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Introduction

Both short- and long-term outcomes following major 
oncologic surgery are dependent on a number of factors, 
including some related to the patient (comorbidities, 
performance status) and the cancer (stage, grade, resectability). 
For patients with esophageal and gastric cancer, surgery is often 
part of the treatment algorithm (1,2). Esophageal resection and 
total gastrectomy represent two major oncologic procedures 
that can be associated with considerable morbidity (3,4).  
Thus, the decision to offer surgery as part of multimodal 

treatment is often made carefully, balancing the morbidity of 
the procedure with the expected benefits (5,6).

While the decision to offer and undergo surgery 
ultimately lies with the patient and the treatment team, 
other factors extraneous to the patient and the disease 
have also been shown to influence short-term post-surgical 
outcomes [such as hospital length of stay (LOS) and 30-day 
mortality] as well as long-term overall survival (OS). These 
factors include the experience of the treatment facility 
and its care team members. Undergoing major surgical 
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procedures, including various oncologic procedures, at high 
volume centers has been repeatedly associated with superior 
short- and long-term outcomes (7,8). Performance of major 
oncologic procedures at high volume centers specifically for 
esophageal and gastric cancer has similarly been associated 
with superior outcomes (9-12).

Health care disparities related to patient demographics, 
including race and socioeconomic status, have also been 
shown affect access to care and outcomes. This has not 
only been characterized for various surgical interventions, 
but also to other treatment modalities such as access to 
screening, chemotherapy, and radiation therapy (13-15). 
Specific racial and socioeconomic health disparities have 
been identified for patients with esophageal or gastric 
cancer and were associated with poorer outcomes (16,17). 
Disparities in general and specifically to surgical treatments 
have become increasingly relevant to health care.

The interaction between treatment center experience 
as measured by case volume for esophagectomy/total 
gastrectomy and health care disparities has not been 
investigated. This represents a major gap in the existing 
literature because although case volume has been shown 
to correlate with superior outcomes, the association of 
treatment facility (based on case volume) with health 
care disparities is unknown. A better understanding of 
this association is needed because health care disparities 
represent a significant, confounding factor that may 
influence the outcomes achieved at high volume centers. 
Thus, the purposes of this study were to identify racial and/
or socioeconomic disparities among centers performing 
major surgery for esophageal or gastric cancer, stratified 
by case volume, and determine the association of these 
disparities with long-term OS.

Methods

Patients

This retrospective study was deemed exempt from 
institutional review. Patients were selected from the 
American College of Surgeons (ACS) National Cancer Data 
Base (NCDB) from 2004 to 2013 using the Participant 
User Files (PUF) for both Esophageal and Gastric Cancer. 
This database, in general, has been shown to comprise 
approximately 70% of newly diagnosed cancer cases 
identified in the United States (18). Data were collected on 
patients with adenocarcinoma histologies using ICD-O-3 
(International Classification of Diseases for Oncology, 3rd 

edition) codes 8140-8148, 8200-8239, 8260-8263, 8480-
8496, 8500-8503, and 8560-8573. Patients with squamous 
cell histology for esophageal cancer were identified using 
ICD-O-3 codes 8070-8074. Other histologies and patients 
with benign disease or carcinoma in situ were excluded 
from the analysis. As this study utilized a nationwide, 
de-identified database, it was deemed exempt from the 
Institutional Review Board.

For patients in the Esophageal PUF, major surgical 
resection was defined as partial esophagectomy, total 
esophagectomy, and esophagogastrectomy. For patients 
in the Gastric PUF, only patients who underwent total 
gastrectomy were included. Patients who had partial, distal, 
or subtotal gastrectomies were excluded from the analysis. 
For either malignancy, patients who underwent local 
procedures, including endoscopic resection or ablation, 
were excluded. Figure 1 summarizes the sequential inclusion 
and exclusion criteria used in this study.

Patient factors included age, gender, race, ethnicity, 
insurance status, income, education, geographic setting, 
treatment facility type, and distance to treating facility. 
The NCDB uses the Charlson-Deyo (CD) comorbidity 
score as a measure of comorbid conditions, which was also 
included. Treatment centers were divided based on the 
total number of cases performed during this 10-year time 
period and were stratified into three groups: low volume 
[1–99], middle [100–200], and high [>200], which were then 
compared. Pathologic variables included the primary tumor 
location for the esophagus (upper, middle, lower third), 
grade, pathologic stage, and margin status. Post-operative 
outcomes included hospital LOS, readmission rate, and 
30- and 90-day mortality. Other treatment modalities 
were included, such as chemotherapy and radiation (both 
neoadjuvant and adjuvant).

Statistical analysis

Patient characteristics were reported by treating facility 
volume (low, middle, high) using the mean and standard 
deviation for continuous data, and as frequencies and 
relative frequencies for categorical data. Comparisons 
among the facilities were made using Kruskal-Wallis and 
Pearson chi-square tests for continuous and categorical 
variables, respectively.

OS was summarized by treating facility volume using 
standard Kaplan-Meier methods, whereby estimates of 
median OS and 3- and 5-year OS rates were obtained 
with 95% confidence intervals (CI). Comparisons were 
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made using the log-rank test. A multivariable analysis was 
conducted within each facility volume strata using Cox 
regression; where variables included in the models were 
obtained using the backwards selection method (alpha-exit 
of 0.1). All models were fit using Firth’s method. Hazard 
ratios (HRs) with corresponding 95% CI were obtained 
from model estimates.

No power analysis was performed as this was an 
observational study based on a preset national database. 
All analyses were conducted in SAS v9.4 (Cary, NC, USA) 
at a nominal significance level of 0.05 and using a Holm-
Bonferroni adjustment to control the family-wise error-rate 
for each set of analyses. Therefore, P values less than 0.05 
denote statistically significant associations.

Results

Esophageal cancer and esophagectomy at low, middle and 
high volume centers

For patients with esophageal cancer, a total of 17,547 

patients met the inclusion criteria; 73.5% (12,893) were 
in the low volume group, 14.6% (2,569) in the middle 
volume group, and 11.9% (2,085) in the high volume 
(Figure 1). Table 1 shows the baseline characteristics among 
these groups. Patients treated at the low volume centers 
had higher proportions of racial and ethnic minorities, 
uninsured, and lower education compared to patients 
treated at the middle and high volume centers. Patients 
treated at middle and high volume centers traveled further 
distances and went to only academic centers. Importantly, 
there was no statistically significant difference in the 
comorbid status (as indicated by the CD score) among 
patients treated at any of the three centers (P=0.11).

Patients treated at low and middle volume centers 
had higher proportions of squamous cell carcinoma than 
those at high volume centers. Although differences in 
pathological stage among the treatment centers reached 
statistical significance, these differences were no more than 
approximately 5% for any given stage.

In further comparing these respective groups, those 

Figure 1 Flow diagram of patient inclusion and exclusion criteria from the National Cancer Data Base (NCDB), Esophageal and Gastric 
Cancer Participant User Files, 2004 to 2013. The left column corresponds to esophageal cancer cohort, and the right column corresponds 
to gastric cancer cohort.
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Table 1 Baseline demographics, tumor characteristics, and short-term outcomes for patients with esophageal cancer (adenocarcinoma or 
squamous cell carcinoma) treated with esophagectomy stratified by hospital case volume—low: 1–99 cases per decade, middle: 100–200 cases per 
decade, and high: >200 cases per decade. Data derived from the National Cancer Data Base Esophageal Cancer Participant User File, 2004–2013

Variables Low Middle High Overall P value

Overall, N (%) 12,893 (73.5) 2,569 (14.6) 2,085 (11.9) 17,547 (100.0)

Age (mean/stda) 62.69/9.82 62.79/9.73 63.53/9.88 62.81/9.81 0.004

Gender, n (%) 0.72

Male 10,695 (83.0) 2,148 (83.6) 1,733 (83.1) 14,576 (83.1)

Female 2,198 (17.0) 421 (16.4) 352 (16.9) 2,971 (16.9)

Race, n (%) <0.001

White 11,905 (93.0) 2,327 (94.1) 1,977 (96.4) 16,209 (93.6)

Black 663 (5.2) 93 (3.8) 41 (2.0) 797 (4.6)

Asian 162 (1.3) 37 (1.5) 19 (0.9) 218 (1.3)

Other 72 (0.6) 16 (0.6) 13 (0.6) 101 (0.6)

Ethnicity, n (%) <0.001

Not Hispanic 11,734 (97.0) 2,318 (98.5) 1,974 (98.7) 16,026 (97.4)

Hispanic 363 (3.0) 36 (1.5) 26 (1.3) 425 (2.6)

Insurance, n (%) <0.001

Not insured 287 (2.3) 49 (1.9) 15 (0.7) 351 (2.0)

Private 6,087 (48.1) 1,194 (47.2) 988 (49.0) 8,269 (48.1)

Medicaid 687 (5.4) 125 (4.9) 62 (3.1) 874 (5.1)

Medicare 5,424 (42.8) 1,100 (43.5) 925 (45.8) 7,449 (43.3)

Other 175 (1.4) 59 (2.3) 28 (1.4) 262 (1.5)

Incomeb, n (%) <0.001

< $30,000 1,876 (14.8) 431 (17.1) 248 (12.2) 2,555 (14.8)

$30,000–34,999 3,023 (23.9) 630 (25.0) 579 (28.5) 4,232 (24.6)

$35,000–45,999 3,579 (28.3) 730 (29.0) 582 (28.7) 4,891 (28.4)

> $46,000 4,180 (33.0) 730 (29.0) 620 (30.6) 5,530 (32.1)

Educationc, n (%) <0.001

>29% 1,768 (14.0) 312 (12.4) 111 (5.5) 2,191 (12.7)

20–28.9% 3,224 (25.5) 674 (26.7) 435 (21.4) 4,333 (25.2)

14–9.9% 4,433 (35.0) 918 (36.4) 869 (42.8) 6,220 (36.1)

<14% 3,237 (25.6) 617 (24.5) 616 (30.3) 4,470 (26.0)

Setting, n (%) <0.001

Metropolitan 10,121 (81.5) 1,881 (76.6) 1,554 (78.0) 13,556 (80.4)

Urban 2,012 (16.2) 537 (21.9) 386 (19.4) 2,935 (17.4)

Rural 288 (2.3) 39 (1.6) 53 (2.7) 380 (2.3)

Table 1 (continued)
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Table 1 (continued)

Variables Low Middle High Overall P value

Distance (mean/std) 3.07/8.18 9.17/21.87 13.57/24.33 5.20/14.24 <0.001

Facility type, n (%) <0.001

Community cancer program 1,169 (9.1) 0 (0.0) 0 (0.0) 1,169 (6.7)

Comprehensive 5,688 (44.1) 0 (0.0) 0 (0.0) 5,688 (32.4)

Academic 5,026 (39.0) 2,569 (100.0) 2,085 (100.0) 9,680 (55.2)

Integrated 1,010 (7.8) 0 (0.0) 0 (0.0) 1,010 (5.8)

Charlson-Deyod, n (%) 0.11

0 9,503 (73.7) 1,925 (74.9) 1,541 (73.9) 12,969 (73.9)

1 2,693 (20.9) 505 (19.7) 458 (22.0) 3,656 (20.8)

2 697 (5.4) 139 (5.4) 86 (4.1) 922 (5.3)

Tumor location, n (%) <0.001

Upper 275 (2.4) 58 (2.5) 33 (1.7) 366 (2.3)

Middle 1,619 (14.1) 334 (14.5) 187 (9.6) 2,140 (13.6)

Lower 9,615 (83.5) 1,912 (83.0) 1,737 (88.8) 13,264 (84.1)

Histology, n (%) <0.001

Adenocarcinoma 10,365 (80.4) 2,056 (80.0) 1,788 (85.8) 14,209 (81.0)

Squamous 2,528 (19.6) 513 (20.0) 297 (14.2) 3,338 (19.0)

Grade, n (%) <0.001

Well differentiated 906 (8.1) 164 (7.6) 100 (5.8) 1,170 (7.8)

Moderately differentiated 5,207 (46.5) 1,035 (47.8) 739 (42.6) 6,981 (46.3)

Poorly differentiated 4,968 (44.4) 939 (43.4) 794 (45.8) 6,701 (44.4)

Undifferentiated 107 (1.0) 26 (1.2) 102 (5.9) 235 (1.6)

Chemotherapy, n (%) <0.001

None 3,256 (27.9) 774 (33.6) 636 (34.0) 4,666 (29.5)

Neoadjuvant 7,565 (64.9) 1,457 (63.2) 1,131 (60.4) 10,153 (64.1)

Adjuvant 836 (7.2) 76 (3.3) 105 (5.6) 1,017 (6.4)

Radiation, n (%) <0.001

None 3,960 (30.9) 949 (37.1) 743 (35.7) 5,652 (32.3)

Neoadjuvant 7,968 (62.1) 1,528 (59.7) 1,262 (60.6) 10,758 (61.6)

Adjuvant 906 (7.1) 82 (3.2) 78 (3.7) 1,066 (6.1)

Table 1 (continued)
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Table 1 (continued)

Variables Low Middle High Overall P value

Pathologic stage, n (%) <0.001

0 379 (4.3) 88 (4.5) 83 (5.3) 550 (4.5)

I 2,636 (30.1) 693 (35.1) 574 (36.5) 3,903 (31.7)

II 3,239 (37.0) 689 (34.9) 528 (33.5) 4,456 (36.2)

III 2,377 (27.1) 462 (23.4) 374 (23.8) 3,213 (26.1)

IV 130 (1.5) 44 (2.2) 15 (1.0) 189 (1.5)

Nodes examined (mean/std) 11.68/9.38 15.72/10.86 17.35/10.36 12.94/9.96 <0.001

Margins, n (%) <0.001

Negative 11,315 (92.7) 2,398 (94.7) 1,997 (96.1) 15,710 (93.4)

Positive 890 (7.3) 135 (5.3) 80 (3.9) 1,105 (6.6)

Length of stay (mean/std) 13.59/12.95 14.00/13.17 13.40/13.47 13.63/13.06 0.004

Unplanned readmission 0.002

No 12,068 (98.3) 2,508 (99.0) 2,040 (99.3) 16,616 (98.6)

Yes 203 (1.7) 25 (1.0) 14 (0.7) 242 (1.4)

30-day mortality, n (%) <0.001

No 10,477 (95.8) 2,185 (97.4) 1,770 (97.6) 14,432 (96.3)

Yes 456 (4.2) 58 (2.6) 43 (2.4) 557 (3.7)

90-day mortality, n (%) <0.001

No 9,923 (91.3) 2,059 (92.4) 1,661 (94.3) 13,643 (91.9)

Yes 941 (8.7) 169 (7.6) 100 (5.7) 1,210 (8.1)
a, standard deviation; b, income as reported by the NCDB is the median household income for the area of residence of a given patient 
based on zip code derived from the 2000 US census; c, education as reported by the NCDB is the percentage of adults in the area 
of residence of a given patient (based on zip code derived from the 2000 US census) who did not graduate from high school; d,  
Charlson-Deyo comorbidity score is an estimate of comorbid conditions based on ICD-9 diagnosis codes. A score of 0 indicates no 
comorbidities. Point values are assigned to comorbid conditions based on severity. The NCDB truncates possible scores to 0, 1 and 2 due 
to the small proportion of cases exceeding a score of 2. NCDB, National Cancer Data Base.

treated at high volume centers had superior short term 
outcomes: a higher mean number of lymph nodes examined 
in the resection specimen (11.7, 15.7, and 17.4, for low, 
middle, and high groups, respectively, P<0.001), lower rates 
of positive margins (7.3%, 5.3%, 3.9%, P=0.002), shorter 
mean LOS (10, 10, 9 days, P=0.004), lower unplanned 
readmission (1.7%, 1.0%, 0.7%, P=0.002), and lower  
30-day mortality (4.2%, 2.6%, 2.4%, P<0.001). The 
median OS was 37.4, 48.4 and 56.9 months, respectively 
(P<0.001), consistent with previous studies. The median 
follow-up for the entire cohort was 55.2 months (range, 
0.0–130.7 months). The Kaplan Meier curves for patients 
with esophageal cancer stratified by case volume are shown  

in Figure 2A. 
On multivariable analysis of all factors (demographic 

and pathologic variables in Table 1) for patients treated with 
esophagectomy, a greater number of disparate factors were 
identified in the low and middle volume centers compared 
to the high volume centers. Table 2 summarizes the 
results for the demographic factors that were found to be 
significant with OS by hospital volume. These factors were 
independently associated with OS after analysis with all 
patient variables, including pathologic and post-operative 
factors. Among low volume centers, statistically significant 
disparate factors associated with poorer OS included 
ethnicity, insurance status, and education. Among middle 
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volume centers, disparate factors included race, insurance 
status, and hospital setting. And among high volume 
centers, disparate factors included insurance status only. In 
general, patients with private insurance and a higher level of 
education had superior OS compared to uninsured patients 
and those with a lower level of education. Hispanic ethnicity 
was associated with worse OS at low volume centers.

Gastric cancer and total gastrectomy at low, middle and 
high volume centers

For patients with gastric cancer, a total of 20,059 patients 
met the inclusion criteria; 87.5% (17,552) were in the low 
volume group, 8.3% (1,665) in the middle volume group, 
and 4.2% (842) in the high volume (Figure 1). Table 3 
shows the baseline characteristics for these groups. Similar 
to the esophageal cancer cohort, patients who underwent 
total gastrectomy at the low volume centers had higher 
proportions of racial and ethnic minorities, uninsured, 
and lower education compared to patients treated at the 
middle and high volume centers. Patients treated at low 
volume centers also had higher proportions of low income 
households. Patients treated at middle and high volume 
centers traveled further distances and went mainly to 
academic centers. In contrast to patients who underwent 
esophagectomy, there was a statistically significant 
difference in the comorbid status (as indicated by the CD 
score) among patients treated at any of the three centers, 
with the most ill patients treated at low volume centers. 

Patients treated at low volume centers also had higher 
proportions of pathological stage 3/4 disease.

Similar to the esophageal cancer cohort, those with gastric 
cancer treated with total gastrectomy at high volume centers 
had superior short term outcomes: a higher mean number of 
lymph nodes examined in the resection specimen (17.2, 17.4, 
and 25.3, for low, middle, and high groups, respectively, 
P<0.001), lower rates of positive margins (14.1%, 9.9%, 
7.4%, P<0.001), and lower 30-day mortality (5.1%, 2.6%, 
2.3%, P<0.001). However, there were no differences with 
respect to post-operative LOS or the unplanned readmission 
rate. The median OS was 30.8, 45.2 and 43.8 months, 
respectively (P<0.001), with a similar trend to the esophageal 
cancer cohort. The median follow-up for the entire cohort 
was 58.7 months (range, 0.0–129.9 months). The Kaplan 
Meier curves for patients with gastric cancer stratified by 
case volume are shown in Figure 2B. 

On multivariable analysis for patients treated with 
total gastrectomy, a greater number of disparate factors 
was identified in the low and middle volume centers 
compared to the high volume centers, consistent with the 
esophagectomy analysis. Table 4 summarizes the results 
only for the demographic factors that were found to be 
significant with OS by hospital volume. Among low volume 
centers, statistically significant disparate factors associated 
with poorer OS included ethnicity, insurance status, 
income, and treatment facility type. Among middle volume 
centers, disparate factors included income only. No racial 
or socioeconomic disparities were identified among patients 

Figure 2 Kaplan Meier plots comparing overall survival (OS) between groups based on hospital case volume (low: 1–99 cases per decade, 
middle: 100–200 cases per decade, and high: >200 cases per decade) for patients with (A) esophageal cancer or (B) gastric cancer.
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Table 2 Association of patient demographic factors with overall  
survival (OS) stratified by hospital volume for patients with  
esophageal cancer, including adenocarcinoma and squamous cell 
carcinoma. Only demographic variables that reached statistical 
significance were included in this table. Data derived from the  
National Cancer Data Base Esophageal Cancer Participant User 
File, 2004–2013

Variable HR (95% CI) P value

Low volume

Ethnicity 0.05

Not Hispanic vs. Hispanic 0.80 (0.64–1.01)

Insurance 0.009

Private vs. not insured 0.84 (0.66–1.08)

Medicare vs. not insured 0.98 (0.76–1.26)

Medicaid vs. not insured 1.01 (0.76–1.35)

Other vs. not insured 0.99 (0.67–1.46)

Education <0.001

<14% vs. >29% 0.79 (0.70–0.89)

14–19.9% vs. >29% 0.92 (0.82–1.03)

20–28.9% vs. >29% 0.97 (0.86–1.08)

Middle volume

Race 0.03

Black vs. White 1.34 (0.88–2.06)

Asian vs. White 0.49 (0.23–1.05)

Other vs. White 2.53 (0.92–6.94)

Insurance 0.002

Private vs. not insured 0.46 (0.26–0.81)

Medicare vs. not insured 0.55 (0.30–0.99)

Medicaid vs. not insured 0.84 (0.44–1.63)

Other vs. not insured 0.63 (0.28–1.43)

Setting 0.001

Rural vs. metro 0.70 (0.37–1.33)

Urban vs. metro 1.40 (1.15–1.70)

High volume

Insurance 0.007

Private vs. not insured 0.37 (0.21–0.67)

Medicare vs. not insured 0.33 (0.18–0.60)

Medicaid vs. not insured 0.48 (0.23–1.01)

Other vs. not insured 0.36 (0.15–0.87)

CI, confidence interval; HR, hazard ratio.

treated at the high volume centers. In general, patients with 
private insurance and a higher level of income had superior 
OS compared to uninsured patients and those with a lower 
level of education. Treatment at academic institutions was 
associated with improved OS at low volume centers.

Discussion

In this study, we characterized the association between 
health care disparities and outcomes for two major 
oncologic  procedures ,  esophagectomy and tota l 
gastrectomy, stratified by hospital case volume. Each 
of these issues, (I) disparities in cancer care and (II) the 
centralization of major surgical procedures based on case 
volume, has been garnering increasing attention in health 
care on a global scale (19-22). Disparities in cancer care 
are pervasive among several cancers, including esophageal 
and gastric cancers, both in terms of multimodal 
treatment and for surgery in particular (23-25). Here, we 
identified important racial and socioeconomic disparities 
among patients treated with esophagectomy and total 
gastrectomy. In and of itself, these disparities did not 
represent novel findings. However, the observations that 
these disparities varied by treatment center based on 
case volume, and that these disparities were associated 
with long-term OS highlight important, novel findings 
not previously addressed. The use of a large nationwide 
database to perform this analysis was very appropriate 
given the large number of patients in both the esophageal 
and gastric cancer cohorts. The recognition of these 
disparities contribute to a growing body of evidence that 
major oncologic procedures should be performed at high 
volume centers not only because of the benefits to short-
term outcomes but also because there are fewer disparities 
among patients treated at high volume centers.

Importantly, this study confirmed the findings of 
previous reports characterizing superior short- and long-
term outcomes for esophageal cancer (9,10,26,27) and 
gastric cancer surgery (11,12,28,29) at high volume 
centers. Access to high volume centers was also limited, 
reflected by the distance traveled by patients to undergo 
surgery at the higher volume centers (Tables 1,3). 
However, the unique findings of this study showed 
that while both short- and long-term outcomes were 
superior at high volume centers, these benefits may 
not be equally appreciated by all patient populations. 
Health care treatment disparities have been previously 
identified for patients with either esophageal (16,30)  
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Table 3 Baseline demographics, tumor characteristics, and short-term outcomes for patients with gastric cancer (adenocarcinoma) treated with total 
gastrectomy as stratified by hospital case volume—low: 1–99 cases per decade, middle: 100–200 cases per decade, and high: >200 cases per decade

Variables Low Middle High Overall P value

Overall, N (%) 17,552 (87.5) 1,665 (8.3) 842 (4.2) 20,059 (100.0)

Age (mean/std) 65.6/12.1 64.2/11.6 65.1/12.0 65.4/12.1 <0.001

Gender, n (%) <0.001

Male 12,369 (70.5) 1,295 (77.8) 639 (75.9) 14,303 (71.3)

Female 5,183 (29.5) 370 (22.2) 203 (24.1) 5,756 (28.7)

Race, n (%) <0.001

White 14,116 (81.1) 1,432 (88.8) 743 (91.3) 16,291 (82.1)

Black 1,998 (11.5) 94 (5.8) 28 (3.4) 2,120 (10.7)

Asian 1,101 (6.3) 68 (4.2) 34 (4.2) 1,203 (6.1)

Other 193 (1.1) 19 (1.2) 9 (1.1) 221 (1.1)

Ethnicity, n (%) <0.001

Not Hispanic 15,029 (90.6) 1,415 (93.7) 771 (97.1) 17,215 (91.1)

Hispanic 1,555 (9.4) 95 (6.3) 23 (2.9) 1,673 (8.9)

Insurance, n (%) <0.001

Not insured 512 (3.0) 30 (1.8) 6 (0.7) 548 (2.8)

Private 6,719 (38.8) 732 (44.7) 378 (47.1) 7,829 (39.6)

Medicaid 999 (5.8) 94 (5.7) 16 (2.0) 1,109 (5.6)

Medicare 8,904 (51.4) 759 (46.4) 399 (49.8) 10,062 (50.9)

Other 194 (1.1) 22 (1.3) 3 (0.4) 219 (1.1)

Income, n (%) <0.001

< $30,000 2,381 (14.1) 174 (10.9) 91 (11.2) 2,646 (13.7)

$30,000–34,999 3,015 (17.9) 276 (17.3) 165 (20.3) 3,456 (17.9)

$35,000–45,999 4,665 (27.7) 510 (32.0) 213 (26.2) 5,388 (28.0)

> $46,000 6,786 (40.3) 633 (39.7) 345 (42.4) 7,764 (40.3)

Education, n (%) <0.001

>29% 3,240 (19.2) 209 (13.1) 44 (5.4) 3,493 (18.1)

20–28.9% 4,072 (24.2) 401 (25.2) 168 (20.7) 4,641 (24.1)

14–9.9% 3,956 (23.5) 384 (24.1) 246 (30.3) 4,586 (23.8)

<14% 5,577 (33.1) 598 (37.6) 355 (43.7) 6,530 (33.9)

Setting, n (%) <0.001

Metropolitan 14,098 (83.5) 1,253 (78.4) 629 (77.0) 15,980 (82.8)

Urban 2,412 (14.3) 326 (20.4) 161 (19.7) 2,899 (15.0)

Rural 369 (2.2) 20 (1.3) 27 (3.3) 416 (2.2)

Table 3 (continued)
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Table 3 (continued)

Variables Low Middle High Overall P value

Distance (mean/std) 2.9/10.4 7.1/10.6 13.7/26.8 3.7/11.8 <0.001

Facility type, n (%) <0.001

Community cancer program 1,774 (10.1) 0 (0.0) 0 (0.0) 1,774 (8.8)

Comprehensive 7,583 (43.2) 0 (0.0) 0 (0.0) 7,583 (37.8)

Academic 6,852 (39.0) 1,533 (92.1) 842 (100.0) 9,227 (46.0)

Integrated 1,343 (7.7) 132 (7.9) 0 (0.0) 1,475 (7.4)

Charlson-Deyo, n (%) <0.001

0 12,129 (69.1) 1,253 (75.3) 606 (72.0) 13,988 (69.7)

1 4,087 (23.3) 338 (20.3) 191 (22.7) 4,616 (23.0)

2 1,336 (7.6) 74 (4.4) 45 (5.3) 1,455 (7.3)

Grade, n (%) <0.001

Well differentiated 1,118 (6.8) 126 (8.6) 33 (4.0) 1,277 (6.8)

Moderately differentiated 5,805 (35.3) 582 (39.8) 267 (32.6) 6,654 (35.6)

Poorly differentiated 9,195 (56.0) 738 (50.4) 462 (56.5) 10,395 (55.6)

Undifferentiated 304 (1.9) 17 (1.2) 56 (6.8) 377 (2.0)

Chemotherapy, n (%) <0.001

None 5,761 (41.7) 535 (38.9) 246 (38.4) 6,542 (41.3)

Neoadjuvant 4,616 (33.4) 659 (47.9) 272 (42.5) 5,527 (34.9)

Adjuvant 3,444 (24.9) 181 (13.2) 123 (19.2) 3,748 (23.7)

Radiation, n (%) <0.001

None 10,406 (60.2) 975 (58.8) 554 (66.3) 11,939 (60.3)

Neoadjuvant 3,307 (19.1) 518 (31.2) 192 (23.0) 4,017 (20.3)

Adjuvant 3,586 (20.7) 165 (10.0) 86 (10.3) 3,837 (19.4)

Pathologic stage, n (%) <0.001

0 128 (0.9) 14 (1.0) 14 (2.0) 156 (0.9)

I 4,328 (28.8) 507 (36.3) 236 (34.0) 5,071 (29.6)

II 3,732 (24.8) 345 (24.7) 179 (25.8) 4,256 (24.9)

III 5,168 (34.4) 432 (31.0) 211 (30.4) 5,811 (33.9)

IV 1,681 (11.2) 97 (7.0) 54 (7.8) 1,832 (10.7)

Nodes examined (mean/std) 17.2/15.7 17.4/12.1 25.3/17.4 17.5/15.6 <0.001

Margins, n (%) <0.001

Negative 14,684 (85.9) 1,479 (90.1) 775 (92.6) 16,938 (86.5)

Positive 2,415 (14.1) 162 (9.9) 62 (7.4) 2,639 (13.5)

Table 3 (continued)
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Table 3 (continued)

Variables Low Middle High Overall P value

Length of stay (mean/std) 12.8/12.0 12.6/11.7 12.6/12.2 12.7/12.0 0.18

Unplanned readmission, n (%) 0.61

No 15,730 (93.1) 1,528 (92.7) 774 (92.5) 18,032 (93.1)

Yes 1,159 (6.9) 120 (7.3) 63 (7.5) 1,342 (6.9)

30-day mortality, n (%) <0.001

No 14,699 (94.9) 1,461 (97.4) 730 (97.7) 16,890 (95.2)

Yes 793 (5.1) 39 (2.6) 17 (2.3) 849 (4.8)

90-day mortality, n (%) <0.001

No 13,799 (89.6) 1,395 (94.0) 687 (94.8) 15,881 (90.2)

Yes 1,607 (10.4) 89 (6.0) 38 (5.2) 1,734 (9.8)

or gastric cancer (17,25,31). This study provided an in-
depth analysis demonstrating that health care disparities 
vary by institution based on case volume for the selected 
oncologic procedures, with fewer disparate factors present 
at high volume centers. On multivariable analysis, these 
disparities were independently associated with OS and 
may represent areas for health care reform and support 
centralization of complex surgery at high volume centers.

Another issue related to post-operative outcomes is failure 
to rescue. This concept applies to patients who have sustained 
post-operative complications and are unable to recover 
from them, ultimately progressing to mortality (32,33).  
A variety of factors has been associated with failure to 
rescue, including both patient and treatment center 
characteristics. With regard to the latter, the type of 
treatment center (academic teaching versus non-teaching), 
nurse-to-patient ratio, and number of ICU (intensive 
care unit) beds were associated with failure to rescue (34). 
Interestingly, health care disparities have also been linked to 
failure to rescue. In fact, Reames et al. utilized the Medicare 
Provider Analysis and Review File and the Medicare 
Denominator File to study major oncologic procedures, 
including esophagectomy and total gastrectomy (35). The 
authors showed that patients with lower socioeconomic 
status had significantly higher rates of failure to rescue. 

There have been some studies which have not shown an 
association between hospital case volume and short-term 
outcomes. One example was a study performed by LaPar et al.  
using the 2008 Nationwide Inpatient Sample (NIS) (36). 
In this study, the relationship between hospital procedure 

volume of major surgeries and mortality was assessed using 
adjustments for patient demographics, comorbid disease, 
and elective procedure status. The authors concluded that 
hospital procedure volume was not a significant predictor 
of mortality for the performance of pancreatectomy, AAA 
(abdominal aortic aneurysm) repair, esophagectomy, or 
CABG (coronary artery bypass graft). In a more focused 
study by Kozower et al. examining only esophagectomies 
again using the NIS, no significant association was 
demonstrated between in-hospital mortality and procedure 
volume (37). While the results of these studies differ from 
our own findings with regard to morbidity, it is necessary 
to note these studies utilize different databases so that in 
inherent differences between the NCDB and NIS may have 
accounted for these differences. Furthermore, whereas our 
study also examined the effect of these disparities on OS, 
these prior studies using the NIS were limited to short-term 
outcomes and did not assess survival.

We recognize that there were important limitations 
to this study. First, there were inherent limitations to the 
database. With respect to assigning centers to low, middle, 
and high volume, there were disproportionate numbers 
among each of these groups, with the majority of patients 
receiving treatment at the low volume centers. Thus, there 
were statistically greater chances of identifying disparities 
among the low volume centers compared to the middle or 
high volume centers. To adjust for this limitation, however, 
we used the Holm-Bonferroni method to minimize 
statistically significant associations that could be discovered 
by chance. In addition, there is evidence to suggest that 
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superior outcomes associated with high volume centers 
were more related to high volume surgeons as opposed to 
the overall care received at these centers. However, the 
NCDB does not provide sufficient data to analyze outcomes 
based on single surgeon volume (38). 

With respect to the disparities analysis, although the 
NCDB captures the majority of cancer cases in the US and 
allows for a robust statistical analysis, patients in minority 
populations or those with lower socioeconomic status may 

be less likely to be treated at the cancer centers participating 
in the NCDB. Therefore, there may have been a selection 
bias whereby the sample represented by the NCDB in 
general was skewed toward Caucasian patients or those 
with higher socioeconomic status. Another limitation was 
that although the demographic variables included in the 
NCDB were quite comprehensive, the categories within 
each variable were more limiting. For example, the NCDB 
uses the CD comorbidity score as a measure of patient 
comorbidities, which is truncated to three values (0 indicates 
no comorbidities, 1 indicates a single selected comorbidity, 
and 2 indicates ≥1 of the selected comorbidities). Similarly, 
the NCDB has defined cutoff values for income and 
education derived from 2000 US Census data, which were 
somewhat narrow and may have been outdated in our study 
population. Other health care disparities, such as the type 
of insurance plans that certain treatment centers accept, 
were not available in the database. As an example, treatment 
centers without an emergency room would be expected to 
have fewer uninsured or Medicaid patients, representing a 
bias in the analysis.

In conclusion, this study shows an increasing number 
of disparate patient factors associated with low and middle 
volume centers compared to high volume centers for 
patients treated with esophagectomy or total gastrectomy, 
and these factors were independently associated with worse 
OS on multivariable analysis. We showed for the first time 
that disparities differed among treatment centers based on 
volume. In addition to the improved short term outcomes 
and OS, this study further makes the case for performance 
of esophagectomy and total gastrectomy at high volume 
centers, where fewer disparities were observed.

Acknowledgements

We thank the Commission on Cancer of the American 
College of Surgeons for access to the NCDB Participant 
User File. 
Funding: The statistical analysis was supported by Roswell 
Park Cancer Institute and National Cancer Institute (NCI) 
grant P30CA016056.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

Ethical Statement: As this study utilized a nationwide, 

Table 4 Association of patient demographic factors with overall 
survival (OS) stratified by hospital volume for patients with gastric 
cancer (adenocarcinoma). Only demographic variables that reached 
statistical significance were included in this table. Data derived from 
the National Cancer Data Base Gastric Cancer Participant User 
File, 2004–2013

Variable HR (95% CI) P value

Low volume

Ethnicity <0.001

Not Hispanic vs. Hispanic 0.79 (0.71–0.87)

Insurance 0.013

Private vs. not insured 0.88 (0.75–1.04)

Medicare vs. not insured 0.99 (0.84–1.17)

Medicaid vs. not insured 0.98 (0.81–1.19)

Other vs. not insured 0.85 (0.62–1.16)

Income <0.001

> $46,000 vs. < $30,000 0.87 (0.80–0.94)

$35,000–45,999 vs. < $30,000 0.93 (0.86–1.01)

$30,000–34,999 vs. < $30,000 0.99 (0.90–1.09)

Facility type 0.011

Integrated vs. CCCP 0.90 (0.80–1.01)

Academic vs. CCCP 0.87 (0.79–0.96)

Comprehensive vs. CCCP 0.94 (0.86–1.03)

Middle volume

Income <0.001

> $46,000 vs. < $30,000 0.87 (0.65–1.15)

$35,000–45,999 vs. < $30,000 1.32 (1.00–1.76)

$30,000–34,999 vs. < $30,000 1.33 (0.98–1.81)

High volume

None – NA

HR, hazard ratio; CI, confidence interval; NA, not applicable; 
CCCP, Comprehensive Community Cancer Program.
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