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Introduction

Carcinoma of esophagus is the eighth most common 
malignancy and is the sixth most common cause of 
death worldwide (1). In the United States, it is estimated 
that a total of 20,640 cases of esophageal cancer will be 
diagnosed in 2022, accounting for 16,410 deaths (2). 

Esophageal squamous cell carcinoma and adenocarcinoma 
are two main histologic subtypes that represent majority 
of esophageal cancers. While esophageal squamous cell 
carcinoma is common in Eastern World, adenocarcinoma 
histology is the most common histologic subtype seen 
in the Western World (3). The incidence of esophageal 
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carcinoma, especially squamous cell histology has been 
traditionally much higher in regions of Asia, predominantly 
central Asia, northern part of China, and Iran. Possible 
etiological factors associated with higher incidence of 
esophageal squamous cell carcinoma are smoking, alcohol, 
nutritional habits such as consumption of hot tea, pickles 
and food rich in N-nitroso compounds, smoked foods, 
low intake of fruits and vegetables, nutritional deficiencies 
such as zinc and selenium, or fungal toxins (aflatoxin). 
In contrast, gastroesophageal reflux disease, obesity, 
alcohol, and metabolic syndrome have been implicated 
in the etiopathogenesis of esophageal adenocarcinoma. 
Notably, majority of esophageal adenocarcinomas have a 
pre-cancerous Barrett’s metaplasia and dysplasia changes. 
Given the relative higher incidence of metabolic syndrome 
in the Western population, esophageal adenocarcinoma 
histology is not surprisingly more commonly seen histologic 
subtype of esophageal carcinoma in the Western World. 
Epidemiological data have shown that the incidence of 
esophageal cancer has an uptrend, predicting an increase by 
140% per decade by 2025 (4). While esophageal squamous 
cell carcinoma was most common esophageal cancer in 
the twentieth century, there has been a dramatic increase 
in adenocarcinoma subtype of esophageal cancer over 
the last couple of decades both in Eastern and Western 

World (5). With this changing paradigm of esophageal 
carcinoma, it is important to forecast the future burden of 
esophageal carcinoma by histology, age, sex, and race that 
could potentially help us to plan prevention and control 
strategies for esophageal carcinoma. In the current study 
we sought to estimate the future burden of esophageal 
carcinoma by histology, age, sex, and race, which could help 
plan prevention, control, and treatment strategies for this 
cancer. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-729/rc). 

Methods

We extracted incidence and population data on esophageal 
carcinoma between the years 2000 and 2016 from the 
Surveillance, Epidemiology, and End Results (SEER) 18 
registries using the SEER*Stat 8.3.4 (https://seer.cancer.
gov/seerstat/) statistical software. SEER is a population-
based registry program of the US National Cancer Institute 
that covers 28% of the population diagnosed each year. 
We identified esophageal carcinoma cases that were 
histologically confirmed using International Classification 
of Diseases for Oncology, 3rd edition. Histology codes 
8050–8078 and 8083–8084 were used to extract esophageal 
squamous cell carcinoma cases while 8140, 8141, 8143–
8145, 8190–8231, 8260–8263, 8310, 8401, 8480–8490, 
8550–8551, 8570–8574, and 8576 codes were used to extract 
adenocarcinoma subtypes. Of note, other rare histologic 
subtypes of esophageal carcinomas such as sarcomatous 
variants and neuroendocrine tumors were excluded. Poisson 
regression was used to model the trend in incidence rates 
over time based on age, sex, and race. Future trends in 
the incidence of esophageal cancer were predicted by 
histology up to the year 2030 by taking a weighted average 
of the projected incidence rates for the last two prediction 
periods, and then applying the rates to the United States 
national population forecasts. Assuming these population 
trends would hold into the future, we estimated the 
forecasted incidence rates and 95% confidence intervals per 
100,000 person years. All analyses were performed using R 
version 4.0.3 (R Core Team, R Foundation for Statistical 
Computing, Vienna, Austria). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). As the Surveillance, Epidemiology, and End Results 
(SEER) Program contains de-identified data, individual 
consent for this retrospective analysis was waived by the 
Mayo Clinic Institutional Review Board.

Highlight box

Key findings 
• Using the current Surveillance, Epidemiology, and End Results 

(SEER) epidemiological data, we predicted the future incidence 
of esophageal cancer in the United States, which showed a 3.2% 
increase in incidence of esophageal adenocarcinoma while the 
incidence of esophageal squamous cell carcinoma declined.

What is known and what is new? 
• While esophageal squamous cell carcinoma was most common 

esophageal cancer in the twentieth century, there has been a 
dramatic increase in adenocarcinoma subtype of esophageal cancer 
over the last couple of decades both in Eastern and Western 
World.

• In the current study, we forecast an increased incidence of 
adenocarcinoma histology subtype of esophageal cancer while 
squamous subtype will have a decreased trend over the next two 
decades. 

What is the implication, and what should change now?
• Preventive efforts of esophageal adenocarcinoma should primarily 

target males of age up to 65 years and females of current age 40 to 
65 years who will make up the older age group (>65 years) in 2040.

https://jgo.amegroups.com/article/view/10.21037/jgo-22-729/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-729/rc
https://seer.cancer.gov/seerstat/
https://seer.cancer.gov/seerstat/
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Results

Esophageal adenocarcinoma

This forecasting study suggest that the incidence (per 100,000 
persons) of esophageal adenocarcinoma is increasing in people 
within age group of 40–65 years while a decreased trend was 
noticed in age >65 years (Figure 1). Our prediction showed 
that the incidence of esophageal adenocarcinoma for age 
group 40–65 years will increase from 2.12 in 2021 to 3.86 in 
2040, which corresponds to an 82% increase over the course 
of 19 years (3.2% per year, 95% CI: −2.3% to 9.1%) (Table 1).  
Males seem to have a considerable increase in incidence of 
esophageal adenocarcinoma with the predicted increase in 
incidence to 4.02 in 2040 as compared to 3.71 in 2021 (Table 2).  

Figure 1 Trends in esophageal adenocarcinoma incidence rates 
stratified by age groups <40, 40–65, and >65 years up to 2040 in 
the United States.

2020             2025            2030            2035             2040

Year

In
ci

de
nc

e 
ra

te
 p

er
 1

00
,0

00 10

8

6

4

2

0

Age
<40 65+40−65

Table 1  Predic ted  ra tes  o f  gas t roesophagea l  junct ion 
adenocarcinoma (per 100,000) according to age stratifications from 
2017 through 2040

Year Age <40 years Age 40–65 years Age 65+ years

2017 0.05 1.87 4.71

2018 0.05 1.93 4.68

2019 0.05 1.99 4.66

2020 0.05 2.06 4.64

2021 0.05 2.12 4.62

2022 0.05 2.19 4.60

2023 0.05 2.26 4.58

2024 0.05 2.33 4.56

2025 0.05 2.41 4.54

2026 0.05 2.48 4.51

2027 0.05 2.56 4.49

2028 0.05 2.65 4.47

2029 0.05 2.73 4.45

2030 0.05 2.82 4.43

2031 0.05 2.91 4.41

2032 0.05 3.00 4.39

2033 0.05 3.10 4.37

2034 0.05 3.20 4.35

2035 0.05 3.30 4.33

2036 0.05 3.40 4.31

2037 0.05 3.51 4.29

2038 0.05 3.63 4.27

2039 0.05 3.74 4.25

2040 0.05 3.86 4.23

Table 2  Predic ted  ra tes  o f  gas t roesophagea l  junct ion 
adenocarcinoma (per 100,000) from 2017 through 2040 stratified 
by gender

Year Males Females

2017 3.75 0.62

2018 3.76 0.62

2019 3.77 0.62

2020 3.78 0.62

2021 3.79 0.62

2022 3.81 0.63

2023 3.82 0.63

2024 3.83 0.63

2025 3.84 0.63

2026 3.85 0.63

2027 3.86 0.63

2028 3.88 0.63

2029 3.89 0.63

2030 3.90 0.63

2031 3.91 0.64

2032 3.92 0.64

2033 3.94 0.64

2034 3.95 0.64

2035 3.96 0.64

2036 3.97 0.64

2037 3.99 0.64

2038 4.00 0.64

2039 4.01 0.65

2040 4.02 0.65
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We noticed a similar increase in incidence rates per year among 
Black and Whites in 40–65 years age group (3.8%, and 
3.5%, per year respectively) (Table S1). On the contrary, 
the incidence of esophageal adenocarcinoma remained 
stable in Asians aged between 40–65 years between the 
years 2021 and 2040, 0.78 and 0.77 per 100,000 persons, 
respectively. We noticed that the incidence of esophageal 
adenocarcinoma doubled (a 100% increase over the span of 
2 decades) in White and Black females aged 40–65 from the 
year 2021 (0.98 and 0.43, respectively) to 2040 (1.82 and 
0.82, respectively). On the contrary, the incidence in Asian 
females aged 40–65 seem to remain the same between 2021 

and 2040 (0.11 and 0.13, respectively) (Table 3).
White males aged >65 years had highest incidence of 

esophageal adenocarcinoma (17.34 in 2021) and incidence 
decreased 1.3% per year. We noticed a marginal decreased 
incidence in Black male (−1.1% per year) and Asian male 
(−3.9% per year) population aged >65 years (Table 4). On 
subgroup analysis by sex, we noticed a similar marginal 
decreased incidence in Black male (−1.1% per year) and 
Asian male (−3.9% per year) population aged >65 years. 
Though a decrease in trend is noticed in White males aged 
>65 years, they remain to be at higher risk of esophageal 
adenocarcinoma in the year 2040 (13.63 per 100,000) 

Table 3 Predicted rates of gastroesophageal junction adenocarcinoma per 100,000 in females stratified by age and race

Year
Females, age <40 years Females, age 40–65 years Females, age 65+ years

White Black Asian Other White Black Asian Other White Black Asian Other

2017 0.02 0.00 0.00 0.03 0.83 0.36 0.11 0.68 2.53 0.87 0.33 1.93

2018 0.02 0.00 0.00 0.03 0.85 0.37 0.11 0.71 2.52 0.87 0.32 1.94

2019 0.02 0.00 0.00 0.03 0.88 0.39 0.11 0.74 2.51 0.87 0.31 1.95

2020 0.02 0.00 0.00 0.03 0.92 0.40 0.11 0.78 2.49 0.86 0.30 1.97

2021 0.02 0.00 0.00 0.03 0.95 0.42 0.11 0.81 2.48 0.86 0.29 1.98

2022 0.02 0.00 0.00 0.03 0.98 0.43 0.11 0.85 2.47 0.86 0.28 1.99

2023 0.02 0.00 0.00 0.04 1.01 0.45 0.11 0.89 2.46 0.86 0.27 2.00

2024 0.03 0.00 0.00 0.04 1.05 0.46 0.11 0.93 2.44 0.85 0.27 2.01

2025 0.03 0.00 0.00 0.04 1.09 0.48 0.11 0.98 2.43 0.85 0.26 2.03

2026 0.03 0.00 0.00 0.04 1.12 0.50 0.11 1.02 2.42 0.85 0.25 2.04

2027 0.03 0.00 0.00 0.04 1.16 0.52 0.12 1.07 2.41 0.84 0.24 2.05

2028 0.03 0.00 0.00 0.04 1.20 0.53 0.12 1.12 2.39 0.84 0.23 2.06

2029 0.03 0.00 0.00 0.04 1.25 0.55 0.12 1.17 2.38 0.84 0.23 2.08

2030 0.03 0.00 0.00 0.04 1.29 0.57 0.12 1.22 2.37 0.84 0.22 2.09

2031 0.03 0.00 0.00 0.04 1.34 0.60 0.12 1.28 2.36 0.83 0.21 2.10

2032 0.03 0.00 0.00 0.05 1.38 0.62 0.12 1.34 2.35 0.83 0.20 2.11

2033 0.03 0.00 0.00 0.05 1.43 0.64 0.12 1.40 2.33 0.83 0.20 2.13

2034 0.03 0.00 0.00 0.05 1.48 0.66 0.12 1.47 2.32 0.82 0.19 2.14

2035 0.03 0.00 0.00 0.05 1.53 0.69 0.12 1.54 2.31 0.82 0.19 2.15

2036 0.03 0.00 0.00 0.05 1.59 0.71 0.12 1.61 2.30 0.82 0.18 2.17

2037 0.03 0.00 0.00 0.05 1.64 0.74 0.12 1.68 2.29 0.82 0.17 2.18

2038 0.03 0.00 0.00 0.05 1.70 0.77 0.12 1.76 2.28 0.81 0.17 2.19

2039 0.03 0.01 0.00 0.05 1.76 0.79 0.12 1.84 2.26 0.81 0.16 2.21

2040 0.03 0.01 0.00 0.06 1.82 0.82 0.13 1.93 2.25 0.81 0.16 2.22

https://cdn.amegroups.cn/static/public/JGO-22-729-Supplementary.pdf
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Table 4 Predicted rates of gastroesophageal junction adenocarcinoma per 100,000 in males stratified by age and race

Year
Males, age <40 years Males, age 40–65 years Males, age 65+ years

White Black Asian Other White Black Asian Other White Black Asian Other

2017 0.18 0.02 0.05 0.15 6.97 1.60 0.78 3.26 18.24 3.33 2.33 6.04

2018 0.19 0.02 0.05 0.15 7.16 1.65 0.78 3.39 18.01 3.30 2.24 6.03

2019 0.19 0.02 0.05 0.15 7.36 1.69 0.78 3.52 17.79 3.26 2.15 6.02

2020 0.19 0.02 0.05 0.16 7.56 1.74 0.78 3.65 17.56 3.22 2.07 6.01

2021 0.19 0.02 0.05 0.16 7.76 1.79 0.78 3.80 17.34 3.19 1.98 6.00

2022 0.19 0.02 0.04 0.16 7.97 1.85 0.78 3.94 17.12 3.15 1.91 6.00

2023 0.19 0.03 0.04 0.17 8.19 1.90 0.78 4.09 16.91 3.12 1.83 5.99

2024 0.20 0.03 0.04 0.17 8.41 1.95 0.78 4.25 16.70 3.08 1.76 5.98

2025 0.20 0.03 0.04 0.17 8.64 2.01 0.78 4.42 16.49 3.05 1.69 5.97

2026 0.20 0.03 0.04 0.18 8.87 2.07 0.78 4.59 16.28 3.02 1.62 5.96

2027 0.20 0.03 0.04 0.18 9.11 2.13 0.78 4.76 16.07 2.98 1.56 5.95

2028 0.20 0.03 0.04 0.18 9.36 2.19 0.78 4.95 15.87 2.95 1.50 5.94

2029 0.21 0.03 0.04 0.19 9.61 2.25 0.78 5.14 15.67 2.92 1.44 5.93

2030 0.21 0.03 0.04 0.19 9.87 2.32 0.78 5.34 15.47 2.89 1.38 5.92

2031 0.21 0.03 0.04 0.20 10.14 2.38 0.78 5.54 15.28 2.85 1.33 5.91

2032 0.21 0.03 0.04 0.20 10.42 2.45 0.77 5.75 15.09 2.82 1.27 5.90

2033 0.21 0.03 0.04 0.20 10.70 2.52 0.77 5.98 14.90 2.79 1.22 5.89

2034 0.21 0.03 0.04 0.21 10.99 2.59 0.77 6.21 14.71 2.76 1.18 5.88

2035 0.22 0.03 0.04 0.21 11.29 2.67 0.77 6.45 14.53 2.73 1.13 5.87

2036 0.22 0.03 0.03 0.22 11.59 2.75 0.77 6.70 14.34 2.70 1.09 5.86

2037 0.22 0.03 0.03 0.22 11.91 2.82 0.77 6.95 14.16 2.67 1.04 5.86

2038 0.22 0.03 0.03 0.22 12.23 2.91 0.77 7.22 13.98 2.64 1.00 5.85

2039 0.22 0.03 0.03 0.23 12.56 2.99 0.77 7.50 13.81 2.61 0.96 5.84

2040 0.23 0.03 0.03 0.23 12.90 3.08 0.77 7.79 13.63 2.59 0.92 5.83

as compared to the other age groups of 40–65 years 
(12.60 per 100,000) and <40 years (0.23 per 100,000). Of 
note, we noticed a decrease in incidence of esophageal 
adenocarcinoma in White, Black, and Asian females aged 
>65 years from the year 2021 to 2040 (Table 3).

Esophageal squamous cell carcinoma

Interestingly, we found a considerable decrease in the 
incidence of esophageal squamous cell carcinoma in the 
current age groups 40–65 (−2.7% per year) and >65 years 

Figure 2 Trends in esophageal squamous cell carcinoma incidence 
rates stratified by age groups <40, 40–65, and >65 years up to 2040 
in the United States.
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(−4.6% per year) (Figure 2, Table S2). We observed a similar 
decrease in incidence of esophageal squamous cell carcinoma 
between the years 2021 and 2040 in Whites (−60.7%), 
Blacks (−55.7%), and Asians (−56.3%) (Table 5). We noticed 
a decreased trend of esophageal squamous cell carcinoma 
in males across all the current age groups of 40–65 and 
>65 years (Table 6). A similar trend is predicted in females 
except Black females of current age group of 40–65 years  
in which the incidence is marginal raised from (0.87 to 1.01 
per 100,000, 16% increase over 2 decades) (Table 7).

Discussion

Our prediction model noticed interesting findings 
of estimated dramatic change in the epidemiology of 
esophageal carcinoma over the next two decades. While 
esophageal squamous cell histology has historically been 
the predominant subtype, the critical observation in our 
prediction showed a uniform decrease in the squamous 
histology across all age groups and races, except for Black 
females in which we noticed a stable incidence over the next 
two decades. Such an increase in the incidence of esophageal 
adenocarcinoma in the United States and Europe was seen 
in other studies that utilized regional cancer registries to 
predict the future incidence of esophageal carcinoma (6). 
For instance, Arnold et al. predicted an astonishing 214% 
increase in esophageal adenocarcinoma in the Netherlands. 
Similar upward trend was noticed in the United States, 
United Kingdom, and France (6). Similar increased 
incidence of esophageal adenocarcinoma subtype was noted 
in another SEER database-based study that calculated the 
future incidence of esophageal adenocarcinoma based on its 
incidence between the years 1975–2010 (7). However, the 
study did not predict the incidence of esophageal squamous 
cell carcinoma, nor looked various subgroups which we 
reported in the current study.

The increased incidence of esophageal adenocarcinoma 
may be attributed to the rising incidence of etiological 
factors such as gastroesophageal reflux disease, Barrett’s 
esophagus, metabolic syndrome, obesity, and a decreased 
incidence of Helicobacter pylori infection (8,9). Barrett’s 
esophagus and high grade dysplasia are well-establish 
etiological factors for esophageal adenocarcinoma (10). A 
nationwide demographic study from Denmark in patients 
with low-grade dysplasia and non-dysplastic Barret’s 
esophagus demonstrated a progression to esophageal 
adenocarcinoma at the rate of 0.12% per person per 
year (11). In addition, a meta-analysis from Desai et al., 
reported a progression of Barrett’s esophagus to esophageal 
adenocarcinoma at the rate of 0.33% per year (10). A 
cross-sectional study from OneFlorida Clinical Data 
Research Network electronic health record that covers 
>40% residents in Florida has demonstrated a roaring 
50% increased incidence of Barrett’s esophagus in middle 
aged adults (45–64-year age group) in the year 2019 as 
compared to that of 2012 (12). This increased incidence in 
Barrett’s esophagus may support our prediction of rising 

Table 5 Predicted rates of gastroesophageal junction squamous cell 
carcinoma (per 100,000) from 2017 through 2040 stratified by race

Year White Black Asian Other

2017 0.58 1.45 0.65 0.33

2018 0.56 1.39 0.62 0.31

2019 0.55 1.33 0.59 0.29

2020 0.53 1.27 0.57 0.27

2021 0.51 1.22 0.55 0.26

2022 0.50 1.17 0.52 0.24

2023 0.48 1.12 0.50 0.23

2024 0.47 1.07 0.48 0.22

2025 0.46 1.03 0.46 0.21

2026 0.44 0.98 0.44 0.19

2027 0.43 0.94 0.42 0.18

2028 0.42 0.90 0.40 0.17

2029 0.41 0.86 0.39 0.16

2030 0.39 0.83 0.37 0.15

2031 0.38 0.79 0.35 0.15

2032 0.37 0.76 0.34 0.14

2033 0.36 0.73 0.32 0.13

2034 0.35 0.70 0.31 0.12

2035 0.34 0.67 0.30 0.12

2036 0.33 0.64 0.28 0.11

2037 0.32 0.61 0.27 0.10

2038 0.31 0.59 0.26 0.10

2039 0.30 0.56 0.25 0.09

2040 0.20 0.54 0.24 0.09

https://cdn.amegroups.cn/static/public/JGO-22-729-Supplementary.pdf
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Table 6 Predicted rates of gastroesophageal junction squamous cell carcinoma (per 100,000) in males stratified based on sex and race

Year
Males, age <40 years Males, age 40–65 years Males, age 65+ years

White Black Asian Other White Black Asian Other White Black Asian Other

2017 0.00 0.00 0.00 0.00 0.50 2.47 0.53 0.40 1.51 5.20 1.89 1.76

2018 0.00 0.00 0.00 0.00 0.49 2.46 0.51 0.41 1.42 4.99 1.75 1.72

2019 0.00 0.00 0.00 0.00 0.48 2.46 0.49 0.41 1.34 4.79 1.61 1.68

2020 0.00 0.00 0.00 0.00 0.47 2.46 0.47 0.42 1.26 4.60 1.49 1.64

2021 0.00 0.00 0.00 0.00 0.46 2.45 0.45 0.43 1.19 4.41 1.38 1.60

2022 0.00 0.00 0.00 0.00 0.46 2.45 0.44 0.43 1.12 4.23 1.28 1.56

2023 0.00 0.00 0.00 0.00 0.45 2.45 0.42 0.44 1.05 4.06 1.18 1.53

2024 0.00 0.00 0.00 0.00 0.44 2.44 0.40 0.45 0.99 3.90 1.09 1.49

2025 0.00 0.00 0.00 0.00 0.43 2.44 0.39 0.46 0.94 3.74 1.01 1.46

2026 0.00 0.00 0.00 0.00 0.42 2.43 0.37 0.46 0.88 3.59 0.94 1.42

2027 0.00 0.00 0.00 0.00 0.41 2.43 0.36 0.47 0.83 3.44 0.87 1.39

2028 0.00 0.00 0.00 0.00 0.40 2.43 0.35 0.48 0.78 3.31 0.80 1.36

2029 0.00 0.00 0.00 0.00 0.40 2.42 0.33 0.49 0.74 3.17 0.74 1.33

2030 0.00 0.00 0.00 0.00 0.39 2.42 0.32 0.50 0.70 3.04 0.69 1.30

2031 0.00 0.00 0.00 0.00 0.38 2.42 0.31 0.50 0.66 2.92 0.63 1.27

2032 0.00 0.00 0.00 0.00 0.37 2.41 0.30 0.51 0.62 2.80 0.59 1.24

2033 0.00 0.00 0.00 0.00 0.37 2.41 0.29 0.52 0.58 2.69 0.54 1.21

2034 0.00 0.00 0.00 0.00 0.36 2.40 0.28 0.53 0.55 2.58 0.50 1.18

2035 0.00 0.00 0.00 0.00 0.35 2.40 0.27 0.54 0.52 2.48 0.46 1.15

2036 0.00 0.00 0.00 0.00 0.35 2.40 0.26 0.55 0.49 2.38 0.43 1.13

2037 0.00 0.00 0.00 0.00 0.34 2.39 0.25 0.56 0.46 2.28 0.40 1.10

2038 0.00 0.00 0.00 0.00 0.33 2.39 0.24 0.56 0.43 2.19 0.37 1.08

2039 0.00 0.00 0.00 0.00 0.33 2.39 0.23 0.57 0.41 2.10 0.34 1.05

2040 0.00 0.00 0.00 0.00 0.32 2.38 0.22 0.58 0.38 2.01 0.31 1.03

incidence of esophageal adenocarcinoma, especially in the 
population aging 40–65 years. In addition, epidemiological 
data have shown that gastroesophageal reflux disease and 
esophageal adenocarcinoma are strongly associated with 
central adiposity (13). Notably, a prospective study has 
demonstrated that a body mass index (BMI) > 30 kg/m2 
increases the risk of esophageal adenocarcinoma by two-
fold and the risk further increased by 2.5-fold in people 
with BMI >35 kg/m2 (14).  Molecular data have shown 
that abdominal adipose tissue secretes inflammatory 
cytokines and adipokines that play a significant role 
in the development of gastroesophageal reflux disease 

and Barrett’s esophagus and eventually to esophageal 
adenocarcinoma (15). A cross-sectional National Health 
and Nutrition Examination Survey (NHANES) revealed an 
increased trends of obesity in the United States population 
in the recent years as compared to 2007–2008 (16). Such 
an increased prevalence of obesity may partly explain 
the increase in incidence of esophageal adenocarcinoma 
predicted in our analysis. Interestingly, there seem to 
be an inverse association of Helicobacter pylori infection 
and esophageal adenocarcinoma, which may partly be 
explained by decreased gastric acid secretion caused by the 
infection (9). A recent cross-sectional study in the United 
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Table 7 Predicted rates of gastroesophageal junction squamous cell carcinoma (per 100,000) in females stratified based on sex and race

Year
Females, age <40 years Females, age 40–65 years Females, age 65+ years

White Black Asian Other White Black Asian Other White Black Asian Other

2017 0.00 0.00 0.00 0.00 0.19 0.84 0.15 0.37 0.74 1.49 0.57 0.42

2018 0.00 0.00 0.00 0.00 0.19 0.85 0.14 0.38 0.71 1.44 0.54 0.42

2019 0.00 0.00 0.00 0.00 0.18 0.85 0.14 0.39 0.67 1.40 0.50 0.41

2020 0.00 0.00 0.00 0.00 0.18 0.86 0.14 0.40 0.64 1.35 0.47 0.41

2021 0.00 0.00 0.00 0.00 0.18 0.87 0.13 0.41 0.61 1.31 0.44 0.40

2022 0.00 0.00 0.00 0.00 0.18 0.87 0.13 0.42 0.58 1.27 0.41 0.40

2023 0.00 0.00 0.00 0.00 0.18 0.88 0.12 0.44 0.55 1.23 0.38 0.39

2024 0.00 0.00 0.00 0.00 0.17 0.89 0.12 0.45 0.53 1.19 0.36 0.39

2025 0.00 0.00 0.00 0.00 0.17 0.90 0.12 0.46 0.50 1.16 0.33 0.38

2026 0.00 0.00 0.00 0.00 0.17 0.90 0.11 0.47 0.48 1.12 0.31 0.37

2027 0.00 0.00 0.00 0.00 0.17 0.91 0.11 0.48 0.45 1.09 0.29 0.37

2028 0.00 0.00 0.00 0.00 0.17 0.92 0.11 0.50 0.43 1.05 0.27 0.36

2029 0.00 0.00 0.00 0.00 0.17 0.92 0.10 0.51 0.41 1.02 0.25 0.36

2030 0.00 0.00 0.00 0.00 0.16 0.93 0.10 0.52 0.39 0.99 0.24 0.35

2031 0.00 0.00 0.00 0.00 0.16 0.94 0.10 0.54 0.37 0.96 0.22 0.35

2032 0.00 0.00 0.00 0.00 0.16 0.95 0.10 0.55 0.35 0.93 0.21 0.35

2033 0.00 0.00 0.00 0.00 0.16 0.96 0.09 0.56 0.34 0.90 0.19 0.34

2034 0.00 0.00 0.00 0.00 0.16 0.96 0.09 0.58 0.32 0.87 0.18 0.34

2035 0.00 0.00 0.00 0.00 0.16 0.97 0.09 0.60 0.30 0.84 0.17 0.33

2036 0.00 0.00 0.00 0.00 0.15 0.98 0.09 0.61 0.29 0.82 0.16 0.33

2037 0.00 0.00 0.00 0.00 0.15 0.99 0.08 0.63 0.28 0.79 0.15 0.32

2038 0.00 0.00 0.00 0.00 0.15 1.00 0.08 0.64 0.26 0.77 0.14 0.32

2039 0.00 0.00 0.00 0.00 0.15 1.00 0.08 0.66 0.25 0.74 0.13 0.31

2040 0.00 0.00 0.00 0.00 0.15 1.01 0.08 0.68 0.24 0.72 0.12 0.31

States involving 1,289,641 patients undergoing esophago-
duodenoscopy have demonstrated a statistically significant 
decline in prevalence of Helicobacter pylori infection between 
the years 2009 and 2018 (17). This decreased prevalence 
of Helicobacter pylori infection may have contributed to 
increased gastric acidity further contributing to increased 
incidence of esophageal adenocarcinoma.

Cigarette smoking and alcohol consumption are well-
known risk factors for esophageal squamous cell carcinoma. 
Recent data from Centers from Diseases Control and 
Prevention have shown a gradual decline in cigarette smoking 

in the adult United States population (42.4%, 13.9%, and 
12.5% in 1965, 2017, and 2020, respectively) (18). Such a 
gradual decline in the smoking could partly explain the decline 
in the incidence of esophageal squamous cell carcinoma.

Study limitations exist and are inherent to registry-based 
studies and demographics. First, although we built the 
statistical prediction model using Poisson regression based 
on the recent epidemiological data, the assumed prediction 
may involve some degree of uncertainty. Nonetheless, our 
prediction model has noticed fairly close incidences through 
the years 2017 through 2022. Second, given the fact that 
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our prediction model is derived from SEER database, 
possible reporting errors such as under-reporting diagnoses 
to the database could potentially influence our prediction of 
future incidence rates. In addition, there could be an under 
or over-estimation of esophageal adenocarcinoma, especially 
at the gastro-esophageal junction as there is a possibility 
of gastric adenocarcinomas being reported as esophageal 
adenocarcinoma and vice-versa. Third, we did not take into 
the account of changing technology and guidelines that 
could lead to enhanced detection of cancers, especially in 
high-risk individuals such as with gastroesophageal reflux 
disease could also change the overall incidence of esophageal 
cancer. Moreover, we did not consider any change in the 
migration patterns and etiological exposure that could alter 
the future incidence of esophageal cancer. Furthermore, 
SEER database does not have information on etiologic risk 
factors including gastroesophageal reflux disease, smoking 
and obesity. Nonetheless, our prediction model provides a 
valuable data on future incidence of esophageal cancer based 
on the subtype, which helps us in acting up on reducing the 
etiological factors and focusing on appropriate preventative 
measures. Behavioral modification in population including 
weight loss, dietary changes, exercise, decreasing tobacco 
and alcohol consumption could potentially decrease the 
development of esophageal cancers.

Conclusions  

In summary, over the next two decades, we forecast 
an increased incidence of adenocarcinoma histology 
subtype of esophageal cancer while squamous subtype 
will have a decreased trend. Prevention efforts of 
esophageal adenocarcinoma such has dietary changes, 
effective management of obesity, and early treatment of 
gastroesophageal reflux disease should especially target 
expected high risk groups like males of age up to 65 years 
and females of current age 40 to 65 years who will make up 
the older age group (>65 years) in 2040.
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