
Original Investigation | Diversity, Equity, and Inclusion

Evaluation of Racial Disparities in Quality of Care for Patients
With Gastrointestinal Tract Cancer Treated With Surgery
Baylee F. Bakkila, BA, BS; Daniel Kerekes, MD; Marcella Nunez-Smith, MD, MHS; Kevin G. Billingsley, MD, MBA; Nita Ahuja, MD, MBA;
Karen Wang, MD, MHS; Carol Oladele, PhD, MPH; Caroline H. Johnson, PhD; Sajid A. Khan, MD

Abstract

IMPORTANCE Racial disparities have been demonstrated in many facets of health care, but a
comprehensive understanding of who is most at risk for substandard surgical care of gastrointestinal
tract cancers is lacking.

OBJECTIVE To examine racial disparities in quality of care of patients with gastrointestinal
tract cancers.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study of patients with
gastrointestinal tract cancer included the US population as captured in the National Cancer Database
with a diagnosis from January 1, 2004, to December 31, 2017. Participants included 565 124 adults
who underwent surgical resection of gastrointestinal tract cancers. Data were analyzed from June 21
to December 23, 2021.

EXPOSURES Race and site of cancer.

MAIN OUTCOMES AND MEASURES Oncologic standard of care, as defined by negative resection
margin, adequate lymphadenectomy, and receipt of indicated adjuvant chemotherapy and/or
radiotherapy.

RESULTS Among 565 124 adult patients who underwent surgical resection of a gastrointestinal tract
cancer, 10.9% were Black patients, 83.5% were White patients, 54.7% were men, and 50.7% had
Medicare coverage. The most common age range at diagnosis was 60 to 69 years (28.5%). Longer
median survival was associated with negative resection margins (87.3 [IQR, 28.5-161.9] months vs
22.9 [IQR, 8.8-69.2] months; P < .001) and adequate lymphadenectomies (80.7 [IQR, 25.6 to not
reached] months vs 57.6 [IQR, 17.7-153.8] months; P < .001). After adjustment for covariates, Black
patients were less likely than White patients to have negative surgical margins overall (odds ratio
[OR], 0.96 [95% CI, 0.93-0.98]) and after esophagectomy (OR, 0.71 [95% CI, 0.58-0.87]),
proctectomy (OR, 0.71 [95% CI, 0.66-0.76]), and biliary resection (OR, 0.75 [95% CI, 0.61-0.91]).
Black patients were also less likely to have adequate lymphadenectomy overall (OR, 0.89 [95% CI,
0.87-0.91]) and after colectomy (OR, 0.89 [95% CI, 0.87-0.92]), esophagectomy (OR, 0.72 [95% CI,
0.63-0.83]), pancreatectomy (OR, 0.90 [95% CI, 0.85-0.96]), proctectomy (OR, 0.93 [95% CI,
0.88-0.98]), proctocolectomy (OR, 0.90 [95% CI, 0.81-1.00]), and enterectomy (OR, 0.71 [95% CI,
0.65-0.79]). Black patients were more likely than White patients not to be recommended for
chemotherapy (OR, 1.15 [95% CI, 1.10-1.21]) and radiotherapy (OR, 1.49 [95% CI, 1.35-1.64]) because
of comorbidities and more likely not to receive recommended chemotherapy (OR, 1.68 [95% CI, 1.55-
1.82]) and radiotherapy (OR, 2.18 [95% CI, 1.97-2.41]) for unknown reasons.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE These findings suggest that there are significant racial disparities
in surgical care of gastrointestinal tract cancers. Black patients are less likely than White patients to
receive standard of care with respect to negative surgical margins, adequate lymphadenectomies,
and use of adjuvant therapies. Both system- and physician-level reforms are needed to eradicate
these disparities in health care.

JAMA Network Open. 2022;5(4):e225664. doi:10.1001/jamanetworkopen.2022.5664

Introduction

Racial and ethnic disparities have long been reported in the health care system, and the COVID-19
pandemic has further highlighted these inequities in medicine with disproportionately higher rates
of both infection and death in Black and Hispanic patients.1-3 Cancer treatment has not been immune
to these incongruities, with racial and ethnic disparities consistently observed in survival
outcomes.4,5 Although national treatment guidelines exist, differences in care of patients based on
sociodemographic features still persist and may contribute to these observed survival inequities.6,7

Gastrointestinal tract cancer comprises a large proportion of cancer burden. It accounts for 26%
of cancers globally and 35% of all cancer-related mortality, with increasing age-standardized
incidence of colon, rectal, liver, intrahepatic bile duct, stomach, and pancreatic cancers projected in
the US during the coming decades.8,9 Black patients have a disproportionate gastrointestinal tract
cancer burden compared with White patients, with a 19% excess risk of cancer death for men and
13% excess risk for women.10,11 Although innovative treatments exist, evidence suggests that
inequities in access to quality care may explain part of the disproportionate incidence of and
mortality due to cancer in Black patients.10

Evidence shows that Black patients are less likely than White patients to receive any surgical
intervention for their gastrointestinal tract cancer, including esophageal and colorectal cancers.12-14

This observed difference in access to effective treatment has been associated with lower survival
rates among Black patients compared with White patients.13,15 In 2003, the Institute of Medicine
published a comprehensive review of treatment disparities and potential causes, concluding that
patients in racial minority groups were receiving lower quality of health care.16 They called on
clinicians, patients, and society at large to address these inequities. Eighteen years later, the goal of
this study is to provide an update to these findings as they relate to surgical care of gastrointestinal
tract cancer in a cohort of patients diagnosed and treated after the Institute of Medicine’s report and
call to action.

Although some investigators have quantified existing disparities in access to surgery, few have
examined disparities in quality of care among those who underwent surgical resection and why these
disparities may exist. In this study, we aim to examine whether there are racial disparities in cancer
care for patients undergoing surgical intervention with curative intent. Accordingly, we examined the
likelihood of negative resection margin, site-specific adequate lymphadenectomy, and receipt of
adjuvant therapy by race in 12 gastrointestinal tract cancers as proxies for quality of surgical and
perioperative cancer care received by a patient. We also looked at racial differences in survival and in
reasons for omission of adjuvant therapy. Ultimately, we aimed to better understand the mechanism
behind worse survival outcomes among Black patients with gastrointestinal tract cancer and the
possible contribution of variations in quality of surgical and perioperative care.
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Methods

Data Source and Study Sample
We used data from the National Cancer Database (NCDB) 2017 Participant Use File for this cohort
study. The NCDB is a joint project between the American College of Surgeons and the American
Cancer Society sourced from 1500 Commission on Cancer–accredited facilities, representing more
than 70% of newly diagnosed cancer cases in the US. Adult participants (aged �18 years) who were
diagnosed with a malignant neoplasm of the gastrointestinal tract from January 1, 2004, to
December 31, 2017, and underwent surgical resection of their primary cancer site were included in
our analysis. Exclusion criteria included missing demographic and clinical data as well as unknown
surgery type or local tumor destruction, rather than surgical resection. Missing variables were
assumed to be missing completely at random because all data were extracted from the medical
record by trained clinical reviewers at participating institutions. Operations described as local tumor
excisions were included in resection margin analysis but omitted from lymphadenectomy analysis.
This study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline. Because the NCDB is a deidentified database, this research study did
not qualify as human subjects research and was therefore not reviewed in accordance with Yale
University Institutional Review Board guidelines.

Outcome Measures
Resection Margins
Resection margins were noted to be negative if all surgical resection margins were grossly and
microscopically negative. Patients who had margins with residual tumor that was macroscopic,
microscopic, or not otherwise specified were classified as having positive margins.

Adequate Lymphadenectomy
Adequate lymphadenectomy was defined according to standards set by the National Comprehensive
Cancer Network, American Joint Committee on Cancer staging manuals, or expert consensus based
on quality metric studies spanning more than 2 decades. Number of lymph nodes examined, as
captured by the NCDB, was recoded into a binary adequate or inadequate variable based on the
standard for each respective cancer site. Having 12 or more lymph nodes examined was considered
adequate for cancers of the colon, rectosigmoid, rectum, and anus.17,18 For the esophagus, pancreas,
and stomach, a cutoff of 15 or more lymph nodes was used; for the small intestine, 8 or more lymph
nodes; and for the gallbladder, 6 or more lymph nodes.19-24 Liver, other biliary, and peritoneal
primary site cancers were not included in the lymphadenectomy analysis.

Adjuvant Therapy
We used a variable within the NCDB that captures whether a patient was recommended to receive
adjuvant therapy (chemotherapy or radiotherapy), if they received it, and if not, why it was omitted
from the treatment regimen. Reasons included refused, not administered due to comorbidities,
or unknown.

Survival Outcomes
Individual time from diagnosis to death or last contact is a reported variable in the NCDB. Association
of survival outcomes with resection margins and adequate lymphadenectomy were calculated.

Demographic, Socioeconomic, and Clinical Covariates
From the NCDB Participant User File, we extracted demographic and treatment site information,
including age at diagnosis, sex, race, ethnicity, primary payer at the time of diagnosis, and facility
type. In the NCDB, race and ethnicity are collected from medical records, electronic medical record
billing records, or self-reported by the patient, using standardized options for both race and ethnicity,
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including the category “other.” The American Indian category included Aleutian and Inuit patients,
and the Asian and Pacific Islander groups were collapsed from appropriate NCDB categories. Age at
diagnosis was extracted as a continuous variable and grouped by decade.

To control for cancer characteristics, we also extracted primary tumor and patient information,
including organ of primary site (grouped by International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision codes), grade or differentiation, American Joint Committee
on Cancer clinical stage group, and Charlson Comorbidity Index scores. Charlson Comorbidity Index
scores capture comorbidity based on 15 weighted categories of patient characteristics and
diagnoses, with higher scores indicating greater comorbidity and risk of mortality.25

Statistical Analysis
Data were analyzed from June 21 to December 23, 2021. Analyses focused on comparisons between
Black and White patients because Black patients have a disproportionate burden and lower survival
rates of gastrointestinal tract cancers compared with White patients. Descriptive statistics were run
to characterize the patient population in aggregate and stratified by race. We fit multivariable logistic
regressions to examine how race was associated with odds of negative resection margin and
adequate lymphadenectomy during resection. Four multivariable regressions were used to evaluate
the robustness of the association between surgical outcome metric and race to better understand
the role of covariate adjustment. Model 1 was unadjusted; model 2, adjusted for sex, age group, race,
and organ site; model 3, additionally adjusted for primary payer, facility type, and Charlson
Comorbidity Index score; and model 4, adjusted for model 2 and 3 covariates and clinical TNM stage
group and grade. In organ-specific analyses and Cox proportional hazards regressions, model 2 was
used to control for the most important covariates while avoiding inclusion of variables that may be in
the causal pathway for racially disparate treatment outcomes.

Regression models were run in aggregate and individually by cancer site. We set α = .05, and a
2-sided P < .05 indicated statistical significance. We performed χ2 tests of independence and odds
ratio (OR) calculations to examine the association between race and use, omission, and reason for
omission of recommended adjuvant therapy. Hypothesis tests were 2-sided. Cox proportional
hazards regressions and hazard ratios (HRs) were calculated to examine the associations between
surgical outcomes and race for all cancer types and by organ site. All analyses were conducted in
SPSS Statistics, version 28.0.0.0 (IBM Corporation).

Results

A total of 565 124 patients with gastrointestinal tract cancer met our inclusion criteria. The entire
study population was used for resection margin analysis, whereas subsets were used for
lymphadenectomy and adjuvant therapy analyses (Figure 1). There was a male predominance in the
study population, with 309 027 men (54.7%) and 256 097 women (45.3%) (eTable 1 in the
Supplement). The majority were White (472 133 [83.5%]), non-Hispanic (510 580 [90.3%]) patients;
1909 (0.3%) were American Indian, 19 431 (3.4%) were Asian, 61 750 (10.9%) were Black, 921 (0.2%)
were Pacific Islander, 4544 (0.8%) were other race or ethnicity, and 4436 (0.8%) were of unknown
race or ethnicity. The most common primary site was the colon (44.9%), and Medicare was the most
common primary payer (50.7%) (eTable 1 in the Supplement). The most common age range at
diagnosis was 60 to 69 years (28.5%), and the most common facility type was a comprehensive
community cancer program (39.8%). Negative surgical resection margins were observed in 88.5% of
patients and adequate lymphadenectomy was observed in 71.2% of patients.

Resection Margins
In model 1 unadjusted analysis, we found that Black patients were less likely to have negative
resection margins compared with White patients (OR, 0.95 [95% CI, 0.93-0.97]) (Figure 2A). Asian
patients were more likely to have negative margins (OR, 1.13 [95% CI, 1.01-1.19]). In each subsequent
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logistic regression (models 2-4), we included numerous covariates in a stepwise fashion. The 4%
disparity in negative resection margin for Black patients was observed in all models (OR for model 2,
0.96 [95% CI, 0.93-0.98]; OR for model 3, 0.96 [95% CI, 0.94-0.99]; and OR for model 4, 0.96
[95% CI, 0.93-0.99]).

When applying model 2 to individual cancers, differences in likelihood of negative resection
margin varied according to race and ethnicity and site. Black patients were 29% more likely than
White patients to have negative resection margins for gallbladder cancer (OR, 1.29 [95% CI, 1.11-1.50])
and 29% less likely after esophagectomy (OR, 0.71 [95% CI, 0.58-0.87]) (Figure 2B). Compared with
White patients, Black patients were 25% less likely to have negative resection margins in other biliary
site resections (OR, 0.75 [95% CI, 0.61-0.91]) and 29% less likely in proctectomies (OR, 0.71 [95%
CI, 0.66-0.76]).

Adequate Lymphadenectomy
Black patients were 3% less likely to have adequate lymphadenectomy compared with White
patients in an unadjusted model (model 1 OR, 0.97 [95% CI, 0.95-0.99]) (Figure 3A). American
Indian patients were also less likely to have adequate node examination when compared with White
patients (OR, 0.79 [95% CI, 0.71-0.87]), whereas Asian patients were 5% more likely (OR, 1.05 [95%
CI, 1.01-1.09]). With the inclusion of covariates in additional models, the magnitude of disparity
between Black and White patients was increased from 11% to 14% (OR for model 2, 0.89 [95% CI,
0.87-0.91]; OR for model 3, 0.86 [95% CI, 0.84-0.88]; and OR for model 4, 0.87 [95% CI,
0.85-0.89]).

With respect to individual cancer types, differences in likelihood of adequate
lymphadenectomy ranged from 6% less likely for Black patients than White patients undergoing
gastrectomy (OR, 0.94 [95% CI, 0.89-1.00]) to 29% less likely after enterectomy (OR, 0.71 [95% CI,
0.65-0.79]) (Figure 3B). Compared with White patients, Black patients were less likely to have
adequate lymphadenectomy after esophagectomy (OR, 0.72 [95% CI, 0.63-0.83]), colectomy (OR,
0.89 [95% CI, 0.87-0.92]), proctocolectomy (OR, 0.90 [95% CI, 0.81-1.00]), proctectomy (OR, 0.93
[95% CI, 0.88-0.98]), and pancreatectomy (OR, 0.90 [95% CI, 0.85-0.96]).

Figure 1. Inclusion Criteria for Analysis

2 753 577 Patients with GI tract cancer 
diagnosed from 2014 to 2017

1 075 284
9421

24 012
22 762

No surgery of primary site
Unknown if received surgery
Local tumor destruction
Surgery of unknown type

1 622 098 Patients with GI tract cancer 
who underwent resection of
primary site

981 106

23 628

47 292

4948

Missing demographic or 
clinical data
Missing or unknown resection 
margins
Missing or unknown systemic
therapy status
Missing or unknown lymph 
node examination

565 124 Patients undergoing surgery for 
GI tract cancer included in 
resection margin and adjuvant 
therapy analyses

48 758 Local tumor excision

11 637
9254
2566

Liver
Other biliary
Peritoneal

492 909 Patients undergoing surgery for 
GI tract cancer included in 
lymph node analysis

GI indicates gastrointestinal.
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Adjuvant Therapy
In unadjusted analysis and when compared with White patients, Black patients were 8% less likely to
receive chemotherapy (OR, 0.92 [95% CI, 0.90-0.93]) and 35% less likely to receive radiotherapy
(OR, 0.65 [95% CI, 0.63-0.66]) (Table). Omission of recommended adjuvant treatment was also

Figure 2. Odds Ratios (ORs) of Negative Surgical Margins by Race

0.71 2.501.00
OR (95% CI)

0.50 2.500.71 1.00
OR (95% CI)

P valueModel
Model 1

White 1 [Reference]

OR (95% CI)

<.001Black 0.95 (0.93-0.97)

0.14American Indian 0.90 (0.79-1.03)

<.001Asian 1.13 (1.01-1.19)

.14Pacific Islander 0.87 (0.72-1.05)

.93Other 1.00 (0.92-1.10)

.31Unknown 1.05 (0.96-1.15)

Model 2

White 1 [Reference]

.001Black 0.96 (0.93-0.98)

.09American Indian 0.89 (0.77-1.02)

<.001Asian 1.10 (1.05-1.16)

.12Pacific Islander 0.86 (0.70-1.04)

.25Other 1.06 (0.96-1.16)

.01Unknown 1.13 (1.02-1.25)

Model 3

White 1 [Reference]

.007Black 0.96 (0.94-0.99)

.24American Indian 0.92 (0.80-1.06)

<.001Asian 1.11 (1.06-1.16)

.11Pacific Islander 0.85 (0.70-1.04)

.36Other 1.05 (0.95-1.15)

.09Unknown 1.09 (0.99-1.20)

Model 4

White 1 [Reference]

.005Black 0.96 (0.93-0.99)

.26American Indian 0.92 (0.80-1.06)

.002Asian 1.08 (1.03-1.14)

.17Pacific Islander 0.87 (0.71-1.06)

.90Other 1.00 (0.91-1.11)

.16Unknown 1.08 (0.97-1.19)

Negative surgical marginsA Negative margins
more likely in

White patients

Negative margins more 
likely in patients of 
other races or ethnicities

P valueOrgan

Anus 9057 0.98 (0.85-1.12)

OR (95% CI)
No. of
patients

.73
Colon 253 668 1.02 (0.98-1.06) .40
Esophagus 25 385 0.71 (0.58-0.87) .001
Gallbladder 6847 1.29 (1.11-1.50) <.001
Liver 19 229 1.20 (1.02-1.41) .03
Other biliary 9559 0.75 (0.61-0.91) .004
Pancreas 48 582 0.96 (0.89-1.04) .32
Peritoneum 2633 1.14 (0.85-1.54) .37
Rectum 102 974 0.71 (0.66-0.76) <.001
Rectosigmoid 29 746 0.90 (0.79-1.03) .12
Small intestine 15 080 0.98 (0.87-1.10) .70
Stomach 42 364 1.03 (0.95-1.25) .52

All GI tract cancers 565 124 0.96 (0.93-0.98) .001

Organ siteB Negative margins
more likely in

White patients

Negative margins
more likely in
Black patients

A, Odds ratios of negative surgical margins by race in 4
models. Model 1 was unadjusted; model 2, adjusted
for sex, age group, race, and organ site; model 3,
adjusted for covariates in model 2 and primary payer,
facility type, and Charlson Cormorbidity Index; and
model 4, adjusted for covariates in models 2 and 3 and
clinical TNM stage group and cancer grade. B, Odds
ratios of Black patients having negative resection
margins compared with White patients were separated
by organ site and controlled for covariates in model 2.
GI indicates gastrointestinal.
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more common in Black patients for both chemotherapy (OR, 1.15 [95% CI, 1.12-1.19]) and radiotherapy
(OR, 1.48 [95% CI, 1.40-1.58]). The proportion of patients who refused recommended adjuvant
therapy did not differ significantly by race (OR for chemotherapy, 1.01 [95% CI, 0.97-1.06]; OR for
radiotherapy, 1.01 [95% CI, 0.91-1.12]) (Table). However, Black patients were 15% more likely than
White patients not to be administered chemotherapy (OR, 1.15 [95% CI, 1.10-1.21]) and 49% more
likely not to be administered radiotherapy (OR, 1.49 [95% CI, 1.35-1.64]) owing to comorbidities.

Figure 3. Odds Ratios (ORs) of Adequate Lymphadenectomy by Race

0.71 2.501.00
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.21
Colon 245 349 0.89 (0.87-0.92) <.001
Esophagus 23 158 0.72 (0.63-0.83) <.001
Gallbladder 6620 0.94 (0.76-1.12) .55
Pancreas 48 026 0.90 (0.85-0.96) <.001
Rectum 86 757 0.93 (0.88-0.98) .004
Rectosigmoid 28 578 0.90 (0.81-1.00) .04
Small intestine 13 248 0.71 (0.65-0.79) <.001
Stomach 39 081 0.94 (0.89-1.00) .04

All GI tract cancers 492 909 0.89 (0.87-0.91) <.001

Organ siteaB Adequate
lymphadenectomy more

likely in White patients
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lymphadenectomy more
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A, Odds ratios of adequate lymph node removal by
race in 4 models. Model 1 was unadjusted; model 2,
adjusted for sex, age group, race, and organ site; model
3, adjusted for covariates in model 2 and primary
payer, facility type, and Charlson Cormorbidity Index;
and model 4, for covariates in models 2 and 3 and
clinical TNM stage group and cancer grade. B, Odds
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a Model 2.
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Black patients were also 68% more likely not to receive recommended chemotherapy (OR, 1.68
[95% CI, 1.55-1.82]) and 118% more likely not to receive recommended radiotherapy (OR, 2.18 [95%
CI, 1.97-2.41]) for unknown reasons.

Survival Outcomes
Median follow-up for the entire cohort was 41.0 (IQR, 19.4-72.0) months. Negative resection margins
were associated with a longer median survival than positive margins (87.3 [IQR, 28.5-161.9] months
vs 22.9 [IQR, 8.8-69.2] months; P < .001). Compared with White patients with negative resection
margins, Black patients with negative resection margins had increased risk of death (HR, 1.12 [95% CI,
1.10-1.14]) (Figure 4A). White patients with positive resection margins had increased risk of death
(HR, 2.54 [95% CI, 2.51-2.57]), as did Black patients with positive resection margins (HR, 2.65 [95%
CI, 2.57-2.71]). Black patients with negative resection margins after proctocolectomies had a 35%
higher risk of death than white patients with negative resection margins (HR, 1.35 [95% CI,
1.26-1.45]), a 27% higher risk after proctectomies with negative resection margins (HR, 1.27 [95% CI,
1.08-1.50]), and a 24% higher risk after enterectomies with negative resection margins (HR, 1.24
[95% CI, 1.13-1.36]) (eTable 2 in the Supplement).

Adequate lymphadenectomy was associated with a longer median survival than inadequate
lymphadenectomy (80.7 [IQR, 25.6 to not reached] months vs 57.6 [IQR, 17.7-153.8] months;
P < .001). Overall median follow-up was 40.7 (IQR, 19.0-72.0) months. Compared with White
patients with adequate lymphadenectomy, Black patients with adequate lymphadenectomy had an
increased risk of death (HR, 1.13 [95% CI, 1.11-1.15]), as did White patients with inadequate
lymphadenectomy (HR, 1.10 [95% CI, 1.09-1.11]) and Black patients with inadequate
lymphadenectomy (HR, 1.20 [95% CI, 1.17-1.23]) (Figure 4B).

Table. Use or Omission of Chemotherapy and Radiotherapy Among Black and White Patients

Adjuvant treatment Black patients White patients

OR (95% CI) for
Black compared
with White patients P value

Overall adjuvant treatment

Chemotherapy

No. of patients included in analysis 59 741 459 814 NA NA

No. (%) receiving 28 839 (48.3) 231 702 (50.4) 0.92 (0.90-0.93) <.001

Radiotherapy

No. of patients included in analysis 60 742 465 262 NA NA

No. (%) receiving 10 780 (17.7) 116 202 (25.0) 0.65 (0.63-0.66) <.001

Omission of recommended adjuvant treatment

Chemotherapy

No. of patients included in the analysis 34 165 269 321 NA NA

All reasons, No. (%) 5326 (15.6) 37 619 (14.0) 1.15 (1.12-1.19) <.001

Refused, No. (%) 2332 (6.8) 17 991 (6.7) 1.01 (0.97-1.06) .64

Comorbidity contraindication, No. (%) 1883 (5.5) 13 414 (5.0) 1.15 (1.10-1.21) <.001

Unknown, No. (%) 622 (1.8) 2943 (1.1) 1.68 (1.55-1.82) <.001

Radiotherapy

No. of patients included in the analysis 12 121 125 962 NA NA

All reasons, No. (%) 1341 (11.1) 9750 (7.7) 1.48 (1.40-1.58) <.001

Refused, No. (%) 395 (3.3) 4079 (3.2) 1.01 (0.91-1.12) .90

Comorbidity contraindication, No. (%) 484 (4.0) 3420 (2.7) 1.49 (1.35-1.64) <.001

Unknown, No. (%) 462 (3.8) 2251 (1.8) 2.18 (1.97-2.41) <.001
Abbreviations: NA, not applicable; OR, odds ratio.
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Discussion

In this cohort study of more than half a million patients with gastrointestinal tract cancer undergoing
surgery with curative intent, Black patients were more likely than White patients to receive
substandard cancer care. Black patients had a 4% lower odds of negative resection margin and 11%
lower odds of adequate lymphadenectomy (model 2). In addition, Black patients were 15% and 49%
more likely than White patients to not receive indicated adjuvant chemotherapy and radiotherapy,
respectively, owing to comorbidities, and 68% and 118% more likely, respectively, not to receive
these therapies for unknown reasons. These observed differences in care are concerning in their own

Figure 4. Survival Functions by Outcome Metric of Interest and Race
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[model 2]) and hazard ratios (HRs) stratified by White
or Black race. For surgical resection margins (A), HR for
White race and positive margins was 2.54 (95% CI,
2.51-2.57); for Black race and negative margins, 1.12
(95% CI, 1.10-1.14); and for Black race and positive
margins, 2.65 (95% CI, 2.57-2.71), with White race and
negative margins as the reference (P < .001). For lymph
node removal (B), HR for White race and inadequate
lymphadenectomy was 1.10 (95% CI, 1.09-1.11); for
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CI, 1.11-1.15); and for Black race and inadequate
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race and adequate lymphadenectomy as the reference
category (P < .001).
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right, but they may also contribute to the worse survival outcomes that have been reported among
Black patients with gastrointestinal tract cancer.4,5 Accordingly, disparate oncologic treatment for
Black patients, likely working in conjunction with other disparities in lived experience, were shown to
exacerbate survival differences associated with surgical outcomes.

Prior research12-15 has demonstrated racial disparities in both receipt of surgery and overall
survival for Black patients with cancer but understates the problematic disparities in care between
Black and White patients by limiting analysis to small clinical stage subgroups. In addition, they fail to
look at treatment metrics beyond receipt of surgery. Our study fills these gaps by providing a
comprehensive analysis of these disparities with 3 critical treatment metrics among 12 cancer types.
Among patients who underwent surgical intervention, Black patients with gastrointestinal tract
cancer appear to receive worse care than their White counterparts before, during, and after
oncologic surgical resection. In addition, our organ-specific analyses permit comparison across
primary sites and indicate those with the most severe disparities. For gallbladder cancer, resection
margin outcomes were better for Black patients than White patients, although this outlier was
observed in a small sample size.

Outcomes regarding both resection margins and lymphadenectomy are determined by a
myriad of factors, including patient anatomy, hospital and pathology department capacitance, and a
surgeon’s technical abilities and decision-making. In fact, the magnitude of the disparities for age
and facility type were larger than that for race and ethnicity in our adjusted models (eFigures 1 and 2
in the Supplement). Although factors such as type of treatment center and hospital volume have
been reported previously to correlate with greater lymph node removal and likelihood of negative
resection margins,26,27 we observed racial disparities in our study when controlling for these
covariates. Of note, a sensitivity analysis that additionally adjusted for facility volume and racial
composition of patient population showed that inclusion of these variables did not change the
significance of our findings. Systemic barriers beyond facility type may be incompletely controlled for
by our analyses and may lead to systematic disadvantages for Black patients, such as higher disease
burden at diagnosis, thereby contributing to our observed disparities.28,29

The presence of disparities at this stage of care, and after controlling for clinical factors,
indicates the need to better understand lapses in the system, such as when and why surgical margins
are not checked intraoperatively and when and why not all collected lymph nodes are properly
dissected and examined. Implicit bias of clinicians, for example, has been correlated with racial
differences in management of metastatic cancer–related pain and shorter, less comprehensible
treatment discussions with patients with cancer.30,31 Identification of possible biases, such as time
spent on lymph node dissections and unrecognized cultural biases by clinicians and health care
systems, is needed to better understand racial disparities in care. Subsequently, appropriate
interventions should be made, such as additional quality improvement measures or further bias
training to ensure standard of care is given to every patient with cancer, regardless of race or
ethnicity.

The decision to use adjuvant therapy is multifocal, with patients, families, and clinicians
contributing. Although Black patients were less likely to be treated with adjuvant therapy overall and
less likely to receive it when recommended, they were just as likely to refuse recommended therapy
as White patients, indicating that patient decision-making largely does not differ by race in this
instance. Further research probing potential biases in perception of comorbidities by clinicians as
well as system factors, such as access to transportation to adjuvant therapy, is needed to understand
and address this treatment disparity. In addition, exploration into the currently unknown reasons for
omission of recommended therapy will be essential to addressing disparities in cancer outcomes.

Limitations
Our study has some limitations. First, the NCDB lacks individual-level factors, such as body mass
index, that may contribute to disparities in surgical care. However, we were able to use the Charlson
Comorbidity Index in our model to control for comorbid conditions. Second, our survival analyses
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look at time from diagnosis, as opposed to time from surgery. However, we believe that using survival
starting from diagnosis allows us to capture more elements of potential racial bias in the treatment
pathway. For example, later diagnosis or treatment initiation due to race or ethnicity may lead to
poorer surgical outcomes and survival and are therefore important to capture in our disparity
analysis. Third, we restricted analysis to include only patients undergoing surgery, but racial and
ethnic disparities in access to surgery itself have been previously reported,12-14 indicating our study
likely underestimates the differences in care between Black and White patients with gastrointestinal
tract cancer. Finally, our data do not capture cancer treatment and outcomes during the COVID-19
pandemic, which may lead to underestimation of disparities given the added burden of the pandemic
and interruptions to care, especially for patients in racial and ethnic minority groups.1-3

Conclusions

The findings of this cohort study suggest that Black patients with gastrointestinal tract cancer are
more likely than their White counterparts to receive surgical and adjuvant treatment that deviates
from the standard of care. These findings suggest that potential lapses in the health care system by
clinicians and hospital systems contribute to racial and ethnic differences in survival by way of
treatment disparities. Our study also found treatment disparities for American Indian patients,
warranting additional inquiry. Further research should aim to probe both system- and physician-level
drivers of disparities within cancer care and address places of bias that allow for this inequitable
treatment of both Black and American Indian patients.

ARTICLE INFORMATION
Accepted for Publication: January 11, 2022.

Published: April 4, 2022. doi:10.1001/jamanetworkopen.2022.5664

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Bakkila BF
et al. JAMA Network Open.

Corresponding Authors: Sajid A. Khan, MD, Division of Surgical Oncology, Department of Surgery, Yale School of
Medicine, PO Box 208062, New Haven, CT 06520-8062 (sajid.khan@yale.edu); Caroline H. Johnson, PhD,
Department of Environmental Health Sciences, Yale School of Public Health, Yale University, 60 College St, New
Haven, CT 06510 (caroline.johnson@yale.edu).

Author Affiliations: currently a medical student at Yale School of Medicine, New Haven, Connecticut (Bakkila);
Department of Surgery, Yale University School of Medicine, New Haven, Connecticut (Kerekes); Equity Research
and Innovation Center, Section of General Internal Medicine, Yale School of Medicine, New Haven, Connecticut
(Nunez-Smith, Wang); Division of Surgical Oncology, Department of Surgery, Yale School of Medicine, New Haven,
Connecticut (Billingsley, Ahuja, Khan); Equity Research and Innovation Center, Yale School of Medicine, New
Haven, Connecticut (Oladele); Department of Environmental Health Sciences, Yale School of Public Health, Yale
University, New Haven, Connecticut (Johnson).

Author Contributions: Ms Bakkila and Dr Khan had full access to all the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Bakkila, Nunez-Smith, Khan.

Acquisition, analysis, or interpretation of data: Bakkila, Kerekes, Billingsley, Ahuja, Wang, Oladele, Johnson, Khan.

Drafting of the manuscript: Bakkila, Ahuja, Wang, Khan.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Bakkila, Kerekes, Khan.

Obtained funding: Bakkila, Khan.

Administrative, technical, or material support: Bakkila, Billingsley, Ahuja, Wang, Oladele, Khan.

Supervision: Nunez-Smith, Ahuja, Johnson, Khan.

Conflict of Interest Disclosures: Ms Bakkila reported receiving grants from the National Institute of Diabetes and
Digestive and Kidney Diseases during the conduct of the study. Dr Ahuja reported receiving grants from the

JAMA Network Open | Diversity, Equity, and Inclusion Evaluation of Racial Disparities in Quality of Care for Patients With GI Tract Cancer

JAMA Network Open. 2022;5(4):e225664. doi:10.1001/jamanetworkopen.2022.5664 (Reprinted) April 4, 2022 11/13

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.5664&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
mailto:sajid.khan@yale.edu
mailto:caroline.johnson@yale.edu


National Institutes of Health (NIH), National Cancer Institute, and nonfinancial support from Yale Cancer Center
during the conduct of the study; grants from Cepheid and Astex Pharmaceuticals outside the submitted work;
holding patent 0167513 with royalties paid from Cepheid; owning stock in IBM Corporation and Coca Cola
Company; having stock options in NielsenIQ; and having a spouse who is a senior vice president in NielsenIQ. Dr
Khan reported receiving grants from the NIH during the conduct of the study. No other disclosures were reported.

Funding/Support: This study was supported by Research Scholar Grant RSG-20-065-01-TBE from the American
Cancer Society (Dr Johnson); grants K12CA215110 (Dr Johnson), 1R21CA223686-01 (Drs Johnson and Khan), and
CTSA UL1 TR001863 (Dr Khan) from the NIH; and award T35DK104689 from the NIH (Ms Bakkila).

Role of the Funder/Sponsor: The sponsors had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: Javier Perez Irizarry, MPH, from the Yale Cancer Center Tumor Registry, helped with the
use and interpretation of National Cancer Database variables, for which he was not compensated.

REFERENCES
1. Mahajan S, Caraballo C, Lu Y, et al. Trends in differences in health status and health care access and affordability
by race and ethnicity in the United States, 1999-2018. JAMA. 2021;326(7):637-648. doi:10.1001/jama.2021.9907

2. Mackey K, Ayers CK, Kondo KK, et al. Racial and ethnic disparities in COVID-19–related infections,
hospitalizations, and deaths: a systematic review. Ann Intern Med. 2021;174(3):362-373. doi:10.7326/M20-6306

3. Tai DBG, Shah A, Doubeni CA, Sia IG, Wieland ML. The disproportionate impact of COVID-19 on racial and ethnic
minorities in the United States. Clin Infect Dis. 2021;72(4):703-706. doi:10.1093/cid/ciaa815

4. Ward E, Jemal A, Cokkinides V, et al. Cancer disparities by race/ethnicity and socioeconomic status. CA Cancer J
Clin. 2004;54(2):78-93. doi:10.3322/canjclin.54.2.78

5. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and ethnic disparities in cancer survival:
the contribution of tumor, sociodemographic, institutional, and neighborhood characteristics. J Clin Oncol. 2018;
36(1):25-33. doi:10.1200/JCO.2017.74.2049

6. Zhang C, Zhang C, Wang Q, Li Z, Lin J, Wang H. Differences in stage of cancer at diagnosis, treatment, and
survival by race and ethnicity among leading cancer types. JAMA Netw Open. 2020;3(4):e202950. doi:10.1001/
jamanetworkopen.2020.2950

7. Shavers VL, Brown ML. Racial and ethnic disparities in the receipt of cancer treatment. J Natl Cancer Inst.
2002;94(5):334-357. doi:10.1093/jnci/94.5.334

8. Arnold M, Abnet CC, Neale RE, et al. Global burden of 5 major types of gastrointestinal cancer.
Gastroenterology. 2020;159(1):335-349.e15. doi:10.1053/j.gastro.2020.02.068

9. Weir HK, Thompson TD, Stewart SL, White MC. Cancer incidence projections in the United States between 2015
and 2050. Prev Chronic Dis. 2021;18:E59. doi:10.5888/pcd18.210006

10. DeSantis CE, Miller KD, Goding Sauer A, Jemal A, Siegel RL. Cancer statistics for African Americans, 2019. CA
Cancer J Clin. 2019;69(3):211-233. doi:10.3322/caac.21555

11. Jacobs D, Zhu R, Luo J, et al. Defining early-onset colon and rectal cancers. Front Oncol. 2018;8:504. doi:10.
3389/fonc.2018.00504

12. Bliton JN, Parides M, Muscarella P, Papalezova KT, In H. Understanding racial disparities in gastrointestinal
cancer outcomes: lack of surgery contributes to lower survival in African American patients. Cancer Epidemiol
Biomarkers Prev. 2021;30(3):529-538. doi:10.1158/1055-9965.EPI-20-0950

13. Savitch SL, Grenda TR, Scott W, et al. Racial disparities in rates of surgery for esophageal cancer: a study from
the National Cancer Database. J Gastrointest Surg. 2021;25(3):581-592. doi:10.1007/s11605-020-04653-z

14. Akinyemiju T, Meng Q, Vin-Raviv N. Race/ethnicity and socio-economic differences in colorectal cancer surgery
outcomes: analysis of the nationwide inpatient sample. BMC Cancer. 2016;16:715. doi:10.1186/s12885-016-2738-7

15. Nipp R, Tramontano AC, Kong CY, et al. Disparities in cancer outcomes across age, sex, and race/ethnicity
among patients with pancreatic cancer. Cancer Med. 2018;7(2):525-535. doi:10.1002/cam4.1277

16. Institute of Medicine (US) Committee on Understanding and Eliminating Racial and Ethnic Disparities in Health
Care; Smedley BD, Stith AY, Nelson AR, eds. Unequal Treatment: Confronting Racial and Ethnic Disparities in Health
Care. National Academies Press; 2014.

17. National Comprehensive Cancer Network. Colon cancer, version 2.2021. January 21, 2021. Accessed August 29,
2021. https://www.nccn.org/home

18. National Comprehensive Cancer Network. Rectal cancer, version 1.2021. December 22, 2020. Accessed August
29, 2021. https://www.nccn.org/home

JAMA Network Open | Diversity, Equity, and Inclusion Evaluation of Racial Disparities in Quality of Care for Patients With GI Tract Cancer

JAMA Network Open. 2022;5(4):e225664. doi:10.1001/jamanetworkopen.2022.5664 (Reprinted) April 4, 2022 12/13

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2021.9907&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
https://dx.doi.org/10.7326/M20-6306
https://dx.doi.org/10.1093/cid/ciaa815
https://dx.doi.org/10.3322/canjclin.54.2.78
https://dx.doi.org/10.1200/JCO.2017.74.2049
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.2950&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.2950&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
https://dx.doi.org/10.1093/jnci/94.5.334
https://dx.doi.org/10.1053/j.gastro.2020.02.068
https://dx.doi.org/10.5888/pcd18.210006
https://dx.doi.org/10.3322/caac.21555
https://dx.doi.org/10.3389/fonc.2018.00504
https://dx.doi.org/10.3389/fonc.2018.00504
https://dx.doi.org/10.1158/1055-9965.EPI-20-0950
https://dx.doi.org/10.1007/s11605-020-04653-z
https://dx.doi.org/10.1186/s12885-016-2738-7
https://dx.doi.org/10.1002/cam4.1277
https://www.nccn.org/home
https://www.nccn.org/home


19. National Comprehensive Cancer Network. Esophageal and esophagogastric junction cancers, version 4.2021.
August 3, 2021. Accessed August 29, 2021. https://www.nccn.org/home

20. Tomlinson JS, Jain S, Bentrem DJ, et al. Accuracy of staging node-negative pancreas cancer: a potential quality
measure. Arch Surg. 2007;142(8):767-723. doi:10.1001/archsurg.142.8.767

21. National Comprehensive Cancer Network. Gastric cancer, version 4.2021. August 3, 2021. Accessed August 29,
2021. https://www.nccn.org/home

22. National Comprehensive Cancer Network. Small bowel adenocarcinoma, version 1.2021. February 16, 2021.
Accessed August 29, 2021. https://www.nccn.org/home

23. Aloia TA, Járufe N, Javle M, et al. Gallbladder cancer: expert consensus statement. HPB (Oxford). 2015;17(8):
681-690. doi:10.1111/hpb.12444

24. Chun YS, Pawlik TM, Vauthey J-N. 8th Edition of the AJCC Cancer Staging Manual: pancreas and hepatobiliary
cancers. Ann Surg Oncol. 2018;25(4):845-847. doi:10.1245/s10434-017-6025-x

25. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM administrative
databases. J Clin Epidemiol. 1992;45(6):613-619. doi:10.1016/0895-4356(92)90133-8

26. Justiniano CF, Aquina CT, Fleming FJ, et al. Hospital and surgeon variation in positive circumferential resection
margin among rectal cancer patients. Am J Surg. 2019;218(5):881-886. doi:10.1016/j.amjsurg.2019.02.029

27. Wang EH, Yu JB, Gross CP, et al. Association between surgeon and hospital characteristics and lymph node
counts from radical prostatectomy and pelvic lymph node dissection. Urology. 2015;85(4):890-895. doi:10.1016/
j.urology.2015.01.006

28. Dimou A, Syrigos KN, Saif MW. Disparities in colorectal cancer in African-Americans vs Whites: before and after
diagnosis. World J Gastroenterol. 2009;15(30):3734-3743. doi:10.3748/wjg.15.3734

29. Noel M, Fiscella K. Disparities in pancreatic cancer treatment and outcomes. Health Equity. 2019;3(1):
532-540. doi:10.1089/heq.2019.0057

30. Fiscella K, Epstein RM, Griggs JJ, Marshall MM, Shields CG. Is physician implicit bias associated with
differences in care by patient race for metastatic cancer-related pain? PLoS One. 2021;16(10):e0257794. doi:10.
1371/journal.pone.0257794

31. Penner LA, Dovidio JF, Gonzalez R, et al. The effects of oncologist implicit racial bias in racially discordant
oncology interactions. J Clin Oncol. 2016;34(24):2874-2880. doi:10.1200/JCO.2015.66.3658

SUPPLEMENT.
eTable 1. Demographic and Clinical Characteristics of Patients
eTable 2. Survival Analysis by Outcome Metric, Race, and Organ Site
eFigure 1. Odds Ratios of Negative Surgical Margins With Covariates (Model 2)
eFigure 2. Odds Ratios of Adequate Lymphadenectomy With Covariates (Model 2)

JAMA Network Open | Diversity, Equity, and Inclusion Evaluation of Racial Disparities in Quality of Care for Patients With GI Tract Cancer

JAMA Network Open. 2022;5(4):e225664. doi:10.1001/jamanetworkopen.2022.5664 (Reprinted) April 4, 2022 13/13

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://www.nccn.org/home
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archsurg.142.8.767&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.5664
https://www.nccn.org/home
https://www.nccn.org/home
https://dx.doi.org/10.1111/hpb.12444
https://dx.doi.org/10.1245/s10434-017-6025-x
https://dx.doi.org/10.1016/0895-4356(92)90133-8
https://dx.doi.org/10.1016/j.amjsurg.2019.02.029
https://dx.doi.org/10.1016/j.urology.2015.01.006
https://dx.doi.org/10.1016/j.urology.2015.01.006
https://dx.doi.org/10.3748/wjg.15.3734
https://dx.doi.org/10.1089/heq.2019.0057
https://dx.doi.org/10.1371/journal.pone.0257794
https://dx.doi.org/10.1371/journal.pone.0257794
https://dx.doi.org/10.1200/JCO.2015.66.3658

