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Disparities in esophageal cancer: less treatment, less surgical resection,
and poorer survival in disadvantaged patients
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SUMMARY. The incidence of esophageal cancer has increased steadily in the last decades in theUnited States. The
aim of this paper was to characterize disparities in esophageal cancer treatment in different racial and socioeconomic
population groups and compare long-term survival among different treatment modalities. A retrospective analysis of
the National Cancer Database was performed including adult patients (≥18 years old) with a diagnosis of resectable
(stages I–III) esophageal cancer between 2004 and 2015. Multivariable logistic regression models were used to
determine the odds of being offered no treatment at all and surgical treatment across race, primary insurance, travel
distance, income, and education levels. Multivariable Cox proportional hazards models were used to compare 5-year
survival rates across different treatment modalities. A total of 60,621 esophageal cancer patients were included.
Black patients, uninsured patients, and patients living in areas with lower levels of education were more likely to be
offered no treatment. Similarly, black race, female patients, nonprivately insured patients, and those living in areas
with lower median residential income and lower education levels were associated with lower rates of surgery. Patients
receiving surgical treatment, compared to both no treatment and definitive chemoradiation, had significant better
long-term survival in stage I, II, and III esophageal cancer. In conclusion, underserved patients with esophageal
cancer appear to have limited access to surgical care, and are, in fact, more likely to not be offered any treatment
at all. Considering the survival benefits associated with surgical resection, greater public health efforts to reduce
disparities in esophageal cancer are needed.
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INTRODUCTION

The incidence of esophageal cancer, especially
esophageal adenocarcinoma, has increased in the last
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decades in the United States and is expected to keep
on increasing in the future.1,2 In 2015, there were
approximately 47,000 people living with esophageal
cancer, and in 2018 there will be an estimated of
17,290 new cases and 15,850 deaths related to this
disease.3

Although esophagectomy is the mainstay treatment
of esophageal cancer, it is considered one of the most
demanding surgical procedures with significant asso-
ciatedmorbidity andmortality.4,5 Better patient selec-
tion, enhancements in perioperative care, dedicated
anesthetic teams, and high-dependency units have
contributed to improved esophageal cancer outcomes;
however, previous studies have suggested that certain
populations are unable to obtain optimal esophageal
cancer care.6–8
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The aim of this study was to characterize disparities
in esophageal cancer treatment in different racial and
socioeconomic population groups, and compare long-
term survival among different treatment modalities.

MATERIALS ANDMETHODS

A cohort of patients was identified using the National
Cancer Database (NCDB). The NCDB is a national
hospital-based cancer registry program implemented
by the Commission on Cancer (COC) of the Amer-
ican College of Surgeons and the American Cancer
Society. The database includes over 1500 hospitals
and obtains nearly 70% of incident cancer cases in
the United States. Data from the NCDB comes from
cancer programs accredited by the COC, who are
required to report incident cases to the NCDB.
The study cohort was restricted to adult patients

(≥18 years old) with a diagnosis of nonmetastatic
(stages I–III) esophageal cancer between January 1,
2004, and December 31, 2015. Stage at diagnosis was
determined using the TNM staging system of the
American Joint Commission of Cancer. This led to an
initial cohort of 98,372 patients. Patients with missing
TNM clinical stage (n = 27,337), missing treat-
ment information (n = 2624), or with both missing
(n = 2141) were excluded from the analysis. Next, if a
patient had contraindicated treatments they were also
excluded from the analysis (n = 5649). Chemoradia-
tion was defined as receiving chemotherapy, radiation,
or both during the course of treatment. Thus, the final
analytic cohort consisted of 60,621 patients.

Statistical analysis

Basic descriptive analyses were used to present patient
and cancer characteristics, stratified by treatment
offered (no treatment, chemoradiation alone, surgery
alone, and chemoradiation plus surgery).
Multivariable logistic regressionmodels were gener-

ated to estimate the odds of being offered no treatment
at all (compared to any treatment) and surgical treat-
ment (compared to no surgery) across race, primary
insurance, travel distance, median residential income
in the patients’ ZIP code, and the proportion of adults
with less than a high school education in the patients’
ZIP code.All analyses were stratified by clinical cancer
stage by including interaction terms. Travel distance
was categorized as quartiles. These models were both
adjusted for clinical cancer stage, age, sex, year of diag-
nosis, and Charlson comorbidity score (categorized as
0, 1, 2, and 3 + as per NCDB coding). Age was mod-
eled as a restricted cubic spline.
Kaplan–Meier curves and Cox proportional haz-

ards models were used to obtain 5-year cumula-
tive incidence of mortality, and assess the effects of
receiving no treatment or definitive chemoradiation,

compared to surgical intervention, stratified by clin-
ical cancer stage. For all survival analyses, patients
were classified using the treatment they actually
received. Inverse probability of treatment weighting
(IPTW) was used to balance the covariate distribu-
tion between the treatment groups contrasted in the
models and generate standardized cumulative inci-
dence estimates and survival plots.9 IPTW weights
were constructed using a logistic regressionmodel pre-
dicting probability of treatment group conditional on
clinical cancer stage, age (modeled as a restricted cubic
spline), sex, race, area-level income, area-level educa-
tion, Charlson comorbidity score, insurance, distance
to hospital, and year of diagnosis.
Additionally, in order to account for the fact that

treatment was not randomized and that we are only
able to observe received treatments (as opposed to
scheduled or planned treatment plans), a sensitivity
analysis was performed. The effect of receiving no
treatment or definitive chemoradiation, compared to
surgical intervention, was performed among patients
who survived at least 12 months after diagnosis. This
allowed us to account for potential immortal-time
bias (i.e. bias introduced when time zero, eligibility,
and treatment assignment are misaligned) and be
more confident that included patients who underwent
their entire treatment plan.10

A P-value < 0.05 was considered significant for all
the statistical methods.
All analyses were performed using SAS software

version 9.4 (SAS Inc., Cary, NC).

RESULTS

A total of 60,621 esophageal cancer patients were
included; 4063 (7%) were offered no treatment, 25,977
(43%) were offered definitive chemotherapy and/or
radiation (further referred to as definitive chemora-
diation), 7430 (12%) were offered surgery only, and
23,151 (38%) were offered chemotherapy and/or radi-
ation plus surgery (further referred to as chemoradia-
tion plus surgery). Of note, 2958 (5%) of the patients
who were offered surgery did not receive it, either
due to patient refusal or due to death before sched-
uled surgery. Similarly, 4584 (8%) patients who were
offered chemotherapy and/or radiation did not receive
it, either due to patient refusal or due to death before
planned treatment. Patient characteristics, stratified
by treatment type, are described in Table 1.

A non-negligible number of patients were excluded
from the analysis due to missing stage or missing
stage data (n = 27,337). To consider the potential
for selection bias, the characteristics of the patients
withmissing stagewere assessed. Patients withmissing
stage data did not differ substantively from those
included in the analysis with respect to any of the
socioeconomic disparity variables considered for the
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Table 1 Distribution of patient characteristics among nonmetastatic adult esophageal cancer cases, stratified by type of treatment offered

No treatment
4063 (7%)

Definitive
chemoradia-
tion 25,977

(43%)

Chemoradiation
plus surgery
23,151 (38%)

Surgery only
7430 (12%)

Stage, n (%)
I 1897 (47) 3340 (13) 2877 (12) 5656 (76)
II 875 (22) 9168 (35) 9360 (40) 1373 (18)
III 1291 (32) 13,469 (52) 10,914 (47) 401 (5)

Age, years, median (IQR) 73 (63–81) 69 (60–77) 63 (57–70) 67 (60–74)
Sex, n (%)

Male 2907 (72) 19,264 (74) 19,269 (83) 5966 (80)
Female 1156 (28) 6713 (26) 3883 (17) 1464 (20)

Charlson–Deyo score, n (%)
0 2880 19,070 17,318 5273
1 824 5078 4658 1640
2 257 1327 901 371
3+ 102 502 274 146

Race, n (%)
White 3399 (86) 21,537 (84) 21,338 (93) 6871 (94)
Black 461 (12) 3462 (13) 1098 (5) 285 (4)
Other 113 (3) 769 (3) 493 (2) 135 (2)

Primary insurance, n (%)
Private 942 (24) 6724 (27) 10,561 (47) 2528
Medicaid 234 (6) 2102 (8) 1264 (6) 310
Medicare 2575 (66) 15,206 (61) 9913 (45) 4121
Uninsured 155 (4) 979 (4) 505 (2) 86

Travel distance, miles, n (%)
<5 miles 1219 (31) 8263 (32) 4582 (20) 1030 (14)
5–11.9 miles 990 (25) 7014 (27) 5167 (23) 1338 (18)
12–31.9 miles 835 (21) 6194 (24) 6072 (27) 1743 (24)
≥32 miles 934 (23) 4079 (16) 7039 (31) 3206 (44)

Median residential income†, n (%)
Less than $38,000 805 (20) 5346 (21) 3332 (15) 1091 (15)
$38,000–$47,999 966 (24) 6280 (25) 5580 (24) 1741 (24)
$48,000–$62,999 1071 (27) 6637 (26) 6468 (28) 2051 (28)
$63,000 or more 1130 (28) 7273 (28) 7465 (33) 2432 (33)

Education, % without high school degree‡, n (%)
<7% 804 (2) 5508 (22) 5840 (26) 1934 (26)
7%–12.9% 1264 (32) 8330 (33) 8319 (36) 2644 (36)
13%–20.9% 1128 (28) 6902 (27) 5819 (25) 1810 (25)
≥21% 780 (20) 4817 (19) 2879 (13) 930 (13)

†Median residential household income of each patient’s ZIP code was estimated using the 2012 American Community Survey.
‡Proportion of adults in patient’s ZIP code who did not complete high school, measured in the 2012 American Community Survey.
IQR, interquartile range.

primary analysis, including sex, race, income, dis-
tance to facility, insurance, and education (Appendix
Table A1).

No treatment versus any treatment

After adjustment, black patients, compared to white
patients, were more likely to be offered no treatment
when diagnosed as stage I (OR 1.42, 95% CI 1.17,
1.72), stage II (OR 1.33, 95% CI 1.04, 1.69), and stage
III (OR 1.34, 95%CI 1.11, 1.63). Female patients were
more likely to be offered no treatment when diagnosed
at stage III (OR 1.47, 95% CI 1.29, 1.67). Uninsured
patients, compared to patients with private insurance,
were also more likely to be offered no treatment when
diagnosed as stage I (OR 1.77, 95% CI 1.25, 2.50),
stage II (OR 2.58, 95% CI 1.75, 3.80), and stage III
(OR 2.14, 95% CI 1.61, 2.83). Similarly, Medicare and
Medicaid patients had higher odds of being offered no
treatment when diagnosed as stage II and stage III.

Patients living in areas where ≥21% of adults did not
complete high school were consistently more likely to
be offered no treatment in stage I, II, and III. Min-
imal differences in treatment offered were seen across
median household income and travel distance after
adjustment (Table 2).

Surgery versus no surgery

After adjustment, black patients, compared to white
patients, were less likely to be offered surgery when
diagnosed as stage I (OR 0.39, 95% CI 0.33, 0.46),
stage II (OR 0.47, 95% CI 0.42, 0.53), and stage III
(OR 0.39, 95% CI 0.35, 0.43). Female patients were
also less likely to be offered surgical treatment when
diagnosed as stage I (OR 0.77, 95% CI 0.70, 0.85),
stage II (OR 0.72, 95% CI 0.67, 0.77), and stage III
(OR 0.70, 95% CI 0.65, 0.75). Uninsured patients,
compared to those with private insurance, were less
likely to be offered a surgical intervention in stage I
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Table 2 Adjusted odds ratios of being offered no treatment, compared to any treatment, across racial and socioeconomic population groups
among nonmetastatic adult esophageal cancer cases, stratified by clinical cancer stage

Stage I Stage II Stage III
OR (95% CI)† OR (95% CI)† OR (95% CI)†

Race
White REF REF REF
Black 1.42 (1.17, 1.72) 1.33 (1.04, 1.69) 1.34 (1.11, 1.63)
Other 0.90 (0.60, 1.35) 1.14 (0.73, 1.77) 1.60 (1.20, 2.14)

Sex
Male REF REF REF
Female 1.08 (0.96, 1.22) 1.14 (0.97, 1.33) 1.47 (1.29, 1.67)

Primary insurance
Private REF REF REF
Medicaid 0.95 (0.72, 1.25) 1.47 (1.06, 2.04) 1.46 (1.15, 1.86)
Medicare 0.91 (0.80, 1.04) 1.19 (0.99, 1.43) 1.20 (1.03, 1.40)
Uninsured 1.77 (1.25, 2.50) 2.58 (1.75, 3.80) 2.14 (1.61, 2.83)

Travel distance, miles
<5 miles REF REF REF
5–11.9 miles 0.92 (0.80, 1.06) 0.91 (0.75, 1.10) 0.86 (0.73, 1.02)
12–31.9 miles 0.77 (0.66, 0.90) 0.72 (0.59, 0.89) 0.91 (0.77, 1.07)
≥32 miles 0.61 (0.53, 0.71) 1.09 (0.90, 1.33) 1.10 (0.93, 1.30)

Median household income‡
≥$63,000 REF REF REF
$48,000–$62,999 1.03 (0.89, 1.20) 0.87 (0.71, 1.08) 1.02 (0.85, 1.22)
$38,000–$47,999 0.88 (0.74, 1.05) 0.77 (0.61, 0.98) 1.01 (0.83, 1.23)
<$38,000 0.89 (0.72, 1.10) 0.73 (0.55, 0.97) 0.97 (0.77, 1.22)

Education, % without high school degree§

<7% REF REF REF
7–12.9% 1.09 (0.93, 1.28) 1.22 (0.98, 1.52) 1.18 (0.98, 1.43)
13%–20.9% 1.49 (1.24, 1.79) 1.55 (1.20, 2.00) 1.35 (1.09, 1.68)
≥21% 1.68 (1.35, 2.09) 2.07 (1.54, 2.79) 1.62 (1.27, 2.07)

†Adjusted for clinical cancer stage, year of diagnosis, age (modeled as a restricted cubic spline), sex, Charlson–Deyo score, race, primary
insurance, travel distance to hospital, median household income, and education; interaction terms between clinical cancer stage and race, sex,
primary insurance, travel distance, median household income, and education were used to get stage-stratified estimates.‡Median residential
household income of each patient’s ZIP code was estimated using the 2012 American Community Survey.
§Proportion of adults in patient’s ZIP code who did not complete high school, measured in the 2012 American Community Survey.

(OR 0.36, 95% CI 0.27, 0.47), stage II (OR 0.43, 95%
CI 0.36, 0.52), and stage III (OR 0.36, 95% CI 0.31,
0.42). Similarly, Medicare andMedicaid patients were
less likely to be offered surgical treatment, compared
to patients with private insurance. Travel distance had
an inverse association with the odds of undergoing
esophagectomy, with patients traveling farther dis-
tances being more likely to be offered surgery, across
all clinical cancer stages. Patients from areas in the
lowest quartile of median household income, com-
pared to patients residing in the highest quartile, were
significantly less likely to receive surgical treatment
in stages I, II, and III. Patients from areas with the
highest proportion of citizens without a high school
diploma (≥21%), compared to those from areas with
the lowest proportion (<7%), were also less likely
to receive surgical treatment in stages I, II, and III
(Table 3).

5-year survival

After standardizing, the 5-year survival rate among
patients with clinical cancer stage I disease was 34.1%
with no treatment, 21.2% with definitive chemora-
diation, and 54.2% with surgery (with or without
chemoradiation) (Fig. 1a). Among patients with

clinical cancer stage II disease, the 5-year survival
rate was 9.8% with no treatment, 17.8% with defini-
tive chemoradiation, and 35.3% with surgery (with
or without chemoradiation) (Fig. 1b). Finally, the
5-year survival rate in patients with clinical cancer
stage III was 9.9% with no treatment, 15.6% with
definitive chemoradiation, and 33.2% with surgery
(with or without chemoradiation) (Fig. 1c).
As compared to patients undergoing surgery (with

or without chemoradiation), both patients receiving
no treatment and those receiving definitive chemora-
diation were significantly more likely to die when
diagnosed with clinical cancer stage I, II, and III
(Table 4). Even after restricting to patients who
survived at least 12 months after diagnosis, patients
undergoing surgery had significantly higher 5-
year survival rates across all clinical cancer stages
(Appendix Table A2).

DISCUSSION

The objective of this study was to characterize poten-
tial disparities in esophageal cancer treatment and
survival. We found that (a) black patients, uninsured
patients, patients with government insurance, and
patients from areas with lower levels of education
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Table 3 Adjusted odds ratios of being offered surgery (with or without chemoradiation), compared to no treatment or definitive chemora-
diation across racial and socioeconomic population groups, among nonmetastatic adult esophageal cancer cases, stratified by clinical cancer
stage

Stage I Stage II Stage III
OR (95% CI)† OR (95% CI)† OR (95% CI)†

Race
White REF REF REF
Black 0.39 (0.33, 0.46) 0.47 (0.42, 0.53) 0.39 (0.35, 0.43)
Other 1.03 (0.77, 1.38) 0.80 (0.65, 0.97) 0.58 (0.49, 0.69)

Sex
Male REF REF REF
Female 0.77 (0.70, 0.85) 0.72 (0.67, 0.77) 0.70 (0.65, 0.75)

Primary insurance
Private REF REF REF
Medicaid 0.62 (0.51, 0.75) 0.53 (0.46, 0.61) 0.48 (0.43, 0.54)
Medicare 0.85 (0.77, 0.94) 0.67 (0.62, 0.72) 0.72 (0.67, 0.77)
Uninsured 0.36 (0.27, 0.47) 0.43 (0.36, 0.52) 0.36 (0.31, 0.42)

Travel distance, miles
<5 miles REF REF REF
5–11.9 miles 1.26 (1.13, 1.41) 1.14 (1.05, 1.24) 1.13 (1.05, 1.23)
12–31.9 miles 1.60 (1.42, 1.79) 1.45 (1.33, 1.58) 1.39 (1.28, 1.50)
≥32 miles 4.01 (3.57, 4.51) 2.80 (2.56, 3.07) 2.45 (2.26, 2.66)

Median household income ‡
≥$63,000 REF REF REF
$48,000–$62,999 0.93 (0.83, 1.05) 0.89 (0.81, 0.97) 0.95 (0.87, 1.02)
$38,000–$47,999 0.82 (0.72, 0.94) 0.83 (0.75, 0.92) 0.90 (0.83, 0.99)
<$38,000 0.80 (0.68, 0.94) 0.70 (0.61, 0.79) 0.83 (0.74, 0.93)

Education, % without high school degree§

<7% REF REF REF
7%–12.9% 0.84 (0.74, 0.94) 0.92 (0.84, 1.01) 0.87 (0.81, 0.94)
13%–20.9% 0.67 (0.58, 0.77) 0.84 (0.75, 0.93) 0.77 (0.71, 0.85)
≥21% 0.54 (0.46, 0.64) 0.76 (0.66, 0.86) 0.61 (0.54, 0.69)

†Adjusted for clinical cancer stage, year of diagnosis, age (modeled as a restricted cubic spline), sex, Charlson–Deyo score, race, primary
insurance, travel distance to hospital, median household income, and education; interaction terms between clinical cancer stage and race,
sex, primary insurance, travel distance, median household income, and education were used to get stage-stratified estimates.
‡Median residential household income of each patient’s ZIP code was estimated using the 2012 American Community Survey.
§Proportion of adults in patient’s ZIP code who did not complete high school, measured in the 2012 American Community Survey.

were more likely to be offered no treatment at all; (b)
the use of surgery was affected by gender, race, and
socioeconomic factors; and (c) patients receiving sur-
gical treatment had significantly better long-term
survival.
Esophageal cancer is often an aggressive disease,

with around 50% of the patients presenting with
potentially resectable disease. While esophagec-
tomy remains the primary treatment for early stage
tumors, patients with locally advanced disease
often require multimodality therapy (i.e. esophagec-
tomy + chemoradiation). Unfortunately, some
esophageal cancer patients still do not receive any
treatment at all in the United States. For instance,
a study using the Surveillance, Epidemiology and
End Results (SEER) Medicare-linked database with
a cohort of 5072 esophageal cancer patients showed
that 34.7% of patients received no treatment of any
kind, and patients who left their cancer untreated
tended to be nonwhite and had lower median
income and lower education.11 Consistent with these
results, we found that black patients, uninsured
patients, patients with government insurance, and
patients with lower levels of education were more
likely to be offered no treatment at all. Lineback
et al.12 conducted interviews and surveys among

patients with esophageal cancer and found that
communication difficulties, lack of understanding
of treatment, and financial troubles were the main
barriers to accessing optimal care in the lower socioe-
conomic status groups. Lack of physician expertise,
nihilistic attitudes towards esophageal cancer, and
mistrust in the healthcare system may also play an
important role. All these obstacles should be carefully
considered when developing strategies to address
disparities in esophageal cancer care and improve
outcomes in vulnerable populations.
Underutilization of esophagectomy in cer-

tain groups of patients has also been previously
reported.13–15 Paulson et al. 13 found a significant
underuse of esophagectomy for stages I, II, and III
across all patient groups; however, in non-white and
low socioeconomic patient cohorts, the underuse
was even more pronounced. Steyerberg et al.15 also
reported that black patients were half as likely to
undergo esophageal cancer surgery, compared to
white patients. Moreover, they found that not only
were black patients significantly less likely to be
seen by a surgeon (70% vs. 78%), but that even
among patients seen by a surgeon, black patients
were significantly less likely to be offered surgical
intervention (35% vs. 59%). Interestingly, we found
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Fig. 1 Standardized 5-year survival among nonmetastatic adult esophageal cancer cases, stratified by received treatment and across clinical
cancer stage.

that female patients were less likely to be offered
surgical treatment when diagnosed as stage I, stage II,
and stage III. Previous studies analyzing gender dis-
parities in esophageal cancer outcomes have mostly
focused on epidemiology, tumor biology, and survival
outcomes.16–18 Based on our results, further research
is needed to understand the potential underutilization
of surgical treatment in female patients.
Our analysis also showed that the use of surgery

was intimately affected by racial and socioeconomic
factors, suggesting that improvements in referral
practices are needed to ensure optimal care across
all esophageal cancer patients, irrespective of race,
insurance, or income status. In fact, Dubecz and

colleagues19 reported that 44% of estimated
esophageal cancer patients underwent esophagec-
tomy, yet, by comparison, more than 60% of the
patients seen at specialized referral centers underwent
surgical resection. A main concern with referring
patients to specialized centers is that it may increase
disparities, particularly in patients who cannot afford
to travel. Interestingly, we recently described that a
process of spontaneous centralization of esophageal
cancer surgery is occurring in the United States, and
its benefits were reached by black patients, patients
with government insurance, and patients with low
household income.20 In this study, we found that
patients traveling longer distances were significantly
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Table 4 Crude and standardized effect of no treatment and definitive chemoradiation, compared to surgery, on 5-year mortality among
nonmetastatic adult esophageal cancer cases, stratified by stage

Crude Standardized†

HR (95% CI) P-value HR (95% CI) P-value

STAGE I
No treatment 3.67 (3.41, 3.95) <0.0001 2.43 (2.19, 2.69) <0.0001
Definitive chemoradiation 3.82 (3.59, 4.07) <0.0001 3.19 (2.95, 3.44) <0.0001
Surgery (with or without chemoradiation) REF – REF –

STAGE II
No treatment 3.96 (3.65, 4.30) <0.0001 2.66 (2.29, 3.07) <0.0001
Definitive chemoradiation 2.15 (2.07, 2.24) <0.0001 1.80 (1.71, 1.89) <0.0001
Surgery (with or without chemoradiation) REF – REF –

STAGE III
No treatment 5.03 (4.70, 5.38) <0.0001 3.66 (3.24, 4.13) <0.0001
Definitive chemoradiation 2.15 (2.08, 2.23) <0.0001 1.92 (1.83, 2.02) <0.0001
Surgery (with or without chemoradiation) REF – REF –

†Standardized across clinical cancer stage, year of diagnosis, age (modeled as a restricted cubic spline), sex, Charlson-Deyo score, race,
primary insurance, travel distance to hospital, median household income, and education
CI, confidence interval; HR, hazard ratio.

more likely to receive surgical treatment. Speicher et
al.21 also reported that esophageal cancer patients
who travel longer distances to high-volume cen-
ters were more likely to undergo esophagectomy
and had better outcomes than patients who stay
close to home at low-volume centers. Therefore, we
strongly believe that enhanced referral practices will
ultimately increase the use of surgery to treat
esophageal cancer.
Our analysis also found that there were significant

survival benefits for performing surgery in clinical
stage I, II, and III esophageal cancer patients. Inter-
estingly, the use of esophagectomy in patients with
locally advanced disease has been previously chal-
lenged.22–24 Despite this, we found significantly better
outcomes in patients with regional disease who under-
went surgery, compared to those receiving definitive
chemotherapy and/or radiation. Our results further
highlight the importance of increasing access to sur-
gical care in potentially resectable esophageal cancer
patients.
This study has several limitations. First, the NCDB

is not a population-based registry, but rather identi-
fies patients from 1500 commission-accredited cancer
programs, which potentially limits the generalizability
of our findings. For instance, the possibility exists
that hospitals reporting data to the NCDB may pro-
vide characteristically higher quality care than those
not included. In addition, coding errors or different
coding practices can occur among the different par-
ticipant centers. Second, endoscopic therapies were
not included in our analysis (this may explain, for
example, the relatively good survival of patients with
stage I disease receiving no treatment). Third, edu-
cation and income are not patient-level measure-
ments, but rather ZIP-code-level covariates obtained
from the 2012 American Community Survey. Finally,
it is likely that some immortal person-time bias
exists in our survival analysis, as treatment was not

randomized, only received treatments were assessed,
and diagnosis and exposure time do not line up. How-
ever, even when we restricted to patients who survived
for at least 12 months after diagnosis (in order to
remove the time bias), significant differences in sur-
vival across the treatment groups were seen.
In conclusion, traditionally underserved patients

with esophageal cancer appear to have limited access
to surgical care, and are, in fact, more likely to not be
offered any treatment at all. Considering the signifi-
cant survival benefits associated with surgical resec-
tion, greater public health efforts to reduce disparities
in esophageal cancer are needed.
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Table A1 Comparison of characteristics of patients excluded due to missing stage with the final study sample

Analysis sample (N = 60, 621) Missing stage (N = 24, 867)

Treatment 4063 (7) 5292 (21)
Definitive chemoradiation 25,977 (43) 8738 (35)
Chemoradiation plus surgery 23,151 (38) 5980 (24)
Surgery only 7430 (12) 4857 (20)

Race
White 53,145 (88) 21,482 (86)
Black 5306 (9) 2479 (10)
Other 1510 (2) 595 (2)

Age, years, median (IQR) 66 (59–75) 68 (59–78)
Sex

Male 47,405 (78) 18,752 (75)
Female 13,216 (22) 6115 (25)

Charlson–Deyo score, n (%)
0 44,541 (73) 17,944 (72)
1 12,200 (20) 5011 (20)
2 2856 (5) 1385 (6)
3+ 1024 (2) 527 (2)

Primary insurance, n (%)
Private 20,755 (34) 7809 (31)
Medicaid 3910 (6) 1471 (6)
Medicare 31,815 (52) 13,846 (56)
Uninsured 1725 (3) 796 (3)

Travel distance, miles, n (%)
<5 miles 15,094 (25) 7303 (29)
5–11.9 miles 14,509 (24) 6182 (25)
12–31.9 miles 14,844 (24) 5555 (22)
≥32 miles 15,258 (25) 5264 (21)

Median residential income†, n (%)
Less than $38,000 10,574 (17) 4681 (19)
$38,000–$47,999 14,567 (24) 6081 (24)
$48,000–$62,999 16,227 (27) 6622 (27)
$63,000 or more 18,300 (30) 6900 (28)

Education, % without high school degree‡, n (%)
<7% 14,086 (23) 5275 (21)
7–12.9% 20,557 (34) 8183 (33)
13%-20.9% 15,659 (26) 6569 (26)
≥21% 9406 (16) 4282 (17)

†Median residential household income of each patient’s ZIP code was estimated using the 2012 American Community Survey.
‡Proportion of adults in patient’s ZIP code who did not complete high school, measured in the 2012 American Community Survey.

Table A2 Standardized effect of no treatment and definitive chemoradiation, compared to surgery, on 5-year mortality among non-
metastatic adult esophageal cancer cases who survived ≥12 months after diagnosis, stratified by stage

HR (95% CI)† P-value

STAGE I
No treatment 1.52 (1.33, 1.74) <0.0001
Definitive chemoradiation 3.04 (2.75, 3.37) <0.0001
Surgery (with or without chemoradiation) REF –

STAGE II
No treatment 1.41 (1.13, 1.75) 0.0021
Definitive chemoradiation 1.57 (1.47, 1.67) <0.0001
Surgery (with or without chemoradiation) REF –

STAGE III
No treatment 1.75 (1.45, 2.12) <0.0001
Definitive chemoradiation 1.58 (1.49, 1.67) <0.0001
Surgery (with or without chemoradiation) REF –

†Standardized across clinical cancer stage, year of diagnosis, age (modeled as a restricted cubic spline), sex, Charlson–Deyo score, race,
primary insurance, travel distance to hospital, median household income, and education.
CI, confidence interval; HR, hazard ratio.


