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In the United States, the incidence of adenocarcinoma of the esophagus, including the esophagogastric (EG)
junction, has been increasing rapidly over the past two decades. Except for an association with Barrett's
esophagus, little is known about the etiology of these cancers. A population-based case-control interview
study of 174White men with adenocarcinoma of the esophagus and 750 controls living in three areas of the
United States offered the opportunity to investigate the relationship of these cancers with smoking, alcohol
drinking, socioeconomic factors, and history of ulcer. There were significantly elevated risks for men who
smoked cigarettes (odds ratio [OR] = 2.1) or drank liquor (OR = 1.6). For both cigarette smoking and liquor
drinking, there were significant dose gradients with amount consumed. No reduction in risk was observed
following smoking cessation. Subjects who switched from nonfilter to filter cigarettes experienced half the
risk of those who only smoked nonfilter cigarettes. Inverse risk gradients were seen with increasing recent
annual income, with the highest risk (OR = 3.4) for the lowest category. The risk for a history of ulcer
(OR = 1.7), especially of the duodenum (OR = 2.2), was also significantly elevated. These data suggest that
tobacco and alcohol may beetiologic factors for adenocarcinoma of the esophagus and EG junction, but these
factors do not appear to explain the rapid rise in incidence of these tumors. The associations with low social
class and history of ulcer need to be explored in greater detail along with other factors that may account for
the temporal trends in esophageal adenocarcinomas. Cancer Causes and Control 1994, 5, 333 - 340
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Introduction land, or Wayne counties in Michigan), and the New
Jersey State Cancer Registry (10 counties). Because

In the United States, the incidence of adenocarcinoma survival for this disease is unfavorable, a rapid report-
of the esophagus and gastric cardia, including the ing system was established to facilitate ascertainment
esophagogastric (EG) junction, has been increasing and interview of esophageal cancer patients within six
rapidly over the past two decades. 1Among White men, weeks of diagnosis. The median number of days be-
the race-gender group with the highest rates (rates are tween date of diagnosis and interview was 49 days.
more than three times higher in White compared with Cases were identified from pathology and outpatient
Black men*), the average annual age-adjusted incidence records at hospitals in the catchment areas. Pathology
of adenocarcinoma of the esophagus tripled from 0.8/ records were used to divide the esophageal cancer cases
100,000in 1976-78 to 2.5/100,000in 1988-90.' Over the (ICD-O code 150) into three histologic groups: squa-
same time periods, the corresponding incidence rates mous cell carcinoma (ICD-O codes 8050 to 8082); ade-
for adenocarcinoma of the gastric cardia rose from 2.3/ nocarcinoma (ICD-O codes 8140 to 8573), and all
100,000 to 3.4/100,000. Except for an association with other histologic types including carcinoma not other-
Barrett's esophagus, a recognized precursor lesion for wise specified.
adenocarcinoma of the esophagus, 3'4little is known For each geographic area, registry data for all four
about the etiology of these cancers. As part of a case- cancer types were used to estimate the race- and age-
control study designed to evaluate reasons for the specific (five-year age groups)numbers of cases antici-
excess incidence of esophageal cancer (largely squa- pated in order to construct a sampling frame for con-
mous cell carcinomas) among Black compared with trois. Two sources were utilized for control selection: a

White men, data were collected on subjects with random-digit dialing (RDD)technique s for controls
adenocarcinoma of the esophagus and EG junction, aged 30-64 years, and random sampling from com-
Because of the sudden increase in incidence of adeno-

puterized listings of Medicare recipients provided by
carcinomas of the esophagus and EG junction in White the Health Care Financing Administration (HCFA)

men, these were ascertained in much greater numbers for controls aged 65-79 years.
than originally expected and provided an ideal oppor- Sixty-minute in-person interviews with the cases
tunity to investigate risk factors for these previously and controls were conducted by trained interviewers,
rare cell types, usually in the homes of the respondents. Detailed

This paper investigates the possible role of smoking, information was obtained on the use of alcohol and

alcohol drinking, socioeconomic factors, _nd history tobacco, usual adult diet, usual occupation, medical
of ulcer in the etiology of these cancers, and dental history, and sociodemographic factors.

Materials and methods Of the 317, White, esophageal/EG-junction cancercases interviewed, 174 were adenocarcinomas (113

Concurrent population-based case-control interview were EG junction cancers), 124 were squamous cell
studies of four cancers that occur in excess among cancers, and 19 were other or type not specified.

Blacks--esophagus, prostate, pancreas, and multiple Among the 270 Black cases interviewed, there were 10
myeloma--were conducted during 1986-89 in three adenocarcinomas (eight were EG junction cancers),
areas of the US. For efficiency, one large control group 249 squamous cell cancers, and 11 other or not other-
was chosen for all four cancer types. It was decided to wise specified. Herein we limit analyses to adenocarci-
include only male esophageal cancer cases because the nomas of the esophagus and EG junction. Due to the
number of female cases available would have been too small number of these tumors among Black men, for

few for analysis (the number of affected females is statistical considerations it was decided to restrict the
about one-third the number of affected males), analysis to the 174 White male cases of adenocarci-

Selected for the esophageal cancer component were noma of the esophagus and EG junction, and 750
all histologically confirmed cases of esophageal cancer pooled White male controls.
(International Classification of Diseases for Oncology The response rates at the interview phase were 74
[ICD-O] site code 150) or cancer of the EG junction percent for the adenocarcinoma and EG junction cases,
(ICD-O code 151.0) newly diagnosed between 72 percent for the HCFA controls, and 76 percent for

1 August 1986 and 30 April 1989 among White and the RDD controls. Eighty-six percent of the house-
Black men aged 30 to 79 years. Cases were residents of holds contacted through RDD provided a household

geographic areas covered by three population-based census which was used to sample controls under 65
cancer registries: the Georgia Center for Cancer Star- years of age. Among all White controls, refusal to be
istics (DeKalb or Fulton counties), the Metropolitan interviewed was the most common reason for nonres-
Detroit Cancer Surveillance System (Macomb, Oak- ponse (18 percent), followed by too ill or deceased
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(four percent). Reasons for case nonresponse included Table 1. Numbers of interviewed White male cases of
deceased (12 percent), too ill (eight percent), and adenocarcinoma of the esophagus and esophagogastric
refusal to be interviewed (five percent), junction and controls according to age and location

The distributions of the cases and controls by the Factor Case Control
selection factors, age and geographic area, are pre-
sented in Table 1. The median age was 63 years for cases n % n %
and 61 years for controls. The majority of both inter- Age

viewed (68 percent) and noninterviewed (77 percent) <50 17 9.8 125 16.6

cases were residents of Detroit. The paucity of cases of 60-59 43 24.7 218 29.160-69 69 39.7 224 29.9
adenocarcinoma of the esophagus and EG junction _<70 45 25.9 183 24.4
from New Jersey (19 percent of those interviewed and

10 percent of those not interviewed) was particularly LocationAtlanta (GA) 22 12.6 167 22.3

striking. Although the reason for such a low percentage Detroit (MI) 119 68.4 277 36.9
from New Jersey is unclear, it may be related to under- NewJersey 33 19.0 308 40.8
ascertainment of cases or to the demographics of the Total 174 750
counties which were selected to provide a large number
of Black cases to investigate their high rate of eso-
phageal cancer. The controls were more evenly
distributed over the three areas, reflecting the corn- All models included the selection factors of age and
bined distributions of the four cancer types which util- geographic area. Other variables included where indi-
ized the same controls, cated were: number of cigarettes smoked per day,

number of drinks of liquor per week, recent annual
income, and number of people supported by the

Statistical analysis income. Adjustment for other social class variables

Data were analyzed using unconditional logistic such as education and marital status, dietary variables,
regression. _ Adjusted odds ratios (OR) and 95 percent such as fruit and vegetable consumption, and history of
confidence intervals (CI)were obtained using the EPI- ulcer did not substantially alter any of the risk esti-
CURE programs for personal computers/Tobacco mates and thus were not included in the final models.
smokers were defined as subjects who reported smok- To test for linear trend, categorical variables were en-

tered as continuous variables in the logistic models.ing at least one cigarette per day or one cigar or pipe per
week for six months or longer. For each type of

tobacco, questions were asked on the age at first and Results
last use, also the number of years and usual amount
smoked. Detailed information was also collected for Cigarette smoking was reported by 84 percent of the
users of filtered and nonfiltered cigarettes, cases and 70 percent of the controls (Table 2). Corn-

Alcohol drinkers were defined as subjects who pared with non-tobacco smokers, the risk among those
reported drinking at least one drink of beer, wine, or who smoked cigarettes was significantly elevated
hard liquor per month for at least six months. For (OR = 2.1) and that among those who smoked only
drinkers, usual weekly consumption of each type of pipes or cigars was nonsignificantly elevated
beverage was ascertained. Total alcohol consumption (OR = 1.5). There was a significant trend (P < 0.01) of
was estimated by summing the contribution from each increasing risk with increasing number of cigarettes
type of alcohol, where one drink was equivalent to 12 smoked per day, with the OR reaching 2.6 for cigarette
oz of beer, four oz of wine, or 1_ oz of hard liquor, smokers of at least two packs a day. No gradients in

Information was sought concerning a history of risk were seen with duration of smoking or age started
duodenal or stomach ulcer diagnosed by a doctor be- smoking cigarettes. These patterns remained when the
fore one year ago. Subjects were also asked to report analysis was limited to cigarette smokers, and inten-
their total income before taxes for the past calendar sity, duration, and age started were each adjusted for

year, the number of persons supported by this income, the other two. There was no protective effect of smok-
the highest grade level or schooling completed, and the ing cessation. Most subjects who had stopped smoking
occupation they had worked at the longest during their cigarettes had stopped more than 10 years prior to
adult life. A socioeconomic status (SES) level was interview, with over 23 percent of the cases and 19 per-

assigned to each occupational code using a three-level cent of the controls having stopped for 30 or more
scale (low, medium, high) based on income and edu- years. These effects remained when the analysis was re-

cation levels required for that particular occupation, stricted to cigarette smokers and ORs were adjusted
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Table 2. Risk of adenocarcinoma of the esophagus and Table 3. Risk of adenocarcinoma of the esophagus and

esophagogastric junction in White men according to smok- esophagogastric junction in White men according to type of
ing characteristics alcohol"

Characteristic No. of No. of OR °,b (CI) = Type of alcohol No. of No. of ORb`= (CI) _
cases controls cases controls

Tobacco status Never drank alcohol 32 155 1.0 --
Nonsmoker 16 160 1.0 -- Drank alcohol 142 595 0.9 (0.6-1.4)

Pipe/cigar only t 1 65 1.5 (0.6-3.6) Drinks/week"
Cigarettes 146 517 2.1 (1.2-3.8) < 8 38 222 0,7 (0.4-1.3)

8-21 42 204 0.8 (0.4-1.3)
Cigarettes 22-56 43 132 1.1 (0,6-1.9)
Intensity (no/day) _56 18 37 1.5 (0.7-3.1)

<20 18 125 1.1 (0.5-2.4)
20-39 91 271 2.4 (1.3-4.4) Never drank liquor 64 342 1.0 --
_>40 3.7 119 2.6** (1.3-5,0) Drank liquor 110 408 1.6 (1.1-2.4)

Drinks/week"
Duration (yrs) < 8 50 257 1.3 (0.8-2.0)

< 30 60 223 2.5 (1.3-4,7) 8-1 24 78 1.8 (1.0-3.2)
30-39 38 122 2.5 (1.3-4,9) 15-28 21 50 2.1 (1.1-4.0)
>t40 46 156 1.6 (0.8-3,2) _>29 13 22 2.8* (1.2-6.3)

Age started (yrs) Never drank beer 60 275 1.0 --
21 55 75 2.4 (0.5-3.2) Drank beer 114 475 0.6 (0.4-0.9)

16-20 68 273 1.9 (0.9-3.2) Drinks/week,
< 16 23 168 2.5 (0.9-3.6) < 8 46 254 0.6 (0.4-1.0)

Smoking status 8-14 26 97 0.7 (0.4-1.2)
Current smoker 47 186 1.7 (0,9-3.2) 15-28 21 71 0.6 (0.3-1.1)

Stopped 1-9 yrs 26 97 2.0 (1.0-4.1) t>29 50 20 0.6 (0.3-1.3)

Stopped 10-19 yrs 28 92 2.4 (1.2-4.9) Never drank wine 127 492 1.0 --
Stopped 20129 yrs 21 78 2.2 (1.0-4.7) Drank wine 47 258 0.9 (0.6-1.4)
Stopped _>30 yrs 23 64 3.1 (1.5-6.6) Drinks/week"

Filter status < 3 19 119 0.9 (0,5-1.5)

Filters only 10 71 1.4 (0.6-3.3) 3-13 17 101 0.8 (0.4-1.5)
Nonfilters only 53 137 2.9 (1.5-5.4) _>14 11 35 1.6 (0.7-3.8)

Both 75 273 2.0 (1.1-3.7) =1 drink is equal to 12 oz of beer, 4 oz of wine, 1.5 oz of liquor.

=All estimates relative to the 16 cases and 160 controls who never b Estimates are adjusted for age, area, smoking, and income.
smoked tobacco, c Each type of alcoholic beverage is adjusted for amount of the

b Estimates are adjusted for age, area, liquor use, and income, other two.
c(CI) = 95% confidence interval, d(CI) = 95% confidence interval.
*P for trend < 0.05. *Pfor trend < 0.05.
**P for trend < 0.01.

for cigarette smoking intensity. A marked difference in cantly elevated (OR = 1.5) for the highest consump-

risk by filter status was seen, with subjects who tion category (more than 56 drinks per week). When

smoked only nonfilter cigarettes (OR = 2.9) having ORs were calculated for use of specific types of

twice the risk of subjects who smoked only filter ciga- alcoholic beverages adjusted for amount of the other

rettes (OR = 1.4). The risk for the subset of subjects two, a significant increase in risk was associated with

who had switched from nonfilters to filters was 1.6 drinking liquor (OR = 1.6). There was no risk for use

(0.9-3.0). Among smokers who used only nonfilter of wine (OR = 0.9) and the risk for beer consumption

cigarettes, the ORs rose to 4.0 (1.3-5.9) for those who was significantly reduced (OR = 0.6). Use of moon-

smoked at least two packs per day and to 3.4 (1.7-7.0) shine (home brewed liquor) was not included in the

for those who inhaled. These risks remained elevated analysis because it was reported by only six cases (3.4

when the analysis was restricted to smokers of nonfil- percent) and 31 controls (4.1 percent). A significant

ter cigarettes, and inhalation and intensity were each dose gradient was seen for number of drinks of liquor

adjusted for the effect of the other, consumed, the OR reaching 2.8 in the highest category

Use of alcoholic beverages was reported by 82 per- (more than four drinks per day). When the analysis was

cent of the cases and 79 percent of the controls restricted to liquor drinkers and ORs were adjusted for

(adjusted OR = 0.9) (Table 3). Risk was nonsignifi- amount of liquor consumed, risk was not related to the
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Table 4. Riskofadenocarcinomaof theesophagusandesophagogastricjunctioninWhitemenaccordingtothecombined
effectsof cigarettesandhardliquor"

Drink Cigarettesmoking

< 1pack/day >_1pack/day

No.of No.of OR (CI)b No.of No.of OR (CI)=
cases controls cases controls

< 8/week 32 309 1.0 -- 82 288 2.4 (1.5-3.8)
_>8/week 13 38 2.4 (1.1-5.1) 45 102 3.8 (2.2-6.4)

• Estimatesareadjustedforage,area,andincome.
b(CI)= 95%confidenceinterval.

age at first consumption, the number of years liquor Table 5. Riskof adenocarcinomaof the esophagusand
was consumed, or the use of mixers. Among liquor esophagogastricjunctioninWhitemenaccordingto socio-
drinkers, risk was nonsignificant]y elevated for sub- demographiccharacteristics=
jects who usually drank gin or vodka (OR = 1.7, 95

Characteristic No. of No. of OR b (CI)o
percent confidence interval [CI] = 0.9-3.3) or whiskey cases controls
(OR = 1.3, CI = 0.7-2.4) compared with subjects who
usually drank bourbon , scotch, or rye. Recentannualincome($)_>50,000 22 179 1.0 --

The risks from combined exposure to cigarettes and 25,000-49,999 46 215 1.6 (0.9-2.9)"
liquor are presented in Table 4, where separate effects 10,000-24,999 62 242 1.7 (0.9-3.3)

of each are seen. Although it was not possible to dis- < 10,000 26 53 3.4" (1.5-7.4)
tinguish statistically between additive, multiplicative, Education
or intermediate models, risk was greatest (OR = 3.8) > Highschool 68 344 1.0

for subjects who smoked at least one pack of cigarettes High school 44 210 0.7 (0.4-1.1)
per day and drank at least eight drinks of liquor per < High school 62 190 0.7 (0.4-1.2)
week. SES from occupation

A history of ulcer was reported by 24 percent of the High 29 165 t .0 --
cases and 14 percent of the controls (OR= 1.7, Medium 74 362 1.1 (0.7-1.9)
CI = 1.1-2.6). The risk remained significantly elevated Low 70 22O 1.6 (O.8-3.O)

(OR = 1.7, CI = 1.1-2.8) when the analysis was re- •Estimatesare adjustedforage, area, smoking,liquoruse, and
stricted to the 35 cases and 91 controls who had had numbersupported.
their ulcer diagnosedby a doctor more than five years =Eachsociodemographiccharacteristicisadjustedfortheother
before interview. For this latter group, risk was great- two.

c (CI) = 95% confidence interval.
est for ulcers of the duodenum (OR = 2.2, CI = 1.0- *Pfortrend<0.05.
4.6), followed by the stomach and duodenum
(OR= 1.4, CI =0.2-8.3), and stomach (OR= 1.3,

CI = 0.7-2.5). All ORs were adjusted for smoking, partly determined by socioeconomic factors), the ORs
liquor use, and income, changed only slightly.

Results from the analysis of the socioeconomic vari- When risks for selected smoking, alcohol, and SES
ables (recent annual income, highest level of schooling variables were analyzed separately for esophageal and
completed, and SES derived from usual occupation) are EG junction cases, patterns of risk were similar for the
presented in Table 5. Inverse risk gradients were seen two anatomic categories. The ORs, however, tended to
with both increasing income and SES based on occu- be somewhat higher for the esophageal cases.
pation, with smoking- and drinking-adjusted ORs

reaching 3.4 and 1.6, respectively, for the lowest Discussion
income and SES categories. A similar pattern was not
seen for level of education, with a nonsignificantly Previous studies in the US and other Western countries

lower risk among those with less than a high school have consistently shown that consumption of ciga-
education. When risk estimates for the socioeconomic rettes and alcoholic beverages are the major risk factors
variables were recalculated without adjustment for for esophageal cancer, s,9 The large majority of the
smoking and drinking (two factors which may be tumors studied, however, have been squamous cell car-
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cinomas, until recently the predominant cell type of OR for beer consumption was significantly less than
esophageal cancer in both races.' Prior research has also 1.0. In contrast, risks of squamous esophageal cancers
shown that smoking is linked to a modest increase in have been reported to be sharply elevated among heavy
stomach cancer risk, while alcohol intake has generally drinkers of all types of alcoholic beverages. ",'4,'°-'2In-
not been found to be a stomach cancer risk factor. '°,*' deed, several clusters of exceptional esophageal cancer
Nearly all the stomach cancers have been adenocarci- mortality have been linked to consumption of specific
nomas, typically located in the lowest portions of the alcoholic beverages, e.g., apple brandies in France,"
stomach and not near the EG junction. Thus, itwasnot cachaca in Brazil,24 moonshine in South Carolina
clear at the start of our investigation whether risk fac- (USA)," and whiskeys and beer in Washington, DC) °
tors for adenocarcinomas of the esophagus would Alcohol use has been unrelated to risk of stomach can-
more closely resemble those for squamous cell cancers cers in most studies, including those focusing on gastric
of the esophagus or adenocarcinomas of the stomach, cardia tumors, 1_._7'9but there are some exceptions) s
or would show unique features. Similar to the finding Few studies have evaluated the role of alcohol in eso-
of Gray et al _2our data suggest that the risk associated phageal adenocarcinomas, but in Canada, risks associ-
with tobacco and alcohol use is closer in magnitude to ated with drinking were stronger for lower esophagus
the risk for lower stomach cancers than to the risk for and EG junction adenocarcinomas than for stomach
squamous cell cancers of the esophagus, cancers. '2Kabat et al _6reported a significant increase

We found that use of cigarettes was significantly among hard liquor drinkers, similar to our finding.
related to risk of adenocarcinoma of the esophagus and Although whiskey may contain compounds besides
EG junction, with a doubling of risk for smokers of ethanol which are carcinogenic, ",26it is not clear why
more than one pack a day. Risk was also related to type an association with cancers of the esophagus and EG
of cigarette smoked. Smokers of nonfilter cigarettes junction would be limited to liquor drinkers. Consist-
showed the highest risks and the strongest patterns of ent with findings by Kabat etal,'6we found that the risk
dose-response with intensity and inhalation. Subjects for exposure to both smoking and alcohol was greater
who switched from nonfilter to filter cigarettes experi- than to either one alone. The interaction in our study
enced half the risk of those who only smoked nonfilter appeared to be most consistent with an additive model,
cigarettes, suggesting that filters may block some of the however, we lacked the power to distinguish statisti-
components of cigarette smoke carcinogenic to the cally between an additive and a multiplicative model.
esophagus. Unlike findings for squamous cell carci- Even though we did not collect information on Bar-
noma of the esophagus, '3.14cessation of smoking con- rett's esophagus, a recognized precursor lesion for
ferred no protective effect, even for subjects who had adenocarcinoma of the esophagus,_,_we did find that
stopped for more than 20 years. The lack of an associ- risk was significantly elevated among those with a
ation with smoking cessationhelps explain why trends history of ulcer, especially those located in the duo-
in esophageal adenocarcinoma do not paralleLthe denum. MacDonald and MacDonald 27reported a simi-
trends in smoking prevalence (which is declining .5) in lar finding: 27 percent of their cases had peptic ulcer,
the United States. The absence of a cessation effect also with the majority located in the duodenum. Our find-
suggests that smoking acts at a relatively early stage in ing is unlikely to be a result of early clinical disease
the development of esophageal adenocarcinomas and since the excess risk persisted when the analysis was
that the effects of smoking in adolescence and early restrictedto subjects whose ulcerpreceded theircancer
adulthood may be permanent.These findings are con- diagnosis by more than five years. Unfot:tunately, we
sistent with those of Kabat et al _ who reported that didnot obtain data on ulcer medication or medical con-
risk for esophageal adenocarcinoma was significantly ditions related to Barrett's esophagus, such as esoph-
elevated for ex-smokers. They also found a relative risk ageal reflux.2s,29Therefore, we were unable to
of around 2.0 for cigarette smokers and a dose-res- determine more specifically the role of ulcer in these
ponse with intensity of use. Limited data from other tumors. It is of interest, however, that Helicobacter
countries have reported smoking to be a risk factor for pylori infection appears to be related to duodenal ulcer,
gastric cardia cancer in Japan .7 and China, 's but not but not to adenocarcinoma of the EG junction. 3°
Italy. '9 A significantly elevated risk was found for subjects

Our results for alcoholic beverage consumption with recent annual incomes of less than $10,000.
were less clear. Only the trend for use of liquor was Although not significant, subjects whose usual job was
significant, with the OR approaching 3.0 among the classified as low SES were also at excess risk. Inverse
heaviest drinkers. Trends of rising risk with increasing associations with social class are commonly found for
intake were not significant for all types of alcholic bev- both squamous esophageal cancer and stomach can°
erageS:combined, or for use of beer or wine. In fact, the cers,8,9,31but have not previously been reported for
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fore, is needed to explain the rapid rise in incidence of RM. Trends in cigarette smoking in the United States.Projections to the year 2000.JAMA 1989;261: 61-5.
these tumors and to clarify etiologic factors for these 16. Kabat GC, Ng SKC, Wynder EL. Tobacco, alcohol
emergent cancers, intake, and diet in relation to adenocarcinoma of the eso-
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4: 123-32.
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