancer cases was assessed both by self-reported history and clinical
data from MRI, ERCP, and CT tests. Among population controls, gallstone status was assessed
by self-reported history and by abdominal ultrasound among those who gave consent for the
procedure (85% of all population controls).

Statistical analysis

Associations of tea consumption with biliary tract cancers and biliary stones were assessed by
calculating odds ratios (ORs) and 95% confidence intervals (Cls) using unconditional logistic
regression. To make the appropriate case-control comparisons, only those controls at risk of
developing each disease outcome were considered. Specifically, controls without a history of
cholecystectomy were compared to gallbladder cancer cases, whereas controls without biliary
stones were compared to biliary stone cases, and all population controls were compared to bile
duct and ampulla of Vater cancer cases.

The Fisher's exact test was used to detect differences between cases and controls for selected
characteristics. Those characteristics with statistically significant differences (p < 0.05) were
considered potential confounders for biliary tract cancers or stones, and their associations with
tea drinking were subsequently evaluated. Factors associated with both tea drinking and biliary
tract cancer or stones were adjusted for in the logistic regression models.

The risk estimates for gallbladder cancer, bile duct cancer, and biliary stones (gallstones and
bile duct stones combined) were evaluated by tea drinking status (never, ever, and current tea
drinker). The risk of ampulla of Vater cancer associated with tea drinking was not estimated
due to the small number of cases (n = 68). Among ever tea drinkers, biliary tract cancer and
stone risks were assessed further by age of first tea consumption (years), duration of tea
consumption (years), monthly tea intake (grams), and lifetime tea consumption (grams).
Median values for these tea drinking characteristics were determined among population
controls and were used as categorical cutoffs for risk estimate calculations. Gender-specific
risk estimates were calculated because median values of tea drinking characteristics differed
substantially between men and women. Initially, a full model was fit that included all potential
confounding variables: age at interview, education, body mass index [BMI, weight (kg)/height
(m)?], smoking, alcohol use, hypertension, diabetes, allium vegetable intake, family history of
gallstones, and gallstone status (for cancer cases only). We subsequently fitted a parsimonious
model including only the variables associated with both tea consumption and biliary disease,
i.e., age at interview, education, and BMI (for biliary stone cases only). Tests of linear trend
were conducted categorically for all tea drinking characteristics, including age of first use,
duration, monthly intake, and lifetime consumption.
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The frequency distributions of selected characteristics among cases and controls are shown in
Table I. The majority of gallbladder cancers (73.1%) and biliary stones (62.4%) occurred
among women, whereas slightly more cancers of the bile duct (51.8%) and ampulla of Vater
(54.4%) occurred among men. The prevalence of gallstones was significantly higher among
cancer cases at all three subsites than controls. Gallbladder cancer and biliary stone cases had
a significantly higher prevalence of diabetes and obesity (BMI > 23 kg/m?, cutoff for obesity
suggested for Asians),1° but a lower prevalence of alcohol consumption. Bile duct cancer,
ampulla of Vater cancer, and biliary stone cases were less likely to have hypertension than
controls. Ampulla of Vater cancer and biliary stone cases had significantly greater intake of
preserved foods. There was no difference in allium vegetable or total caloric intake between
cases and controls, except for gallbladder cancer cases who consumed significantly fewer
calories per day compared to controls.

Among the 959 controls, 394 (41%) were ever tea drinkers who consumed at least 1 cup of tea
per day for at least 6 months. Most ever tea drinkers were also current tea drinkers at the time
of interview, with 363 (92%) of the 394 ever tea drinkers being current tea drinkers. Ninety
two percent of the ever tea drinkers reported drinking green tea, the most commonly consumed
type of tea in China.20 Since risk estimates for current and ever tea drinkers were similar, in
Table Il we present the risk of biliary tract cancers and stones in relation to tea consumption
among ever tea drinkers by gender. Compared to women, men started drinking tea at an earlier
age (median: 30 vs. 35 years), drank for a longer duration (median: 30 vs. 20 years), consumed
a greater quantity (median: 250 vs. 150 grams per month), and had a higher lifetime
consumption (median: 81,600 vs. 24,600 grams).

Among women, tea drinking was associated with lower risks of gallbladder and bile duct
cancers and of biliary stones. Female ever tea drinkers had a 44%, 35%, and 27% reduced risk
of gallbladder cancer (OR = 0.56; 95% CI = 0.38-0.83), bile duct cancer (OR = 0.65; 95% CI
=0.37-1.14), and biliary stones (OR = 0.73; 95% CI = 0.54-0.98), respectively. In addition,
several tea drinking characteristics, including age of first use, duration, monthly intake, and
lifetime consumption were also significantly and inversely associated with gallbladder cancer
risk. Among women, the protective effect of tea on biliary tract cancer persisted after further
adjustment for gallstones and other covariates.

Among men, risk estimates for biliary tract cancers and stones associated with tea drinking
were generally below 1.0, but were not statistically significant. Smoking and tea drinking are
strongly correlated among Chinese men (rspearman for tea and smoking = 0.23, p < 0.0001).
Further adjustment for smoking did not change the risk estimates of biliary tract cancers or
stones among men. However, when the effect of tea drinking was evaluated by smoking status,
the protective effect was evident among male non-smokers, but not male smokers, in particular
for bile duct cancer (non-smokers: OR = 0.63; 95% CI = 0.28-1.43; smokers: OR = 1.17; 95%
Cl=0.63-2.19). Due to the small number of male non-smokers, we had limited power to detect
a significant interaction between smoking and tea drinking among men (Interaction p for bile
duct cancer = 0.25).

Discussion

In this population-based study, tea drinking was associated with reduced risks of gallbladder
and bile duct cancers, as well as biliary stones, especially among women. These findings add
to the accumulating epidemiologic evidence linking tea consumption with a lower risk of
various cancers, particularly of the digestive tract.
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The exact mechanisms by which tea can protect against biliary tract cancer are unclear but may
involve anti-proliferative and anti-inflammatory properties of tea polyphenols, in particular
epigallocatechin-3-gallate (EGCG).21 Laboratory studies have shown that EGCG can inhibit
inflammatory processes that are involved in the pathogenesis of epithelial cancers.22°24
Specifically, it has been shown that EGCG can inhibit 1) the expression of cyclooxygenase-2
(COX-2),25'26 a pro-inflammatory mediator that has been shown to be over-expressed in
biliary tract cancer tissue,27°29 2) the expression of other key inflammatory mediators, such
as cytokines and tumor necrosis factor-alpha,22724 and 3) tumor growth through modulation
of regulatory enzymes, such as cyclin-dependent kinases.30 Data specific to biliary tissue are
limited, but a laboratory study of biliary tract carcinoma showed that EGCG can suppress cell
growth and the invasive ability of the carcinoma cells.1°

Despite the longer duration and higher quantity of tea consumption among men, the statistically
significant inverse relationship between tea drinking and risk of biliary tract cancers and stones
was largely limited to women. Previous studies of other gastrointestinal cancers conducted in
Asia have also reported a stronger protective effect of tea drinking in women than in men.:6:
31-34 The less evident effect of tea drinking on biliary tract cancer in men may be related in
part to the strong correlation between tea drinking and cigarette smoking among Chinese men,
making it difficult to assess an independent effect of tea drinking. Among controls, 62% of
men versus 9% of women were ever smokers. Among male tea drinkers, 70% smoked
(rspearman for tea and smoking = 0.23, p < 0.0001), whereas only 12% of the women who drank
tea also smoked (rspearman = 0.06, p = 0.18). In addition, among men, smokers consumed more
tea than non-smokers (median lifetime tea consumption: smokers 91,200 g, non-smokers
60,000 g), and heavy smokers were also heavy tea drinkers. In our study, smoking was not
associated with an increased risk of gallbladder or ampulla of Vater cancers, but was associated
with a 37% non-significant increased risk of bile duct cancer among men. Results from previous
studies were mixed, with two reporting positive associations between smoking and bile duct
cancer.3%:36 Hence, we cannot rule out the possibility that smoking may be related to bile duct
cancer, and thus, may attenuate the protective effects of tea drinking among men. The fact that
the protective effect of tea drinking was evident among male non-smokers and not male
smokers further suggests a complex interplay of tea drinking and smoking for bile duct cancer
among men. However, because there are few non-smoking men in this population, the
interaction between tea drinking and smoking on the risk of biliary tract cancer was not
statistically significant.

Another possible explanation for the significant protective effect of tea drinking in women may
be related to the effects of EGCG on estrogen biosynthesis and other hormonal processes.
Obesity and parity have been consistently linked to higher risks of gallstones!6:37 and
gallbladder cancer,16:38 probably due to higher levels of circulating estrogens among obese
women and during pregnancy.39-4! Both animal and human data suggest that tea polyoneols,
in particular EGCG, can affect estrogen metabolism, although the precise mechanisms are
unclear.41°44 In humans, a recent cross-sectional study showed that women who drank tea
had lower levels of circulating estrogens than non-drinkers41 In laboratory studies, it has been
shown that EGCG inhibits the methylation of catechol estrogens in the human liver by catechol-
O-methyltransferase®* and binds to estrogen receptors (ER-alpha and ER-beta), thereby
influencing ER-mediated gene expression to exert an anti-estrogenic effect.#2:43 In animal
studies, tea catechins reduce serum levels of testosterone, leptin, insulin, and insulin-like
growth factor-1,45 which may also play a role in the development of gallbladder cancer and/
or gallstones.

Several strengths and limitations of this study should be noted. Given the high case
ascertainment (>95%) and response rates (>80%), selection and survival biases were minimal.
Also, rigorous pathology and clinical review minimized misclassification of outcome and
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gallstone status. Any misclassification of tea drinking characteristics, such as amount and
duration, due to the difficulty in recall, is likely to be non-differential between cases and
controls. Despite the relatively large size of this study, there was limited statistical power to
accurately evaluate risks of bile duct and ampullary cancers associated with tea drinking, and
to formally test for interactions among covariates. Although we cannot rule out the possibility
that our findings resulted from chance, given the abundant animal and laboratory data on tea
drinking, and our consistent findings for lower risks of cancers of the gallbladder and bile duct,
and biliary stones, it is likely that tea drinking can reduce the risk of biliary tract diseases, at
least among non-smoking women.

In summary, this population-based case-control study in Shanghai, China, revealed a protective
effect of tea consumption on biliary tract cancer and biliary stones among women. Future
studies are needed to replicate these results in other populations and clarify the hormonal and
other mechanisms that may be involved.
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