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Abstract

High-volume hospitals have been associated with better outcomes for high-risk cancer surgeries, although concerns exist concern-
ing inequitable access to these high-volume hospitals. We assessed tendencies in access to high-volume hospitals for 4 (lung, pan-
creatic, rectal, esophageal) high-risk cancer surgeries for Black and Hispanic patients in the National Cancer Database. Hospitals
were classified as high volume according to Leapfrog Group volume thresholds. Odds of accessing high-volume hospitals increased
over time for Black and Hispanic patients for 3 surgeries, but Black patients had lower probabilities of undergoing a pancreatec-
tomy, proctectomy, or esophagectomy at high-volume hospitals than non-Black patients (eg, 2016 pancreatectomy rate: 49.0% [95%
confidence interval (CI)¼45.4% to 52.5%] vs 62.3% [95% CI¼61.1% to 63.5%]). Although for Hispanics the gap narrowed for lung re-
section and pancreatectomy, these populations continued to have lower probabilities of accessing high-volume hospitals than
non-Hispanic patients (eg, 2016 pancreatectomy: 48.8% [95% CI¼44.1% to 53.5%] vs 61.6% [95% CI¼60.5% to 62.8%]). Despite in-
creased access to high-volume hospitals for high-risk cancer surgeries, ongoing efforts to improve equity in access are needed.

Receiving care at high-volume hospitals has been associated
with better outcomes for patients undergoing certain high-risk
cancer surgeries (1,2). Accordingly, the Leapfrog Group and
other stakeholders have long advocated for hospitals to meet
minimum-volume standards (3,4). Geographic and financial
barriers prevent patients’ access to high-volume hospitals, how-
ever, raising concerns that minimum-volume standards may
exacerbate racial and ethnic disparities (5,6). We evaluated
trends in access to high-volume hospitals for high-risk cancer
surgeries in the overall population and for Black and Hispanic
patients in the National Cancer Database (NCDB).

We conducted an observational study using the NCDB 2017
participant user file, identifying patients diagnosed from 2005
to 2016 who underwent lung resection, pancreatectomy, proc-
tectomy, or esophagectomy for cancer. Hospitals were defined
as high volume if they met the Leapfrog Group yearly threshold
(lung¼ 40, pancreatic¼ 20, rectal¼ 16, and esophageal¼ 20).
Each hospital’s cancer-specific volume was calculated as a rolling
2-year average. Hospitals were defined as reporting to the NCDB

if they had reported any care (diagnosis or treatment) for any of 6
cancers (lung, pancreas, rectal, esophageal, breast, and colon)
during that year. Therefore, if a hospital was reporting but had
no surgeries recorded for that year, the hospital was defined as
having had zero surgeries for that year. To diminish the risk of
bias from hospitals reporting intermittently to the NCDB, we in-
cluded only those hospitals that reported for the entirety of
the study period. We also conducted a sensitivity analysis of all
hospitals that had reported to the NCDB at some point during
the study period and found no meaningful change in the results.

We performed multivariable logistic regression by diagnosis
year to evaluate time trends while adjusting for region, age, sex,
insurance coverage, area-level income, area of residence,
Charlson-Deyo Comorbidity Index score, and pathologic stage.
Definitions of variables and methodological details on race and
ethnicity can be found in the Supplementary “Methods” section
(available online). We evaluated differences in temporal trends
in access to high-volume hospitals for Black and Hispanic
patients using year x race and year x ethnicity interaction
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Table 1. Proportions and adjusted odds ratios of access to high-volume hospitals for high-risk surgeries, 2005-2016a

High-risk surgery 2005 2006 2011 2012 2015 2016 Overall findings

Lung resection
All patients Overall trend:

Increased HVH use
Treated at HVH, % 43.3 48.0 47.8 48.1 51.3 53.0
OR (95% CI) 1 1.21 (1.17 to 1.26) 1.21 (1.16 to 1.25) 1.22 (1.17 to 1.27) 1.40 (1.35 to 1.46) 1.51 (1.45 to 1.56)

Black No racial disparity
Treated at HVH, % 42.4 47.4 45.9 46.6 52.2 52.8
OR (95% CI) 1 1.23 (1.07 to 1.42) 1.16 (1.02 to 1.34) 1.19 (1.04 to 1.37) 1.49 (1.30 to 1.70) 1.53 (1.33 to 1.75)

Non-Black
Treated at HVH, % 43.4 47.9 47.9 48.2 51.0 52.8
OR (95% CI) 1 1.21 (1.16 to 1.26) 1.21 (1.17 to 1.26) 1.23 (1.18 to 1.28) 1.40 (1.34 to 1.45) 1.51 (1.45 to 1.57)

Hispanic Ethnic disparity:
Decreased over time

Treated at HVH, % 27.6 32.0 39.9 40.8 53.7 48.2
OR (95% CI) 1 1.24 (0.92 to 1.66) 1.79 (1.37 to 2.35)b 1.93 (1.47 to 2.54)b 3.19 (2.46 to 4.14)b 2.65 (2.05 to 3.43)b

Non-Hispanic
Treated at HVH, % 43.9 48.0 48.5 48.6 51.5 53.5
OR (95% CI) 1 1.19 (1.14 to 1.24) 1.21 (1.16 to 1.26)b 1.21 (1.16 to 1.26)b 1.38 (1.33 to 1.44)b 1.50 (1.44 to 1.56)b

Pancreatectomy
All patients Overall trend:

Increased HVH use
Treated at HVH, % 37.0 41.4 54.2 57.3 59.3 60.5
OR (95% CI) 1 1.23 (1.12 to 1.35) 2.12 (1.94 to 2.32) 2.45 (2.25 to 2.67) 2.65 (2.44 to 2.89) 2.84 (2.61 to 3.09)

Black Racial disparity:
Same over time

Treated at HVH, % 24.5 30.3 43.3 49.6 48.5 49.3
OR (95% CI) 1 1.42 (1.01 to 2.00) 2.52 (1.85 to 3.42) 3.29 (2.44 to 4.44)b 3.09 (2.30 to 4.15) 3.19 (2.37 to 4.29)

Non-Black
Treated at HVH, % 38.1 42.5 55.4 58.0 60.7 61.8
OR (95% CI) 1 1.22 (1.10 to 1.35) 2.09 (1.91 to 2.29) 2.36 (2.16 to 2.59)b 2.63 (2.41 to 2.88) 2.82 (2.58 to 3.09)

Hispanic Ethnic disparity:
Decreased over time

Treated at HVH, % 12.5 18.0 41.4 38.7 47.3 48.4
OR (95% CI) 1 1.68 (0.89 to 3.18)b 5.34 (3.11 to 9.16)b 4.92 (2.89 to 8.37)b 6.65 (3.94 to 11.22)b 7.20 (4.30 to 12.03)b

Non-Hispanic
Treated at HVH, % 39.1 43.6 55.7 58.5 60.1 61.5
OR (95% CI) 1 1.24 (1.12 to 1.37)b 2.05 (1.87 to 2.25)b 2.33 (2.12 to 2.55)b 2.48-(2.27 to 2.71)b 2.65-(2.42 to 2.90)b

Proctectomy
All patients Overall trend:

Increased HVH use
Treated at HVH, % 43.4 47.1 50.3 50.2 56.8 57.8
OR (95% CI) 1 1.16 (1.10 to 1.23) 1.32 (1.24 to 1.39) 1.31 (1.23 to 1.38) 1.68 (1.59 to 1.78) 1.74 (1.65 to 1.85)

Black Racial disparity:
Same over time

Treated at HVH, % 39.9 48.4 48.5 52.3 52.2 52.9
OR (95% CI) 1 1.37 (1.12 to 1.68) 1.44 (1.17 to 1.77) 1.70 (1.38 to 2.09)b 1.63 (1.33 to 1.99) 1.69 (1.38 to 2.07)

Non-Black
Treated at HVH, % 43.4 46.8 50.4 50.1 57.2 58.2
OR (95% CI) 1 1.15 (1.08 to 1.21) 1.32 (1.24 to 1.40) 1.29 (1.22 to 1.37)b 1.71 (1.61 to 1.82) 1.77 (1.67 to 1.88)

Hispanic Ethnic disparity:
Increased over time

Treated at HVH, % 46.0 48.3 43.5 42.6 53.1 53.7
OR (95% CI) 1 1.06 (0.82 to 1.38) 0.87 (0.67 to 1.13)b 0.85 (0.66 to 1.10)b 1.31 (1.03 to 1.67)b 1.32 (1.03 to 1.69)b

Non-Hispanic
Treated at HVH, % 43.1 45.9 51.2 51.1 57.4 58.3
OR (95% CI) 1 1.12 (1.05 to 1.19) 1.37 (1.29 to 1.46)b 1.36 (1.28 to 1.44)b 1.73 (1.63 to 1.84)b 1.78 (1.68 to 1.89)b

Esophagectomy
All patients Overall trend:

Same HVH use
Treated at HVH, % 21.1 24.0 25.3 28.5 22.2 19.3
OR (95% CI) 1 1.25 (1.09 to 1.44) 1.26 (1.09 to 1.46) 1.49 (1.29 to 1.72) 1.05 (0.91 to 1.22) 0.88 (0.76 to 1.02)

(continued)
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terms. The non-Black and non-Hispanic groups included any
patients who were not identified as Black or Hispanic, respec-
tively. Missing variables were imputed using multiple imputa-
tion, except for region, which was left as “unknown” because it
is suppressed by the NCDB for patients aged from birth to
39 years. A 95% confidence interval (CI) that did not cross the
null value of 1.00 was considered statistically significant. The
Yale institutional review board deemed this study exempt. We
used SAS statistical software, version 9.4 (SAS Institute Inc), and
Stata, release 16 (StataCorp LP). We followed the Strengthening
the Reporting of Observational Studies in Epidemiology report-
ing guidelines for observational studies (http://www.equator-
network.org/reporting-guidelines/strobe/).

The final study sample included 1099 hospitals and 483 212
patients; 272 671 of these patients underwent lung resection,
65 161 pancreatectomy, 117 795 proctectomy, and 27 585 esopha-
gectomy. The median age was 66 years (interquartile range
¼ 58-73). The proportion of Black and Hispanic patients in the
overall population increased from 2005 to 2016 by 1.4% and
1.5%, respectively. The proportion of hospitals that became high
volume increased from 2005 to 2016 across all cancers, except
for esophageal (lung, 13.5% to 16.3%; pancreatic, 3.5% to 9.3%;
rectal, 15.1% to 18.6%; esophageal, 1.2% to 1.2%). The proportion
of patients receiving surgery at high-volume hospitals increased
between 2005 and 2016 for all surgeries, except esophagecto-
mies (lung resection, 43.3% in 2005 to 53.0% in 2016; pancreatec-
tomy, 37.0% to 60.5%; proctectomy, 43.4% to 57.8%;
esophagectomy, 21.1% to 19.3%). At the beginning of the study
period, a lower percentage of Black patients compared with
non-Black patients underwent pancreatectomy, proctectomy,
and esophagectomy at high-volume hospitals. The percentage
of Hispanic patients undergoing lung resection, pancreatec-
tomy, or esophagectomy at high-volume hospitals in 2005 was
also lower than that of non-Hispanic patients. The odds of
accessing high-volume hospitals for lung resection, pancreatec-
tomy, or proctectomy statistically significantly increased over
time for the overall population as well as for the subgroups of
Black and Hispanic patients (Table 1).

After adjusting for sociodemographic and clinical character-
istics, the increase in odds of accessing high-volume hospitals
over time was similar for Black and non-Black patients (Table 1),

but racial disparities persisted. Black patients continued to have
lower predicted probabilities of accessing high-volume hospi-
tals for pancreatectomy, proctectomy, and esophagectomy than
non-Black patients (eg, 2016 pancreatectomy: 49.0% [95% CI
¼ 45.4% to 52.5%] vs 62.3% [95% CI¼ 61.1% to 63.5%]) (Figure 1).
For lung resection and pancreatectomy, the increase in access
to high-volume hospitals was more rapid for Hispanic com-
pared with non-Hispanic patients (Table 1). For all surgeries,
however, Hispanic patients continued to have lower predicted
probabilities of accessing high-volume hospitals than non-
Hispanic patients (eg, 2016 pancreatectomy: 48.8% [95%
CI¼ 44.1% to 53.5%] vs 61.6% [95% CI¼ 60.5% to 62.8%]) (Figure 1).

In our study, we found an increase in rates of access to high-
volume hospitals over time for all patients who require high-
risk cancer surgery, including Black and Hispanic patients, but
racial disparities persisted without a change in the gap between
Black and non-Black patients over time for 3 of the 4 cancers.
Although disparities between Hispanic and non-Hispanic
patients also remained, the gap narrowed for 2 of the 4 cancers.
Our study adds to previous literature by assessing access to
high-volume hospitals for minoritized populations for more
than a decade, using data from all 50 states (6,7).

The fact that racial disparities—and some ethnic disparities—
were observed after adjusting for sociodemographic characteris-
tics suggests that structural racism plays a role. This finding is in
line with prior reports in the cancer population in which Black
patients have been shown to have higher rates of postoperative
mortality and complications, even after accounting for social char-
acteristics (8). Ultimately, these findings raise the concern that ini-
tiatives such as regionalization of high-risk cancer surgeries might
be resulting in the unintended consequence of worsening access
to high-quality care for minoritized populations (9).

Although the NCDB captures 70% of new cancer diagnoses,
our findings might not reflect access to Commission on Cancer
nonaccredited hospitals, which tend to be smaller and more ru-
ral (10). Furthermore, the NCDB does not capture other underly-
ing patient-specific factors that can lead to lack of access to
high-volume hospitals (eg, access to transportation, social sup-
port); therefore, we could not include them in our analysis. It is
also important to note that our study focuses on patients who
received surgery which represents a single point on the cancer

Table 1. (continued)

High-risk surgery 2005 2006 2011 2012 2015 2016 Overall findings

Blackc Racial disparity:
Same over time

Treated at HVH, % 10.0 10.1 14.3 17.9 5.9 7.8
OR (95% CI) 1 1.58 (0.88 to 2.84) 0.53 (0.25 to 1.10)

Non-Blackc

Treated at HVH, % 21.3 24.3 25.9 29.0 22.9 19.9
OR (95% CI) 1 1.24 (1.12 to 1.38) 0.89 (0.80 to 0.99)

Hispanicc Ethnic disparity:
Same over time

Treated at HVH, % 15.4 14.3 17.2 17.7 5.7 8.3
OR (95% CI) 1 1.34 (0.61 to 2.91) 0.38 (0.15 to 0.94)

Non-Hispanicc

Treated at HVH, % 21.5 24.9 25.8 29.1 22.8 20.0
OR (95% CI) 1 1.16 (1.05 to 1.29) 0.82 (0.73 to 0.91)

aFor brevity, not all years included in the analyses are displayed. Full models are available upon request. CI¼ confidence interval; HVH¼high-volume hospital;

OR¼odds ratio.
bDesignates variables of race and ethnicity that had a significant interaction term with the year of diagnosis.
cVolume reported as 2 consecutive years given that yearly frequency fell below 100.
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care continuum. Nevertheless, our study underscores that even
though regionalization of high-risk cancer surgeries appears to
be happening, ongoing efforts are needed to guarantee equita-
ble access to high-volume hospitals.
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Figure 1. Predicted probabilities of accessing high-volume hospitals for high-risk cancer surgeries by race and ethnicity. A) Lung resection; B) pancreatectomy; C) proc-

tectomy; D) esophagectomy. Shaded areas of the curves indicate 95% confidence intervals.
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