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Abstract

Background—The rise in incidence of esophageal cancer (EC) in the United States (U.S.) over 

the last four decades has been well documented; however, data on trends in long-term survival and 

impact on modern therapies associated with survival is lacking.

Methods—The Surveillance, Epidemiology, and End Results (SEER) database was queried to 

identify patients with confirmed EC. Cox proportional hazard regression was used to determine 

independent mortality factors.

Results—Of 93,167 patients diagnosed with EC between 1973 and 2009, 49% had a histologic 

diagnosis of esophageal adenocarcinoma (EAC). There was an increase (almost double) in the 

proportion of patients with adenocarcinoma from the 1970's to 2000's (n = 2,350; 35% to n = 

32,212; 61%, p<0.001). Surgery was performed for localized disease in a majority of EC 

regardless of type (n = 46,683; 89%). Use of surgical treatment increased significantly over the 

study period (49% to 64%, p<0.001). There was also an increase in overall median survival (6 

months versus 10 months, p<0.001) and 5-year survival rate (9% to 22%, p<0.001). Median 

survival increased consistently for EAC and squamous cell carcinoma (SCC) until the 1990's. 

After this period, median survival of EAC continued to increase more rapidly while SCC remained 

relatively stable.

Conclusion—A significant survival improvement in esophageal cancer was seen from 1973 to 

2009, largely due to earlier detection at a curative stage and greater utilization of treatment 

modalities (especially surgery). Despite the rising prevalence, patients with EAC have better long-

term survival outcomes than those SCC.
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INTRODUCTION

Esophageal cancer (EC) is one of the most rapidly growing causes of cancer mortality and 

cancer-related deaths worldwide.1-3 On a global scale, an estimated 482,300 new esophageal 

cancer cases and 406,800 deaths occurred in 2008.4 Incidence rates vary internationally by 

nearly 16-fold due to a variety of risk factors; however the United States (U.S.) and other 

Western countries are considered low-risk areas.5 Despite this designation as “low-risk,” it 

was estimated in 2012 that in the U.S., approximately 17,460 people were diagnosed with 

esophageal cancer, and 15,070 people died from the disease.1

Data from the Surveillance, Epidemiology, and End Results (SEER) registry have shown a 

rising incidence of esophageal adenocarcinoma (EAC) in the U.S. over the past four 

decades.7-11 However, the incidence of esophageal squamous cell carcinoma (SCC) fell by 

4 % per year, presumably secondary to a decrease in male cigarette smoking over the past 20 

years.12,13 Recent research suggests improved survivals of all types of EC over the last three 

decades.9,13-15 If these survival benefits are large enough, there should be detectable 

difference in a temporal trend analysis of long-term survival.

The primary aim of this study was to analyze long-term survival trends of EC in U.S. adults 

and identify independent predictors of mortality. As a secondary goal, we also sought to 

comparatively examine the survival patterns of EAC and SCC.

METHODS

Data Source

A retrospective cohort study was performed using data from the SEER database (available 

at: www.seer.cancer.gov), based on the November 2011 submission. The SEER database is 

derived from 18 cancer registries representing approximately 28% of the U.S. population 

and is maintained by the National Cancer Institute. From 1973 to 2009, the number of SEER 

registries started from 9 registries to the current 18 registries. The SEER dataset includes 

information on patient demographics, tumor and disease characteristics, cancer-associated 

treatments, use of cancer-directed surgery, and survival for individuals with cancer. Surgical 

interventions are coded in the SEER database as a separate variable and indicate if an 

operation was performed and if it was recommended or not. A surgical procedure directed at 

the primary site is coded as a separate variable. No record of chemotherapy appears in this 

database.

Study Population

The SEER database was queried for all cases of EC using tumor site codes (C15.0–C15.9) 

and ICD-9 codes diagnosed between 1973 and 2009.16-18 Only histologic codes for 

adenocarcinoma (8140–8573) and squamous cell cancers (8050–8082) were included in the 
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search. Patients with another malignant primary tumor diagnosed within a 5-year period 

prior to EC diagnosis were excluded to minimize the chance that metastatic disease to the 

esophagus was misdiagnosed as EC. To ensure a uniform cancer staging classification across 

all study years we used the SEER historic stage, which provides consistent definitions over 

time, as opposed to American Joint Committee on Cancer staging, which is more commonly 

used in the clinical settings but is not easily available for many of the years analyzed. The 

SEER historic stages were: localized (confined to primary site), regional (spread to regional 

lymph nodes), and distant (cancer had metastasized). Patients diagnosed within 1-month 

prior to death (including patients diagnosed at autopsy or by death certificate) were 

excluded.

Statistical Analyses

We obtained SEER frequency and survival data using SEER*Stat software, version 8.12. 

The study population was divided according to decade of diagnosis: 1973-1980, 1981-1990, 

1991-2000 and 2001-2009. Mean and median values were used to describe continuous data, 

with discrete variables displayed as totals and frequencies. Median survival and survival 

rates were calculated overall and for each decade. Trends in ordinal data were evaluated 

using the linear-by-linear association test.19 The linear-by-linear test of trend offers a 

measure of significance for ordinal variables (decade quartiles ordered from lowest to 

highest). Unless otherwise specified, the p-values reported for trend analysis refer to 

comparison among all of the four decade quartiles.

Subgroup analyses by histology (EAC versus SSC), treatment modality, and stage at 

diagnosis were performed. Cumulative survival rates were calculated using the method of 

Kaplan and Meier, and survival curves were compared using the log-rank test.20 Univariate 

and multivariate Cox proportional hazard regression was used to determine independent 

predictors of mortality. Covariates with a p-value < 0.1 on univariate analysis were entered 

into multivariate analysis. Covariates analyzed included: age, gender, ethnicity (White, 

Black, American Indian/Alaskan Native and Asian or Pacific Islander), tumor histology, 

tumor grade, stage of disease, and treatment (surgery, surgery plus adjuvant radiotherapy, or 

neither). All reported p-values were 2-tailed, and for all tests p < 0.05 was considered 

statistically significant. All analyses were performed using SEER*stat and IBM SPSS 

version 20.0.

RESULTS

Patient and tumor characteristics

Using the SEER database, 93,167 patients diagnosed with EC between 1973 and 2009 met 

our inclusion criteria. Demographic and pathologic characteristics of the overall study 

population are shown in Table 1. The median age of the total cohort was 66 years. Most 

patients were white males [men (n = 70,807; 76%) and white (n = 74,534; 80%)]. There was 

a marked increase over time in the number of patients with EC in the database (6,714 for the 

1970's versus 52,806 for the 2000's; p < 0.001) though increases were also due to the 

expansion of the SEER registries. Overall, most patients had distant disease (n = 34,472; 

37%) as classified by the SEER historic stage. Diagnosis at a localized stage increased 
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significantly over the study period [n = 1,611; 24% to n = 18,482; 35%, p<0.001 (Figure 
1)]. There was a progressive increase (almost double) in the proportion of patients with 

adenocarcinoma from the 1970's to 2000's (n = 2,350; 35% to n = 32,212; 61%, p<0.001). 

The proportion of distal cancer remained unchanged around 40% throughout the study 

period. Overall, 55.6% (n = 51,801) of patients had pathologically proven lymph node 

invasion. The mean tumor size was 2.8 cm (S.E.M. = 1.2 cm) and solitary tumors (86.6%) 

were more common than multiple tumors.

Trends in Cancer-directed Treatment

Of the 93,167 patients included, 52,453 (56.3%) underwent cancer-directed surgery and 

45,652 (49%) received radiation therapy. In the overwhelming majority of cases (n = 46,683; 

89%) surgery was done with early (loco-regional) stage of disease. Use of surgical treatment 

overall increased significantly over the study period [49% to 64%, p<0.001 (Figure 2)]. The 

proportion of patients who received adjuvant radiation therapy also increased over time 

(46% to 52%, p<0.001).

Survival Trends

The overall median survival was 9 months (95% CI: 8.9-9.1) with an overall 5-year survival 

rate of 15.5%. There was a statistically significant increase in overall median survival (6 

months versus 10 months, p<0.001) and 5-year survival rate (9% to 22%, p<0.001) from the 

1970's to 2000's. Survival improvement was predominantly seen in patients with localized 

disease (10 months to 30 months, p<0.001), and to a lesser degree in patients with regional 

disease [6 months to 13 months, p<0.001) Metastatic disease had a small but statistically 

significant increase in median survival (4 months to 6 months, p=0.01). Kaplan-Meir curves 

for localized, regional, and metastatic disease are shown in Figure 3A, 3B, 3C, respectively.

Subgroup analyses by histology type (EAC versus SCC) revealed statistically significant 

improvement in survival for EC over the last four decades; however, this was limited to EAC 

only (Figure 4). The main increase in median survival was from the 1990's (7 months; 95% 

CI: 6.5-7.5) to the 2000's (11 months; 95% CI: 10.3-11.2; p<0.001) for the EAC subgroup. 

For SCC there was also an increase in median survival from 6 months (95% CI: 5.7-6.3) to 8 

months (95% CI: 7.8-8.2), however this was not statistically significant (p=0.08). The 

median survival increased consistently for both EAC and SCC until the 1990's, but after this 

period, the median survival of EAC continued to increase while that of SCC remained 

relatively stable. Upon more detailed analysis, the largest change in median survival for 

EAC compared to SCC was seen in localized disease [26 months; 95% CI: 24.8-27.2 versus 

11 months; 95% CI: 10.6-11.4; p<0.001 (Figure 5)]. Smaller differences in median survival 

were seen for regional disease (14 months; 95% CI: 13.7-14.3 versus 9 months; 95% CI: 

8.7-9.3; p<0.001) and metastatic disease (6 months; 95% CI: 5.9-6.1 versus 5 months; 95% 

CI: 4.9-5.1; p=0.04) for EAC and SCC respectively.

Covariates were analyzed using multivariable Cox regression analyses with adjustment for 

patient clinical demographics, tumor characteristics and treatment. Age (> 45 years), sex 

(male), tumor histology (SCC), tumor grade (poorly differentiated), stage at diagnosis 

(metastatic), lymph node invasion, number of primary tumors (> 1), adjuvant radiotherapy, 
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surgery, and decade of diagnosis (2000's) were independently associated with overall 

survival (Table 2). Specifically, receipt of surgery (HR= 0.52; 95% CI: 0.49–0.79; p < 

0.001), adjuvant radiotherapy (HR = 0.70; 95% CI: 0.67–0.73; p < 0.001) and diagnoses of 

disease in the 2000's (HR = 0.94; 95% CI: 0.90–0.98; p < 0.04) were associated with a 

decreased risk of death.

DISCUSSION

This study demonstrated gradual but continuing improvement in survival for EC in U.S. 

adults from 1973 to 2009. This was seen in all stages of the disease. The driving forces 

behind these changes in survival are most likely multi-factorial. Better access to patient care 

and advancements in medical, surgical, and adjuvant therapy may all have influenced 

mortality.

Our study data suggested that access to the advance medical care needed for EC may have 

improved in the U.S. as utilization rates of surgery and radiation therapy increased from 

1970's to the 2000's (49% to 64% and 46% to 52%, respectively). Esophagectomy for 

esophageal cancer, which resulted in a postoperative 5-year survival rate of 4% in the 1970's, 

has risen to 28% in the 1990's.15,21,22 Although several studies have shown improved 

operative mortality rates for esophagectomy over the last 30 years, it is noteworthy that 

superior 30-day postoperative mortality rates do not necessarily translate to better long-term 

outcomes.23,24 The average surgical-related mortality rates between the 1950's and 1979 

were 26% to 33%, then 7% to 19% between 1980 and 1988, and more recently ranged from 

approximately 5.2% to 8.9% between 1990 and 2000.18-22

Long-term survival rates based on data from retrospective single center experiences, all with 

many inherent heterogeneity biases, is difficult to validate-hence the need for database 

studies. Our database study does in fact validate the long-term survival benefits of surgical 

therapy as observed in single center studies. The receipt of surgical intervention was 

associated with a 48% increase in long-term median survival (HR=0.52, 95% CI: 0.49-0.79).

It is encouraging that over the study period, there was a progressive increase in detection at 

early stages.21,25 These improvements may be influenced by better screening and clinical 

surveillance of individuals with known risk factors for EC such as Barrett's 

esophagus.26,27,28 Tumor size is a known risk factor for mortality in other cancers such as 

colon, hepatocellular, and pancreatic cancer.29,30 Interestingly, in this study, tumor size was 

not independently associated with increased mortality. However, similar to other cancers, 

lymph node invasion, poorly differentiated grade and presence of more than one primary 

tumor were strong predictors of mortality.

Our study showed a rising prevalence of EAC compared to SCC over the last four decades. 

Before the 1990's, SCC was the most prevalent EC subtype; however, since that time the 

proportion of cases with EAC has continued to rise while SCC has slightly decreased. These 

epidemiologic changes may be explained by the changes in the prevalence of the underlying 

etiology of EAC and SCC.9,15,31,32 The rising prevalence of EAC in the U.S. can be 

explained by the obesity epidemic, which has increased significantly in the past thirty years 
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from 22% to over 35%.11,31 The decreasing prevalence rates for SCC may be related to 

long-term reductions in tobacco use and alcohol consumption in the U.S.14,34,35

In our study we found a better overall median survival of EAC compared to SCC, especially 

for early stage disease, across all decades. This interesting finding is contrary to many small 

single-center studies that have suggested the reverse.23,36,37 However, one study found no 

difference in survival between patients with EAC and SCC.36 This difference may be 

explained by an inherent bias in small single-center retrospective studies in which shorter 

term follow-up occurs. SCC may initially respond to therapy better but have a poorer long-

term prognosis. Additionally, the increase in median survival of EAC compared to SCC may 

be the result of the increased use of upper endoscopy for Barrett's esophagus screening over 

the last four decades.26,27,38 This may have increased the number of diagnosed early stage 

EAC cases, hence better survival. While this conclusion is a logical explanation for the 

observed trend, additional research is needed to further validate, explore, and explain this 

keeping in mind lead time bias.

Strengths of this study include the large number of patients reviewed (i.e. power) and 

availability of sufficient trend data for survival estimates as well as predictors of survival. 

SEER database sets have been shown to have a low risk of patient selection bias, miscoding, 

and inaccurate data entry.15,39-43 Interpretation of our results, however, are restricted by the 

inherent limitations of this study design including limited information on the method of 

diagnosis, patient co-morbidities, and specific treatment options (including type of adjuvant 

radiotherapy, and chemotherapy). Additionally, SEER does not report the presence of 

specific risk factors such as obesity, smoking, and diet that may affect prognosis and 

potentially influence the histologic type of EC. However, our study looked at all causes of 

mortality.

In conclusion, a significant survival improvement in EC was seen from 1973 to 2009. This 

appears to be largely as a result of both earlier detection at a curative stage and greater 

utilization of treatment modalities (especially surgery). Compared to SCC, the prevalence of 

EAC is rising. Despite this rising prevalence, patients with EAC have better long-term 

survival outcomes than those with SCC. We postulate that early diagnosis through better 

screening measures together with improved patient access on up-to-date treatment protocols 

are paramount to achieving better outcomes.
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Figure 1. 
Trend graph depicts stage distribution of diagnosed cases with earlier diagnosis at a 

localized stage increasing over the study period

Njei et al. Page 9

J Gastroenterol Hepatol. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Trend graph of cancer-directed therapy showing increasing utilization of surgery and 

radiotherapy over four decades. The p-values reported for trend analysis refers to 

comparison among all of the four decade quartiles.
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Figure 3A. 
Kaplan-Meier Analysis: Localized EC. Graph shows increasing survival from 1970's to 

2000's with largest improvement in survival seen from the 1990's to 2000's. The p-values 

reported for trend analysis refers to comparison among all of the four decade quartiles.

Njei et al. Page 11

J Gastroenterol Hepatol. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3B. 
Kaplan-Meier Analysis: Regional EC. Graph shows increasing survival from 1970's to 

2000's with largest improvement in survival seen from the 1990's to 2000's. The p-values 

reported for trend analysis refers to comparison among all of the four decade quartiles.
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Figure 3C. 
Kaplan-Meier Analysis: Metastatic EC. Graph shows small but statistically significant 

increase in survival (4 to 6 months, p=0.01) from 1970's to 2000's. The p-values reported for 

trend analysis refers to comparison among all of the four decade quartiles.
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Figure 4. 
shows overall better median survival of EAC compared to SCC over four decades. The 

median survival increased consistently for both EAC and SCC until the 1990's. After this 

period, the median survival of EAC continued to increase at a more rapid rate while that of 

SCC has remained relatively stable. The p-values reported for trend analysis refers to 

comparison among all of the four decade quartiles.
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Figure 5. 
EAC had a better median survival than SCC. The most noticeable increase was seen in 

Localized disease.
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Table 1

Trends in Baseline Demographic and Pathologic Characteristics of the Study Population

Variable Total 1973-1980 1981-1990 1991-2000 2001-2009

Number of Patients (n)
* 93,167 6,714 12,902 20,745 52,806

Median age (yrs) 66 63 65 67 68

Men (%) 76 75 77 78 75

White (%)
* 80 74 78 81 86

Adenocarcinoma (%)
* 49 35 45 53 61

Cancer of the distal esophagus (%) 40 40 43 41 37

SEER historic stage, (%)
*

Localized 29 24 25 30 35

Regional 34 32 34 35 35

Distant 37 44 41 35 30

5-year Survival (%)
* 15.5 9 13 18 22

*
Significant at p < 0.05. The p values reported for trend analysis refers to comparison among all of the 4 decade quartiles.

J Gastroenterol Hepatol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Njei et al. Page 17

Table 2

Multivariate Cox Proportional Hazards Model Assessing factors Associated with Survival after Diagnosis of 

Esophageal Cancer

Risk Factor Hazard Ratio
* 95% Confidence Interval Significance (p)

Lower Upper

Age (years)

<45 Referent

45-65 1.24 1.12 1.37 <0.001

65-80 1.53 1.39 1.69 <0.001

>80 2.05 1.85 2.28 <0.001

Gender

Female Referent

Male 1.08 1.03 1.12 0.01

Race

other Referent

Asian or Pacific Islander 0.93 0.74 1.16 0.53

Black 1.19 0.96 1.47 0.12

White 1.05 0.85 1.30 0.65

Histology

Adenocarcinoma Referent

Squamous cell carcinoma 1.05 1.01 1.10 0.02

Grade

Well differentiated; Grade I Referent

Moderately differentiated; Grade II 1.01 0.96 1.06 0.76

Poorly differentiated; Grade III 1.18 1.12 1.24 <0.001

Stage

Localized Referent 0.28

Regional 1.04 0.97 1.11 <0.001

Distant 1.59 1.49 1.68

Adjuvant Radiotherapy Effect

No Referent <0.001

Yes 0.70 0.67 0.73

Surgery Effect

No Surgery Referent <0.001

Surgery 0.52 0.49 0.79

Period

Before 2000s Referent <0.004

2000s 0.94 0.90 0.98

Tumor size and location were not significant predictors of survival on univariate or multivariate analysis

*
Hazard ratios greater than 1.0 indicate a higher risk of death
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