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Abstract

Risk factors driving sex disparity in esophageal cancer are unclear. Recent molecular evidence
suggests hormonal factors. We conducted a national descriptive epidemiological study to assess
the hypothesis that estrogen exposure could explain the male predominance in observed
esophageal adenocarcinoma incidence. We analyzed the esophageal cancer incidence trends by
histology and sex from 1973 to 2008 in nine population-based cancer registries of the Surveillance
Epidemiology and End Results (SEER) 9 Registry Database. We used age as a proxy for estrogen
exposure in females. The collective age-groups annual percentage change in esophageal
adenocarcinoma for females is positive (0.03%; 95% confidence interval: 0.02, 0.03%) during the
study period. Interestingly, the esophageal adenocarcinoma annual percentage change in incidence
rates for females during the same time period is significantly negative from ages 50-54 to ages
60-64. Even though the incidence of esophageal adenocarcinoma rises in both males and females,
the male to female ratio across age peaks in the 50-54 years then decreases. Furthermore, the
esophageal adenocarcinoma age-adjusted incidence rate in post-menopausal females age 80 and
above increases with age unlike their male counterparts. Taken together, these data support the
hypothesis that the endocrine milieu in pre- and peri-menopausal females serves as a protective
factor against esophageal adenocarcinoma, and with loss of estrogen or due to the increasing time
period away from estrogen exposure, the rate of esophageal adenocarcinoma incidence increases
in the older post-menopausal female. Since females comprise the largest portion of the elderly
population with esophageal adenocarcinoma, these findings are significant.
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Introduction

Esophageal cancer is among the most deadly malignancies of the gastrointestinal tract (1)
with the two most common histologies being esophageal adenocarcinoma and esophageal
squamous cell carcinoma. Esophageal adenocarcinoma incidence is 6-10 times higher, and
esophageal squamous cell carcinoma incidence is 2-3 times higher, in men than women (2).
Esophageal adenocarcinoma incidence has also been increasing in white males more rapidly
than any other solid neoplasm in the Western world (3). The factors responsible for the sex
disparity in esophageal adenocarcinoma incidence have not been defined, and do not appear
to be exclusively associated with changes in known risk factors (4, 5). Recent reports
suggest that hormonal factors may play a role in the observed sex disparity in esophageal
adenocarcinoma incidence (6-10).

The current literature examining esophageal cancer incidence by age and sex over time is
limited. There is a paucity of epidemiologic studies assessing estrogen exposure as a
contributor to the sex ratio incidence differences seen in esophageal cancer. We conducted a
national descriptive epidemiological study to assess the hypothesis that estrogen exposure
could explain the sex disparity in observed esophageal adenocarcinoma incidence.

Materials and Methods

We analyzed esophageal adenocarcinoma incidence trends from 1973 to 2008 in the nine
population-based cancer registries, individually and collectively, in the National Cancer
Institute Surveillance Epidemiology and End Results (SEER) Research Database. The
annual percentage change in incidence rates for esophageal cancer from SEER 9 in 1973 —
2008 is based on rates age-adjusted to the 2000 U.S. standard population. Linear regression
models with joinpoint were used when analyzing trend changes of annual percentage change
(APC) (NCI Joinpoint Program Version 3.5 and R). Analytic software identified when
annual percentage change was significantly different from zero (p<0.05) and the points at
which trend changed. The SEER Stat Software was used to calculate incidence rates (and
95% confidence intervals (CI)) per 100,000 person-years for males and females. Age-
adjusted incidence rates were tabulated by years, age groups, race, both sex and overall.
Delta method was applied when calculating male-to-female ratios in each five year age
group for esophageal adenocarcinoma beginning at age 40 until age 84.

SEER 9 registries are located in Atlanta, Detroit, San Francisco, Seattle, Utah, New Mexico,
lowa, Hawaii, and Connecticut. All SEER sites are obliged to meet the Gold Standard
Registry Certification from the North American Association of Central Cancer Registries,
Inc., for completeness, accuracy, and timeliness of data. To obtain access to the SEER
database we completed a data user agreement and the data were maintained on a password
protected computer. This study was approved by the Johns Hopkins Institutional Review
Board as exempted research.
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Esophageal cancer histology in the SEER Research Database is coded according to the
International Classification of Disease for Oncology (ICD-O) version 3. The codes 8140-
8575 were used to identify esophageal adenocarcinoma.. We used age as a proxy for
estrogen exposure in females as endogenous estrogen production decreases with the onset of
menopause, which is largely age dependent. Calendar time changes in incidence rates were
assessed to confirm secular trends in the occurrence of esophageal adenocarcinoma in men
and women.

The annual percentage change in the collective (all age groups together) age-adjusted
incidence rates for esophageal adenocarcinoma by sex reveals a positive and statistically
significant increasing rate after 1983 for both females (0.03%; 95% CI 0.02-0.03%, 1983—
2008) and males (0.05%; 95% CI: 0-0.1%) (Figure 1). Annual positive percentage change is
significantly higher in males than in females during this period. Males also increased
significantly, though moderately, during the period 1973-1980 (0.05%; 95% CI: 0-0.1%)
(Figure 1).

In contrast to males, the annual percentage change of incidence in esophageal
adenocarcinoma across ages 50-54 to 60-64 years was negative and significantly below
zero in the females (Table 1). In males across ages 40-44 to 70-74 years, the annual
percentage change of incidence in esophageal adenocarcinoma increases and the annual
percentage change across age is significantly above zero. Otherwise, the annual percentage
change is comparable to zero for women in ages 65-69 and older and for men ages 75-79 or
older (Table 1). By ages 80-84 the annual percentage change is negative and significantly
below zero for males (Table 1). When esophageal adenocarcinoma incidence rates are
viewed across the age continuum, overall incidence trends differ by histology and sex.
Esophageal adenocarcinoma incidence in men is higher, increases faster at all ages and
begins increasing at an earlier age compared to females (50-54 versus 55-59) (Figure 2).
The graph of females shows more slowly increasing rate at all ages while the females aged
40-49 to 60-64 experienced a relatively flat trajectory (Figure2). Age-adjusted esophageal
adenocarcinoma incidence rate in the post-menopausal females did not peak at 80-84 like
their male counterparts, but instead continuously increased into the oldest age group (Figure
2). This finding was also evident within the six individual SEER sites with data sufficient to
perform this statistical analysis.

Evaluating the relationship between male and female esophageal adenocarcinoma incidence
over age revealed that the overall male to female ratio of esophageal adenocarcinoma
incidence is 7.66 during 1973 — 2008 (95% CI: 7.28-8.06) (Fig. 3). Even though the
incidence of esophageal adenocarcinoma rises in both males and females, the esophageal
adenocarcinoma male-to-female ratio is highest at 50-54 years and progressively declines
thereafter. The esophageal adenocarcinoma male to female ratio decreases from a high of
11:1 at age 50-54 to a low of 4:1 in those aged 75-79. Our analysis revealed that the age-
specific male to female ratio shifts abruptly (statistically significant joinpoint in 50-54
years) in the peri-menopausal period (Figure 3). We also evaluated the male to female ratio
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over five different time periods between 1973 and 2008 and found a decreasing sex ratio
after age 50-54 in all time periods for esophageal adenocarcinoma.

Discussion

We observed the previously reported epidemic increase of esophageal adenocarcinoma in
white males seen over the past three decades (11). While the majority of the esophageal
cancer epidemiology literature focus has been on studying this epidemic increase in males,
few studies have examined the epidemiology of esophageal cancer over different time
periods for different age groups by sex (12). Our study does not focus on the well-
characterized trend in white male esophageal adenocarcinoma, but instead evaluates the sex
disparity in esophageal adenocarcinoma incidence over time and reveals a pattern and a
troubling trend for esophageal adenocarcinoma incidence within the aging post-menopausal
female population. To our knowledge, there is only one age-period-cohort assessment
conducted on the incidence of esophageal adenocarcinoma and that is from a SEER site, the
state of Connecticut, 1935-1989 (13). The study revealed that regardless of age every male
birth cohorts had rapidly increasing rates of esophageal adenocarcinoma; whereas female
birth cohorts also had more slowly increasing rates for females 50 and older while females
aged 40-49 experienced a qualitatively flatter trajectory. This suggests a hypothesis is
needed to evaluate this age-related biologic effect with no significant generational effects.

In support of the hypothesis that a reproductive factor is protective among females, estrogen
has been shown to inhibit esophageal squamous cell cancer growth both in vitro (14, 15) and
in vivo (16). This anti-proliferative effect is thought to occur through the estrogen receptor
ER beta, which has been shown to be expressed also in esophageal adenocarcinoma (17).
Experimental studies on a colon cancer cell line suggest that estrogen may inhibit cancer
progression by ER beta reducing ER alpha-induced proliferation (18). Furthermore, a recent
study by Sukocheva et al suggested that esophageal adenocarcinoma and Barrett’s
esophagus cells respond to treatment with selective estrogen receptor ligands, resulting in
decreased cell growth and apoptosis (19). As females are exposed to higher estrogen
concentrations for substantial durations (menarche to menopause) throughout their
reproductive years, it is biologically plausible that the pre-menopausal endocrine milieu
could inhibit esophageal carcinogenesis in females preferentially.

There is also precedence for estrogen exposure being an inhibitor of carcinogenesis in other
human intestinal malignancies. A recent meta-analysis by Camargo et a/ supports the
hypothesis that longer exposure to either ovarian or exogenous estrogen may decrease the
risk of gastric cancer (20). Moreover, hormonal status not only seems to play an important
role in the development and pathogenesis of colorectal adenocarcinoma, but also may be of
prognostic significance (21). Furthermore, epidemiological and experimental studies suggest
a protective role of estrogens against colorectal cancer (22). In the Women’s Health
Initiative trial, postmenopausal hormone use was associated with a 40% decrease in
colorectal cancer (23). Hormone replacement was also found to protect premenopausal
women who used oral contraceptives use reducing the risk of developing colorectal cancer
by 20% (24, 25). Given these similar observations of changing cancer incidence in
developmentally related components of the digestive tract, it is possible that the
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pathophysiology seen in the colon and stomach is similar to that of the esophagus. The
apparent coherence of a protective effect of endogenous and exogenous estrogen against
cancers of the colon and stomach may extend to include cancers of the esophagus.

In the SEER 9 registry, esophageal adenocarcinoma in the pre-menopausal female is
uncommon. Incidence of esophageal cancer is age-related increasing steadily with age
irrespective of sex. We identified a novel observation that a negative annual percentage
change exists for esophageal cancer between 1973 —2008 specifically for females from ages
50-54 to ages 60-64. This indicates, surprisingly and in contrast to males, that the females
during reproductive years and early post-menopausal years are somehow protected and less
likely to develop esophageal cancer until later in life. The explanation for this countervailing
trend is unclear, but could be in part attributed to exposure to estrogen including hormonal
replacement therapy, which occurred among peri- and post-menopausal women in the
United States during this period of time (26, 27). Additional age-period-cohort assessment
would help distinguish between true age-related (biologic) effects and birth-cohort or
generational (exposure/etiologic) effects.

We present a detailed analysis of temporal trends in esophageal adenocarcinoma incidence,
by, age and sex. We found that the age-adjusted incidence rates in the post-menopausal
females above age 80 continuously increases with age unlike their above age 80 male
counterparts. We also demonstrated that the age-adjusted esophageal adenocarcinoma
incidence rates over age differ by sex as exemplified by the male-to-female incidence ratio
of esophageal adenocarcinoma. Steady decline in the ratio from ages 50-54 years and older
population suggests that the incidence of esophageal adenocarcinoma in older females is
increasing disproportionately after age 50-54, leading to a decrease in the male-to female
ratio in the post-menopausal period. What is surprising is that this is observed at a time
when males have had an accumulated burden that is larger in magnitude compared to
women. Women experience the same rates 15-25 years later than males at comparable age.
(Figure 3) These data support the hypothesis that temporal exposure during the reproductive
years and perhaps to estrogen is associated with a protective effect against esophageal
carcinogenesis with higher rates shifted to older ages. Confirmation of this hypothesis would
be supported further by data not available in the SEER database such as individual hormonal
levels, and lack of support for the hypothesis may be found in examining potential
confounders and known influencers of esophageal cancer occurrence (e.g. Barrett’s
esophagus, gastroesophageal reflux, alcohol use, tobacco exposure, and intra-abdominal fat)
in cohorts. Biologic plausibility for the hypothesis would be supported if a gastrointestinal
tract developmental link or common molecular mechanisms could be confirmed.

Barrett’s esophagus is clearly associated with GERD and is part of a continuum to
esophageal adenocarcinoma development. Barrett’s esophagus is the biggest risk factor for
esophageal adenocarcinoma and in theory it is possible that differences between age and sex
in the incidence of esophageal adenocarcinoma mirrors age and sex differences in Barrett’s
esophagus. The role of age and sex disparities in Barrett’s esophagus incidence remains
fairly unknown and it is unclear if the age and sex differences in esophageal
adenocarcinoma are due to Barrett’s esophagus age and sex differences. According to a
meta-analysis conducted by Cook and colleagues, the male to female sex ratio of Barrett’s
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esophagus is often based on nonsystematic estimates derived from small populations at a
few selected institutes while the larger cohorts are from Veterans hospitals and these study
populations may not be truly representative of the general population (28). Furthermore,
Cook and colleagues’ meta-analysis stated that reported estimates of Barrett’s esophagus
and erosive reflux disease are substantially lower than similar estimates for esophageal
adenocarcinoma (28). They believe these differences make it important to establish why
male Barrett’s esophagus and erosive reflux disease patients are at increased risk of
malignancy compared to females. Like Sukocheva et al, we believe it is the estrogen-based
endocrine milieu even in Barrett’s esophagus that contributes to decreasing malignancy risk
for females (19). Pohl and colleagues in a case control study find that females are
statistically significantly over represented in GERD while underrepresented in Barrett’s
esophagus (29). This may be an indication of where in the progression to cancer, the
“female” factor is most protective.

Our data imply as the aging post-menopausal female is exposed to a prolonged period of low
estrogen levels their risk and incidence of esophageal adenocarcinoma increases. Females
encounter a delay in age-related increase esophageal adenocarcinoma incidence rates that
may be associated with the protective effects of estrogen exposure before menopause. Using
age as a proxy for estrogen exposure, our findings suggest consistency with a hormonal
component to the observed age-related, declining male to female esophageal
adenocarcinoma incidence rate ratios. Menopause is an event that marks the end of
spontaneous ovulation coupled with a significant decrease in estrogen. In the Western world,
the average age of menopause is 51 years and according to the Nurse’s Health Study,
prevalence menopause was documented by age: at 40 years prevalence of having undergone
menopause was 0.7%, at 45 5.8%, at 50 34.9%, at 55 85.3%, at 60 98.5% and at 65 99.3%
the largest accrual of menopause occurs between ages 50 and 55 and second most
commonly between age 45 and 50 (30).

Using age as a proxy for female reproductive age exposures has limitations as menopause
can be induced surgically (i.e. bilateral oopherectomy) or medically (e.g. chemotherapy or
pelvic irradiation) at any age. We also are aware that estrogen production during natural
menopause does not stop abruptly as five to seven years before the onset of the last
menstrual period, ovarian function begins to diminish. In addition, premature menopause
can occur at or before age 40 and in the United States its prevalence is estimated 1 case per
1000 women by age 30, 1 case per 250 women by age 35 and 1 case per 100 women by age
40. Taking these data together, it is not entirely surprising that the annual percentage change
starts to decrease at the age group before the majority of women have entered menopause.
Our inability to quantify hormone levels of individual patients from the SEER database
made age the best available surrogate.

Our data confirm sex differences in incidence previously observed in esophageal
adenocarcinoma and suggest that the endocrine milieu in the pre and peri-menopausal
females serves as a protective factor against the development of esophageal
adenocarcinoma. Estrogen appears to protect females during their reproductive years. The
hypothesized protective pre-menopausal effect of estrogen in females disappears with time
as seen in the 60—64 age group and above post-menopausal female, in which the rate of
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esophageal adenocarcinoma incidence in those groups increases. This lost of protection from
esophageal carcinoma incidence may also be due to an increasing period of time without
endogenous or exogenous estrogen protection. Furthermore, a latency period may exist for
esophageal adenocarcinoma development after the removal of endogenous and exogenous
estrogen in the post menopausal female.

The rate of female esophageal adenocarcinoma incidence continuously increases into later
age relative to males and post-menopausal women comprise an increasingly large portion of
the population. As the putative protective effects of estrogen exposure dissipate in post-
menopausal females, the continuous increase in esophageal adenocarcinoma into the oldest
age groups is a concern and the implications are significant. Given the frailty of this
population, judicious early detection and optimization of endoscopic therapy for this deadly
cancer for those at risk will be essential. Likewise, close surveillance of trends by sex in
population cohorts will be necessary to corroborate the factors causal of gastrointestinal
cancer, including esophageal adenocarcinoma. Our initial epidemiological observation of
sex-age differences warrants translation into a molecular epidemiology study with the use of
relevant biomarkers to further explore the possible protective role of hormones against
esophageal adenocarcinoma. Identification of protective factors and populations at highest
risk may shift the balance of risk and benefits surrounding the now controversial use of
estrogen replacement therapy in post-menopausal women.
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Figure 1.
Esophageal adenocarcinoma (EAC) annual percentage change (APC) versus year by sex.

Male sex presents one break point at year 1982. Female does not present break points.
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Figure2.
Incidence rates (per 100,000) of esophageal adenocarcinoma listed across age groups by sex.

Mean and 95% CI were generated from SEER 9 database and indicated via points with error
bar spread.
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Figure 3.

Black solid line (all races) and blue solid line (white only) indicates the predicted value of
male to female incidence ratio by age after fitting regression models with joint point
approach on all races of esophageal adenocarcinoma patients. Fitted slopes with 95% ClI
were indicated next to the lines.
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Annual Percentage Change (APC) in incidence of EAC by age groups in SEER 9 database years 1973 — 2008.

Esophageal adenocarcinoma Annual per centage change (95% CI)
Age-Group Male Female
40-44 years 1.31(0.98, 1.64) 0.40 (-0.14, 0.94)
45-49 years 1.91 (1.69, 2.13) -0.15 (-0.52, 0.21)
50-54 years 2.52 (2.34, 2.70) -0.42 (-0.71, -0.12)
55-59 years 2.46 (2.20, 2.73) -0.56 (-0.79, —-0.33)
60-64 years 2.27 (1.88, 2.66) -0.40 (-0.50, -0.30)
65-69 years 2.01 (1.50, 2.53) -0.03 (-0.02, 0.07)
70-74 years 1.23 (0.65, 1.81) 0.12 (0.0, 0.25)
75-79 years 0.33 (-0.23, 0.89) 0.09 (-0.05, 0.24)
80-84 years -0.58 (-1.12, -0.04) 0.09 (~0.08, 0.25)
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