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Abstract

Purpose—Although risk factors for squamous cell carcinoma of the esophagus (SCC) and
adenocarcinomas of the esophagus (EA), gastric cardia (GC) and other (non-cardia) gastric sites
(OG) have been identified, little is known about interactions among risk factors. We sought to
examine interactions of diet, other lifestyle, and medical factors with risks of subtypes of
esophageal and gastric cancer.

Methods—We used classification tree analysis to analyze data from a population-based case-
control study (1,095 cases, 687 controls) conducted in Connecticut, New Jersey, and western
Washington State.

Results—Frequency of reported gastroesophageal reflux (GERD) symptoms was the most
important risk stratification factor for EA, GC, and OG, with dietary factors (EA, OG), smoking
(EA, GC), wine intake (GC, OG), age (OG), and income (OG) appearing to modify risk of these
cancer sites. For SCC, smoking was the most important risk stratification factor, with GERD,
income, race, non-citrus fruit, and energy intakes further modifying risk.

Conclusion—Various combinations of risk factors appear to interact to affect risk of each cancer
subtype. Replication of these data-mining analyses are required before suggesting causal
pathways; however, the classification tree results are useful in partitioning risk and mapping
multi-level interactions among risk variables.

Keywords

esophageal adenocarcinoma; gastric cardia adenocarcinoma; diet; gastroesophageal reflux;
classification tree; CART

Introduction

Adenocarcinoma of the esophagus and, to a lesser extent of the gastric cardia, has been
increasing in incidence [1-3]. It has been reported that the annual incidence of esophageal
adenocarcinoma increased 350% between 1976 and 1994 [2], and Holmes and colleagues
reported a 6.75-fold increase among white men between 1973 and 2002 [4]. Increases have
been found in the United States [1-5], Great Britain, Australia, The Netherlands, Denmark,
and other western nations [6]. Etiologic studies in the United States and elsewhere have
identified several important risk factors, including cigarette smoking [7-10], obesity [11-
14], and gastroesophageal reflux (GERD) [15-17]. It has also been shown that Helicobacter
pylori colonization may be protective for esophageal and gastric cardia adenocarcinoma,
particularly so for CagA-positive strains [18-20].

Epidemiologic studies have reported that fruit and vegetable consumption may be inversely
associated with risks of esophageal and gastric cancer without regard to subsite or histologic
type [21]. A review of the literature conducted by Thrift et al. [22] indicated that a moderate
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to substantially decreased risk of esophageal adenocarcinoma is associated with regular fruit
and vegetable intake. There is limited evidence, however, examining the role of dietary
factors on subtypes of these cancers in combination with other factors. We have previously
reported significant inverse associations between intake of nutrients found primarily in
plant-based foods and the risk of esophageal and gastric cardia adenocarcinomas [23, 24]. In
addition, Steevens et al. [25] noted a statistically significant reduced risk of esophageal
adenocarcinoma associated with raw vegetable consumption and a significant inverse
association between brassica vegetables and gastric cardia adenocarcinoma among a cohort
of Dutch men and women. However, in the AARP cohort, Freedman et al. found a
significant inverse association between fruit intake and risk of esophageal squamous cell
carcinoma, but not of esophageal adenocarcinoma [26]. While we observed a significant
positive association between intake of meat and animal protein and risk of adenocarcinomas
of the esophagus and gastric cardia [23, 24], Keszei and colleagues [27], in an analysis of
data from The Netherlands Cohort Study, did not find any association between red or
processed meat and esophageal or gastric adenocarcinomas. They did, however, find a
significantly elevated risk of esophageal squamous cell carcinoma associated with both red
and processed meats among men [27]. According to the World Cancer Research Fund expert
panel report, the available evidence suggests a positive association between non-cardia
gastric adenocarcinoma and nitrite-related foods in western countries and salted or preserved
foods in Asian countries [21]. There is also evidence of an inverse association between
dietary fiber intake and risks of adenocarcinoma of the esophagus [11, 23] and of the gastric
cardia [23, 28].

Dietary behaviors are complex. For example, consumption of fruit and vegetables is
associated both positively and negatively with consumption of other food groups [29]. In
addition, dietary behaviors correlate with other health behaviors and demographic factors
[30-32]. Recursive partitioning techniques, including classification trees, have been used as
a means of examining the complex interactions or patterns of risk factors in a variety of
diseases [33, 34] including colon [35] and lung [36] cancer. Classification tree analysis is
agnostic in evaluating interactions that do not need to be pre-specified, in contrast to
standard regression models, in which interactions are generally pre-specified [37]. Given
that most cancers are multifactorial in nature, often involving combinations of both host and
genetic factors in determining risk, classification tree models can give clues to important
interactions by sorting through the complex, multi-level nature of risk factors associated
with these cancers. Thus, the purpose of this analysis was to explore a variety of dietary and
lifestyle variables as predictors of risk of subtypes of esophageal and gastric cancer, to
understand better which of these correlated variables appears to be most important for risk
stratification, and to examine multi-level interactions involving these same variables.

Subjects and methods

Study population

Subject recruitment and data collection methods have been reported in detail [9]. Briefly, a
multi-center, population-based case-control study of esophageal adenocarcinoma, gastric
cardia adenocarcinoma, esophageal squamous cell carcinoma, and adenocarcinoma of other
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anatomic sites of the stomach was conducted. Because the original motivation for the study
was to discover risk factors for esophageal adenocarcinoma and gastric cardia
adenocarcinoma due to their increasing incidence, these cancer types were termed the target
cases, whereas esophageal squamous cell carcinoma and non-cardia gastric adenocarcinoma
were termed the comparison cases (with declining incidence rates). The project sought to
enroll case groups of approximately equal size, using population-based tumor registries,
within the entire state of Connecticut, a 15-county area of New Jersey, and a 3-county area
of western Washington State, along with controls. Institutional review board approval was
obtained from all participating centers and from the Connecticut Department of Public
Health.

Participants were English-speaking men and women between 30-79 years of age who had
been newly diagnosed between 1993 and 1995 with one of the cancer types noted above,
along with population-based controls. Attempts were made to recruit all target cases and a
random sample of comparison cases, frequency matched to target cases on 5-year age group,
gender (in New Jersey and Washington State), race (in New Jersey) and geographic area.
Cases were identified via rapid reporting systems in each of the three areas. Pathology
reports were sought for all potentially eligible cases; slides and medical records were
systematically reviewed by two study pathologists in order to determine final eligibilty.

Population based controls were randomly selected from the general population of each study
area and were frequency matched to the expected distribution of target cases by 5-year age
group, gender, and geographic area. Controls aged 30-64 years were recruited using
Waksberg random digit dialing methods [38]; those aged 65-79 years were identified by
random selection from rosters maintained by the Health Care Financing Administration.

In-person interviews were completed for 81% of eligible target cases, 74% of eligible
comparison cases, and 70% of eligible controls. The mean time between case diagnosis and
interview was 3.7 months. Thirty-four subjects were seriously ill and unable to complete the
dietary portion of the questionnaire and were therefore were excluded from analyses. After
additional exclusion of 23 persons because of implausible energy intakes (< 600 Kcal/d, n =
20 or >5000 Kcal/d, n = 3), the dietary analyses included 1,782 subjects: 687 controls, 282
cases with esophageal adenocarcinoma, 255 with gastric cardia adenocarcinoma, 206 with
esophageal squamous cell carcinoma, and 352 with non-cardia gastric adenocarcinoma.
Proxy interviews for deceased subjects were more common among cases (esophageal
adenocarcinoma =31%, adenocarcinoma of the gastric cardia = 26%, esophageal squamous
cell carcinoma = 35%, and non-cardia gastric adenocarcinoma = 30%) than among controls
(3.4%).

Data collection

Study participants, or if necessary, close relatives who served as proxy respondents, were
administered structured in-person questionnaires by trained interviewers after informed
consent was obtained. The questionnaire contained questions on demographics, diet and
lifestyle variables including tobacco, alcohol, other beverage use (e.g., coffee, tea), medical
history, use of medications, and occupational history. A previously validated [39] food
frequency questionnaire (although not validated for proxy respondents) developed by
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investigators at the Fred Hutchinson Cancer Research Center (FHCRC) was adapted to
assess usual consumption in the period 3-5 years before diagnosis (cases) or interview
(controls). After food frequency questionnaire data were entered and verified, they were sent
to the FHCRC for processing and were initially linked with the University of Minnesota
Nutrition Coding Center Nutrient Data system for estimation of nutrient intake. Average
daily intake of dietary nitrite (mg/day) was estimated separately, through software and
databases developed and maintained by the authors [40]. Food subgroup variables were
defined as previously described and represent servings per day [24]. The following medical
and lifestyle variables were also included in the classification tree analysis: body mass index
calculated using self-reported usual adult height and weight (continuous), average number of
cigarettes smoked per day (in the year prior to interview; continuous), average number of
drinks of beer, wine and liquor per day (each separately; in the year prior to interview;
continuous), and reported frequency of GERD symptoms per year (continuous).

Statistical analysis

For each cancer subtype separately, we performed classification tree analysis [37, 41] to
relate risk factors and their interactions with cancer risk. This method uses binary recursive
partitioning whereby observations are repeatedly bifurcated into “nodes,” based on the
considered risk factors for predicting outcome, which, in this study is case vs. control status.
For each of the cancers under study, 35 risk variables, as described in Table 1, were
considered for selection in the tree building process. Both continuous and categorical
predictors were included in the models. Node splits in continuous variables can occur at any
value and were not predetermined.

The root, or parent, node included all cases of a given cancer subtype and all controls. We
used CART™ software to evaluate all potential variables, and selected the best variable on
which to split. The goal was to create two child nodes that are as different as possible in
terms of representation of case versus control risk. That is, ideally, one of the subsequent
child nodes would contain 100% cases and the other would contain 100% controls, thus
yielding maximum separation between the nodes and minimizing the variation within each
node. In our analysis we utilized a numerical criterion called Gini diversity, available within
the CART " software, to maximize node separation [41]. This method of selecting the best
splitter is repeated for each of the two child nodes resulting from the initial split. This
process is further repeated until no additional beneficial splits can be made.

The resulting tree perfectly fits the data set. That is, it will pick up residual noise in the data
analogous to saturated over-fitting in traditional regression models. While this tree will
perfectly fit the data, it would likely result in high misclassification rates if applied to an
independent data set. The next step in our modeling was therefore to prune the tree in order
to obtain the smallest number of nodes without sacrificing goodness-of-fit [41].
Classification tree analysis uses a method of cost-complexity pruning in which child nodes
are pruned and the predicted misclassification cost is compared to the change in tree
complexity, yielding a number of smaller, nested trees [41]. The program then utilizes a
cross-validation technique, splitting the dataset into 10 random but mutually exclusive
subsets, each representing 10% of the study population, stratified by the outcome of interest.
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The first time the model is run, the first subset of 10% is set aside as a test dataset and the
remaining 90% is used to generate (i.e., train) a tree. This training tree is then compared to
the test data in order to calculate the misclassification rate. This process is then repeated 10
times, with a different subset of the data reserved as the test dataset each time.
Misclassification rates for each potential tree are calculated and used to select the optimal
tree, which yields the most complex subtree while minimizing misclassification. These steps
are described in detail in Breiman et al. [41] and are part of the CART™ software package
used for this analysis.

The final tree for our analysis of each subtype of esophageal and gastric cancer included
information on splitting nodes and terminal nodes. Each node contains information on
number of controls (top number of uppermost box or oval) and number of cases (bottom
number of uppermost box or oval). Terminal subsets are represented by square boxes and
are identified by letter in the lower left corner. The proportion in the bottom right corner of
each terminal subset gives the probability of being a case in that group. Given that the
number of cases with a particular subtype was lower than the number of controls (e.g., 282
esophageal adenocarcinoma cases versus 687 controls in Figure 1 or approximately 29%
cases), terminal subsets enriched in cases (e.g., > 0.29 for Figure 1) are considered higher
risk nodes and have been bolded and italicized accordingly as has been done by others using
this analytic approach [42].

We conducted sensitivity analyses in which we excluded proxy respondents.

adenocarcinoma

The classification tree for esophageal adenocarcinoma is presented in Figure 1 (n = 969). Six
of the potential 35 variables from the candidate list (Table 1) remained in building the tree.
The sample initially split on number of GERD symptoms/year. Those who reported
experiencing symptoms 6.5 times/year or less comprised the lower risk group representing
primarily controls (cases = 15/176 or 8% of the lower risk group). Those who reported
experiencing symptoms more than 6.5 times/year were classified as the higher risk group
and went on to further subdivisions. As an illustration of the classification of risk using this
tree, among individuals suffering from GERD symptoms more than 6.5 times/year, the data
split occurred such that those who consumed slightly more than Y2 serving of red meat per
day were classified as higher risk compared to those who consumed red meat less
frequently. Additionally, this risk appeared to be modified by non-citrus fruit consumption,
with those with lower intake (data split at < 1.77 servings/day) more likely to be cases (52%,
compared to the overall study population of 29% cases). Overall, the case misclassification
rate was 31%.

Gastric cardia adenocarcinoma

The classification tree, based on the classification of gastric cardia adenocarcinoma case
status, is presented in Figure 2 (n = 942). Four of the potential 35 variables from the
candidate list (Table 1) remained in building this tree, and frequency of GERD symptoms
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split four times within the tree, potentially suggesting a dose-response relationship between
frequency of GERD symptoms and risk (Figure 2). The optimal split of the entire sample
involved frequency of GERD symptoms. According to these analyses, individuals reporting
experiencing infrequent symptoms (data split at 5.5 times/year or less) represent the lower
risk of gastric cardia adenocarcinoma, primarily controls (e.g., 13/159 or 8% cases). Those
who reported experiencing symptoms more than 5.5 times/year went on to further
subdivisions. Based on this tree, individuals experiencing GERD symptoms at least daily
(data split at = 408 times/year) were among those at greatest risk of gastric cardia
adenocarcinoma (e.g., 28/61 or 46% cases). After frequency of GERD symptoms, number of
cigarettes smoked per day also entered the model, with those smoking somewhat more than
half a pack per day (data split at = 13.5 cigarettes per day) more likely to be cases than
controls, though this risk appeared to be moderated somewhat by frequency of GERD
symptoms. Overall, the case misclassification rate was 38%.

Esophageal squamous cell carcinoma

The classification tree, based on the classification of esophageal squamous cell carcinoma
case status, is presented in Figure 3 (n = 893). Six of the potential 35 variables from the
candidate list (Table 1) were selected in building this tree, including variables not selected in
the other tumor site classification trees. The optimal split for this outcome involved number
of cigarettes smoked/day, with values less than or equal to 25.5 (including never smokers,
who made up 35.2% of controls and 9.9% of esophageal squamous cell carcinoma cases)
indicating a lower risk group, and those with values greater than 25.5 representing a higher
risk group. The lowest risk group was those who smoked 25.5 or fewer cigarettes/day who
also reported experiencing low or no GERD symptoms (5.5 times/year or less; e.g., 3/131 or
2% cases). Based on this tree, subjects who smoked greater than 25.5 cigarettes/day whose
income was in the lowest three categories (e.g., <$49,999/yr) were much more likely to be
cases compared to smokers with higher incomes. Similarly, among subjects in the lower
smoking category (25.5 cigarettes per day or less) who reported experiencing GERD
symptoms and who had low non-citrus fruit consumption, non-white subjects were classified
as being at higher risk (11/16 or 69% cases) than their white counterparts (23/153 or 15%
cases). Only one food group (non-citrus fruit) was selected for this cancer site. Overall, the
case misclassification rate was 18%.

Non-cardia gastric adenocarcinoma

The final classification tree, based on the classification of non-cardia gastric
adenocarcinoma case status, is presented in Figure 4 (n = 1,039). Eight of the potential 35
variables from the candidate list (Table 1) remained in building this tree. The optimal split
on the entire sample involved frequency of GERD symptoms per year. The lowest risk
group included those who reported experiencing very infrequent GERD symptoms (4.5 or
fewer times/year; 26/164 or 16% cases). Based on this tree, subjects who experienced
GERD symptoms (data split at > 4.5 times/year) and who were over 68.5 years of age
according to the data split were classified as higher risk. For subjects 68.5 years of age or
younger, risk appears to be affected by consumption of nitrites, refined grains, dark green
vegetables, whole grains, wine, and income, with sometimes complex interactions (e.g.,
subjects with low wine consumption and low income were at higher risk, but subjects with
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high wine consumption, high nitrate consumption, and low dark green vegetable
consumption were also at higher risk). Overall, the case misclassification rate was 25%.

Sensitivity analyses excluding proxy respondents

As in the main analyses that included proxy respondents, when we excluded proxy
respondents we found that GERD was the most important risk stratification factor for
esophageal adenocarcinoma, gastric cardia adenocarcinoma, and non-cardia gastric
adenocarcinoma, and that smoking was the most important risk stratification factor for
esophageal squamous cell carcinoma. The number of variables in the classification tree for
the proxy-excluded analysis compared with the main analysis was four versus six for
esophageal adenocarcinoma, three versus four for gastric cardia adenocarcinoma, three
versus six for esophageal squamous cell carcinoma, and eight versus eight for non-cardia
gastric adenocarcinoma. The following variables were selected as risk stratification factors
in both analyses and were thus the most robust predictors: GERD and non-citrus fruits for
esophageal adenocarcinoma; GERD and education for gastric cardia adenocarcinoma;
cigarettes and income for esophageal squamous cell carcinoma; and GERD, age, whole
grains, and nitrite for non-cardia gastric adenocarcinoma.

In the proxy-excluded analyses the case misclassification rates were 28% for esophageal
adenocarcinoma (compared with 31% in the main analysis), 29% for gastric cardia
adenocarcinoma (compared with 38% in the main analysis), 19% for esophageal squamous
cell carcinoma (compared with 18% in the main analysis), and 26% for non-cardia gastric
adenocarcinoma (compared with 25% in the main analysis).

Discussion

In this large population-based case-control study of men and women in the United States, we
applied agnostic recursive partitioning to our data and generated subsets of subjects that
were relatively homogeneous with respect to important risk variables. Because the risk
variables in each of the classification trees had been previously identified as risk factors [7-
17, 22-24, 43-52], this analysis provides some insight into how these risk factors interact to
increase risk of esophageal and gastric cancer, and their relative importance in risk
stratification.

The trees generated were able to classify correctly between 62-82% of all cases, with the
tree for esophageal squamous cell carcinoma performing the best (18% misclassification
rate) and the tree for gastric cardia adenocarcinoma exhibiting the highest misclassification
error (38%). The final trees for esophageal adenocarcinoma and non-cardia gastric
adenocarcinoma contained factor splits on both dietary and lifestyle variables, whereas the
trees for gastric cardia adenocarcinoma and esophageal squamous cell carcinoma indicated
that dietary variables were relatively unimportant in risk stratification for the majority of
subjects.

The analysis performed here supports the literature, particularly with respect to the critical
role of reported GERD symptoms in risk of adenocarcinoma of the esophagus and gastric
cardia [7, 15, 17, 51]. While our previous analysis of food groups found a significantly
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increased risk of gastric cardia adenocarcinoma associated with consumption of high-fat
dairy foods [24], our classification tree did not select this variable as a split. This is not
surprising given our finding that dairy products tracked closely with GERD in a separate
principal components analysis [53] and the strong association between this cancer and
GERD.

The inclusion of dietary variables such as consumption of red meat and dark green and raw
vegetables as splitting factors for esophageal adenocarcinoma is consistent with our previous
analyses of these data using unconditional multivariate logistic regression analysis [24], as is
the inclusion of refined grains and nitrites as bifurcators for non-cardia gastric
adenocarcinoma. As well, although refined grains were found to track with the meat/nitrite
group in previous analyses [53], refined grains entered into the tree model at two nodes for
non-cardia gastric adenocarcinoma, supporting our previous findings, which suggested
higher consumption of refined grains is a significant, independent, risk factor for non-cardia
gastric adenocarcinoma.

Likewise, the importance of cigarette smoking, income, and race in the esophageal
squamous cell carcinoma tree supports a large body of literature implicating smoking as a
primary risk factor [9, 14]. Given literature regarding alcohol consumption as a risk factor
for esophageal squamous cell carcinoma [9, 14, 43, 54, 55], it may be surprising that alcohol
was not included in this tree. However, in our previous principal components analysis of
these data, we found that cigarette smoking and alcohol consumption tracked so closely that
little residual information was provided by alcohol intake once smoking was included [53].

One limitation of the study was the relatively high prevalence of proxy interviews among
the cases (ranging from 26% for gastric cardia adenocarcinoma to 35% for esophageal
squamous cell carcinoma) combined with the fact that our food frequency questionnaire has
not been validated for proxy interviews. However, in a previous logistic regression analysis
of nutrient intakes in relation to cancer risk in the same study sample, Mayne et al. [23]
found the proxy-included and proxy-excluded results to be nearly identical. In the current
classification tree study, in our sensitivity analyses we found results of the proxy-included
and proxy-excluded analyses to be broadly similar, but with appreciable differences.

Nevertheless, we decided to include the proxy interviews in our main analyses for several
reasons. First, with the exception of non-cardia gastric adenocarcinoma, the proxy-excluded
trees included fewer variables than the proxy-included trees. This difference was likely due
to the decreased size of the case group and resultant decreased statistical power in the proxy-
excluded analyses. Given the similar case misclassification rates in the proxy-included and
proxy-excluded analyses (with the exception of gastric cardia adenocarcinoma), it seemed
reasonable to opt for the greater statistical power.

Second, given that the study population was largely male, and most proxy interviews were
done with spouses [9], the proxies (mostly wives) were likely able to validly report on the
dietary habits, smoking and other behaviors of their spouses (mostly husbands). Lindstead &
Kuzma [56] found that spouses tended to eat the same diet, suggesting that spouses can
report on their partner’s diet with reasonable accuracy. Furthermore, several small studies
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have found diets reported by subjects to be moderately correlated with diets reported by
their spouse [57].

One of the strengths of recursive partitioning is the ability to illustrate that among some
subgroups of individuals with higher risk behaviors, risk can potentially be attenuated by
other “protective’ behaviors. For example, among individuals with more frequent GERD
symptoms who ate more than 0.68 servings of red meat per day, those who ate more non-
citrus fruit had a lower risk of esophageal adenocarcinoma than those who ate less (20%
cases vs. 52% cases in terminal nodes). Likewise, among those who consumed larger
amounts of wine and dietary nitrites, we observed a lower risk for non-cardia gastric
adenocarcinoma among those who consumed more versus less dark green vegetables.

The literature has not consistently identified an association between GERD and non-cardia
gastric adenocarcinoma, and it is therefore surprising that GERD was selected as the
primary split for this cancer. However, Haber et al. [58], in their analysis of reflux
symptoms and gastritis, concluded that all H. pylori positive subjects with GERD symptoms
show some type of gastritis, which has been associated with the development of gastric
neoplasms [59]. While this association is dependent on whether the strain in question is
CagA-positive or CagA-negative, it could, in part, explain our finding.

Overall, these findings are consistent with and extend our own earlier findings that utilized
unconditional multivariate logistic regression techniques to analyze these variables
separately, suggesting that tree-based methods may be useful in partitioning risk for these
cancers. These trees also provide some amount of internal validity by their concurrence with
risk factors previously identified by our studies, which utilized more traditional analytic
methodologies.

One of the advantages to using the classification tree analysis method is that logistic
regression methods can only evaluate interactions that are selected a priori, whereas
recursive partitioning techniques have the ability to reveal interactions that may not have
been otherwise considered. Thus, future investigations of potential risk factors can take into
account variables that only exert influence when in the presence of additional risk factors.
Another important strength of classification tree analysis is its use of splitting algorithms to
select cut points for continuous risk variables, which need not be normally distributed [41].
As well, this type of analysis allows for the inclusion of the same risk variable at different
levels of the tree using different cut points. However, while variables can enter the tree
repeatedly at different levels, thus implying a dose-response relationship, classification tree
analyses do not allow for measuring dose-response in a straightforward manner.

The classification tree analyses presented here are the first to attempt to model multi-level
interactions in esophageal and gastric cancers. A limitation of this type of analysis is that
trees are grown based on maximizing magnitudes of odds ratios across splits and given the
large number of splits considered, interpretation becomes increasingly challenging. Given
that measurement error is inherent in dietary assessment methods, the interpretation of lower
nodes may become suspect, particularly when these nodes represent a small subsample of
the study population and may therefore be less clinically important. This problem is
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fortunately mitigated during the pruning phase of the CART tree development. It is
important, however, that these precise nodes and cut points not be over-interpreted, but
rather, they should be viewed as identifying which variables are potentially most important
for risk stratification. Further, because frequency of reflux symptoms was the primary split
for esophageal and gastric adenocarcinomas, as was cigarette smoking for esophageal
squamous cell carcinoma, our results suggest reasonable points to start partitioning risk from
a clinical standpoint as well. Nevertheless, validation of pruned trees in separate studies will
assist in confirming that such results do not overfit the data or represent chance findings.
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Classification Tree: Lifestyle factors and risk of esophageal adenocarcinoma, from United States multicenter, population-based

study (1993-1995).

Each group contains the number of controls (top number of uppermost box) and the number of cases (bottom number of
uppermost box). Terminal subsets are represented by square boxes and are identified by letter in the lower left corner. The
proportion in the bottom right corner of each terminal subset gives the probability of being a case in that group. Because the
prevalence of cases in the total sample was 29%, terminal subsets comprised of more than 29% cases are considered higher risk

groups for classification purposes and are highlighted in bold italics.
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Figure 2.
Classification Tree: Lifestyle factors and risk of gastric cardia adenocarcinoma, from United States multicenter, population-

based study (1993-1995).

Each group contains the number of controls (top number of uppermost box) and the number of cases (bottom number of
uppermost box). Terminal subsets are represented by square boxes and are identified by letter in the lower left corner. The
proportion in the bottom right corner of each terminal subset gives the probability of being a case in that group. Because the
prevalence of cases in the total sample was 27%, terminal subsets comprised of more than 27% cases are considered higher risk
groups for classification purposes and are highlighted in bold italics.
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Classification Tree: Lifestyle factors and risk of esophageal squamous cell carcinoma, from United States multicenter,
population-based study (1993-1995).

Each group contains the number of controls (top number of uppermost box) and the number of cases (bottom number of
uppermost box). Terminal subsets are represented by square boxes and are identified by letter in the lower left corner. The
proportion in the bottom right corner of each terminal subset gives the probability of being a case in that group. Because the
prevalence of cases in the total sample was 23%, terminal subsets comprised of more than 23% cases are considered higher risk
groups for classification purposes and are highlighted in bold italics.
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Figure 4.

Classification Tree: Lifestyle factors and risk of non-cardia gastric adenocarcinoma, from United States multicenter, population-
based study (1993-1995).

Each group contains the number of controls (top number of uppermost box) and the number of cases (bottom number of
uppermost box). Terminal subsets are represented by square boxes and are identified by letter in the lower left corner. The
proportion in the bottom right corner of each terminal subset gives the probability of being a case in that group. Because the
prevalence of cases in the total sample was 34%, terminal subsets comprised of more than 34% cases are considered higher risk
groups for classification purposes and are highlighted in bold italics.
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Table 1

Potential explanatory variables in a United States multi-center, population-based case-control study of
esophageal and gastric cancer (1993-1995)

Demographic Variables
Gender Education (categorical, 7 levels)
Age (continuous) Income (categorical, 6 levels)

Race (White/non-White)

Dietary VariablesT

Fruit and other Juices High-fat Dairy products
Citrus Fruit Whole Grains
Non-citrus Fruit Refined Grains
Cruciferous Vegetables Fish
Deep yellow Vegetables Poultry
Low Vitamin A cruciferous Vegetables High-nitrite Meats
Dark green leafy Vegetables Red Meats
Starchy Vegetables Meat Alternates
Raw Vegetables Nitrites (mg/day)
Dry beans and peas (legumes) Dietary Fiber (mg/day)
Tomato products Vitamin C (mg/day)
Low-fat Dairy products Energy intake (Kcal/day)

Medical variables
Body mass index (kg/m?) (continuous) ~ Gastroesophageal reflux symptoms (per year)
Lifestyle variables
Beer (drinks/day) Liquor (drinks/day)
Wine (drinks/day) Cigarette smoking (cigarettes/day)

TServings/day unless otherwise noted
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