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ABSTRACT

Background: Adjuvant therapy for resected pancreatic adenocarcinoma
was given a category 1NCCN recommendation in 2000, yetmany patients
do not receive chemotherapy after definitive surgery. Whether soci-
odemographic disparities exist for receipt of adjuvant chemotherapy is
poorly understood.Methods: TheNational Cancer Databasewas used
to identify patients diagnosed with nonmetastatic pancreatic adeno-
carcinoma who underwent definitive surgery from 2004 through 2015.
Multivariable logistic regression defined the adjusted odds ratio
(aOR) and associated 95% CI of receipt of adjuvant chemotherapy.
Among patients receiving chemotherapy, multivariable logistic re-
gression assessed theodds of treatmentwithmultiagent chemotherapy.
Results:Among 18,463 patients, 11,288 (61.1%) received any adjuvant
chemotherapy. Sociodemographic factors inversely associated with
receipt of any adjuvant chemotherapy included uninsured status
(aOR, 0.61; 95%CI, 0.50–0.74), Medicaid insurance (aOR, 0.66; 95%CI,
0.57–0.77), and lower income (P,.001 for all income levels compared
with $$46,000). Black race (aOR, 0.72; 95% CI, 0.57–0.90) and female
sex (aOR, 0.75; 95% CI, 0.65–0.86) were associated with lower odds of
receiving multiagent chemotherapy. There was a statistically significant
interaction term between black race and age/comorbidity status
(P5.03), such that 26.4% of black versus 35.8% of nonblack young
(aged #65 years) and healthy (Charlson-Deyo comorbidity score 0)
patients receivedmultiagent adjuvant chemotherapy (P5.006), whereas
multiagent adjuvant chemotherapy rates were similar among pa-
tients who were not young and healthy (P5.15). Conclusions: In this
nationally representative study, receipt of adjuvant chemotherapy
appeared to be associated with sociodemographic characteristics,
independent of clinical factors. Sociodemographic differences in
receipt of adjuvant chemotherapy may represent a missed opportunity
for improving outcomes and a driver of oncologic disparities.
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Background
Multiple randomized trials have shown improved survival
with the addition of adjuvant chemotherapy after surgical
resection for patients with pancreatic adenocarcinoma.1–5

In 2000, theNCCNClinical PracticeGuidelines inOncology
(NCCN Guidelines) for Pancreatic Adenocarcinoma rec-
ommended 5-FU–based chemoradiation for all resected
tumors based on data from a study performed by the
Gastrointestinal Tumor Study Group,6,7 and after pub-
lication of results from the CONKO-001 trial in 2007,
gemcitabine monotherapy became a standard adjuvant
treatment for resected pancreatic cancer.5,8 More re-
cent trials, including ESPAC-43 and PRODIGE 24,1 which
compared adjuvant gemcitabine versus modified
FOLFIRINOX (mFOLFIRINOX; fluorouracil/leucovorin/
irinotecan/oxaliplatin), have shown a survival benefit
with multiagent versus single-agent chemotherapy.
According to current NCCN Guidelines, gemcitabine 1
capecitabine, mFOLFIRINOX, gemcitabine monotherapy,
and 5-FU/leucovorin are all category 1 recommendations
for adjuvant therapy.9

Despite these consensus recommendations, studies
have shown that, outside of the clinical trial setting, many
patients do not go on to receive adjuvant chemotherapy.10–13

Variables shown to affect the delivery of postoperative
chemotherapy include clinical factors, such as patient
age, extent of postoperative complications, and pres-
ence of lymph node metastases.10–13 In contrast, socio-
demographic characteristics influencing receipt of adjuvant
chemotherapy remain undefined, and the extent of these
disparities in routine practice is unknown.

Given the increasingly apparent benefit of che-
motherapy in resected pancreatic cancer, we sought to
examine the patterns of adjuvant chemotherapy by
sociodemographic characteristics in a comprehensive
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national database including patients with stage I–III
pancreatic adenocarcinoma undergoing definitive surgi-
cal resection.

Methods

Study Cohort
The National Cancer Database (NCDB) captures 70% of
incident cancers in the United States treated at American
College of Surgeons’ Commission on Cancer–accredited
programs and was used to identify patients diagnosed
with pathologic stage I–III pancreatic adenocarcinoma
who underwent definitive surgery, defined as partial
or total pancreatectomy, from 2004 through 2015.
Patients who underwent local tumor excision only,
had no surgery, or had an unknown surgery type
were excluded. Only patients receiving all of the first
course of treatment or for whom a decision was made
not to treat at the reporting facility were included.
Patients whose first cancer diagnosis was not pan-
creatic adenocarcinoma were excluded. In addi-
tion, patients surviving ,60 days after surgery and
those with unknown insurance status, race, cancer
stage, income level, or treating facility type were also
excluded.

Chemotherapy
Patients were categorized as receiving no chemotherapy,
any adjuvant chemotherapy (including both single-agent
and multiagent chemotherapy), or multiagent chemo-
therapy. Those who received any chemotherapy before
surgery, those with chemotherapy status unknown, those
with chemotherapy and surgery sequence unknown, and
those who did not receive chemotherapy because they
were diagnosed at autopsy or had died before receipt of
recommended therapy were excluded. Adjuvant chemo-
therapy was defined as chemotherapy delivered within
12 weeks after surgery, as per NCCNGuidelines.9 Among
patients who did not receive adjuvant chemotherapy,
whether they refused treatment was recorded. This
outcome is described in the NCDB data dictionary as,
“Chemotherapy was not administered. It was recom-
mended by the patient’s physician, but this treatment
was refused by the patient, a patient’s family member,
or the patient’s guardian. The refusal was noted in
patient record.”14

Statistical Analysis

Receipt of Any Adjuvant Chemotherapy
The primary endpoint of interest was receipt of any ad-
juvant chemotherapy (single-agent or multiagent). Mul-
tivariable logistic regression defined the adjusted odds
ratio (aOR) of receipt of adjuvant chemotherapy (yes vs
no) by race (white [ref ], black, Asian, other/unknown),

age (continuous), sex (male [ref ], female), pathologic
cancer stage (I [ref ], II, III), Charlson-Deyo comorbidity
score (0 [ref ], 1, 2, 3), facility type (academic/research
center [ref], community cancer program, comprehensive
community cancer program, integrated network cancer
program), insurance type (private insurance/managed
care [ref], uninsured, Medicaid, Medicare, other gov-
ernment), median annual household income ($$46,000
[ref], $35,000–$45,999, $30,000–$34,999, ,$30,000), read-
mission within 30 days of surgery (no [ref], yes), and
treatment era (2004–2006 [ref], 2007–2009, 2010–2012,
2013–2015). The Charlson-Deyo comorbidity index is
the most widely used measure of comorbidity and
was developed to predict 1-year mortality based on
22 conditions, such as heart disease, AIDS, and dia-
betes. Each condition is assigned a score of 1, 2, 3, or 6,
depending on the risk of dying associated with each
one. Scores are summed to provide a total score to
predict mortality.15 Given that major cancer organi-
zations have sought to reduce disparities by increasing
access to academic centers,16–18 among other strate-
gies, the multivariable model was repeated, restricted
to patients treated at academic/research centers, to
assess whether similar disparities existed among this
subgroup. Fisher exact test was used to compare the
proportion of patients receiving adjuvant chemother-
apy by patient characteristic.

Receipt of Multiagent Versus Single-Agent
Adjuvant Chemotherapy
Among patients receiving adjuvant chemotherapy, mul-
tivariable logistic regression defined the aOR of receipt of
multiagent versus single-agent chemotherapy using the
same variables as earlier. Similarly, the multivariable
model was repeated, restricted to patients treated at
academic/research centers.

Furthermore, a separate model including an in-
teraction term between race (black vs nonblack) and
comorbidity status (young and healthy vs not young
and healthy) was assessed to determine whether dis-
parities in receipt of multiagent chemotherapy by race
varied according to age and overall health status. For this
model, young and healthy patients included those aged
#65 years with a Charlson-Deyo comorbidity score of 0;
patients aged #65 years and with a Charlson-Deyo
comorbidity score of 1 to 3 and those aged .65 years
old, regardless of comorbidity score, were categorized
as not young and healthy. Fisher exact test was used
to compare the proportion of patients receiving multi-
agent adjuvant chemotherapy by patient characteris-
tic. Notably, multiagent chemotherapy was not an NCCN
category 1 treatment recommendation until results of
the ESPAC-4 trial were published in 2017; however, based
on randomized data published in 2011 showing a
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survival advantage associated with FOLFIRINOX ver-
sus single-agent gemcitabine in the treatment of met-
astatic disease,19 many centers also began adopting
multiagent chemotherapy in the definitive postopera-
tive setting.20 Therefore, analyses for multiagent che-
motherapy were restricted to patients treated from
2011 through 2015.

Refusal of Chemotherapy
Among patients who did not receive any adjuvant che-
motherapy, the proportion who refused treatment was
assessed. Multivariable logistic regression defined the
aOR of refusing chemotherapy using the same variables
as earlier.

For each model, predicted margins were calcu-
lated to show prevalence standardized to distribu-
tion of the model covariates. Statistical testing was
2-sided, with a50.05. Data were analyzed using
STATA, version 15.1 (StataCorp). The study was
deemed exempt from review by the University of
Texas Southwestern Medical Center Institutional
Review Board.

Results

Baseline Characteristics
A total of 18,463 patients met study inclusion criteria
(Figure 1). Median age of the cohort was 66 years;
85.7% were white; 65.5% had a comorbidity score
of 0; 84.0% had stage II disease; 57.3% were treated at
academic/research centers; and most had private in-
surance (39.3%) or were covered by Medicaid (52.0%)
(Table 1).

Receipt of Any Adjuvant Chemotherapy
A total of 11,288 patients (61.1%) received any adjuvant
chemotherapy. Sociodemographic factors inversely as-
sociated with receipt of any adjuvant chemotherapy
included treatment at an integrated network cancer
program (aOR, 0.83 vs academic/research center; 95%
CI, 0.75–0.91), uninsured status (aOR, 0.61 vs private
insurance/managed care; 95% CI, 0.50–0.74), Medicaid
insurance coverage (aOR, 0.66 vs private insurance/
managed care; 95% CI, 0.57–0.77), and lower income
(P,.001 for all income levels vs $$46,000) (Table 2). For
example, 51.4% of uninsured patients received chemo-
therapy compared with 62.3% of those with private
insurance/managed care (P,.001), and 65.5% of patients
in the highest income quartile ($$46,000) received any
adjuvant chemotherapy compared with 54.4% in the
lowest income quartile (,$30,000; P,.001). Clinical
factors positively associated with receipt of adjuvant
chemotherapy included advanced stage; in contrast,
older age, higher Charlson-Deyo comorbidity score,
and readmission within 30 days of surgery were inversely

associated with receipt of any adjuvant chemotherapy
(P,.001 for all). Among patients treated at academic
centers, uninsured status (P,.001), Medicaid insurance
(P5.001), and lower income (P,.001) remained negatively
associated with receipt of any adjuvant chemotherapy

Patients with pancreatic
adenocarcinoma (N=121,045)

n=80,698

n=48,660

n=34,434

n=28,618

n=27,254

n=20,188

Final cohort (n=18,463)

Stage IV disease (n=40,347)

No surgery, surgery type unknown, or local
excision only (n=32,038)

Chemotherapy not administered due to patient
death; unknown whether chemotherapy was 
administered; chemotherapy administered before
or during surgery, or chemotherapy and surgery
sequence unknown; or chemotherapy
administered >12 wk after surgery (n=14,226)

Pancreatic adenocarcinoma not first diagnosis
(n=5,816)

Survived <60 d after surgery (n=1,364)

Received treatment at non–CoC-accredited
facility (n=7,066)

Unknown insurance status, race, cancer stage,
income level, or treating facility type (n=1,725)

Exclusions

Figure 1. Patient selection process.
Abbreviation: CoC, American College of Surgeons’ Commission on Cancer.
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(supplemental eTable 1, available with this article at
JNCCN.org).

Receipt of Multiagent Versus Single-Agent
Adjuvant Chemotherapy
Among 10,600 patients receiving chemotherapy for
whom the number of agents was recorded, 3,316 (31.3%)
were treated with multiagent chemotherapy. Among
patients receiving adjuvant chemotherapy, sociodemo-
graphic factors inversely associated with receipt of
multiagent chemotherapy included black race (aOR,
0.72 vs white race; 95% CI, 0.57–0.90), female sex
(aOR, 0.75 vs male sex; 95% CI, 0.65–0.86), and un-
insured status (aOR, 0.61 vs having private insurance/
manged care; 95% CI, 0.40–0.95) (Table 2). For ex-
ample, 23.7% of black patients received multiagent
chemotherapy compared with 30.1% of white patients
(P,.001), and 26.3% of women received multiagent
chemotherapy compared with 32.0% of men (P,.001).
Clinical factors positively associated with receipt of
multiagent chemotherapy included advanced cancer
stage; in contrast, female sex, older age, and higher
Charlson-Deyo comorbidity score were negatively asso-
ciated with receipt of multiagent chemotherapy (P,.001
for all).

Furthermore, there was a statistically significant in-
teraction term between black race and age/comorbidity
status (P5.03), such that the association between black
race and receipt of multiagent adjuvant chemotherapy
was observed only for young and healthy patients (aOR,
0.67; 95% CI, 0.52–0.86) and not for black patients who
were not young and healthy (aOR, 0.88; 95% CI, 0.73–1.07).
Among young and healthy patients, the percentage of
black versus nonblack patients receiving multiagent ad-
juvant chemotherapy was 26.4% versus 35.8%, re-
spectively (P5.006). Among patients who were not
young and healthy, the percentage of black versus
nonblack patients receiving multiagent adjuvant che-
motherapy was similar (22.3% vs 26.2%, respectively;
P5.15). Among patients treated at academic facilities,
black race (P5.046), female sex (P5.002), and un-
insured status (P5.008) remained negatively associated
with receipt of multiagent chemotherapy (supplemental
eTable 1).

Refusal of Chemotherapy
Among 7,175 patients who did not receive chemotherapy,
880 (12.3%) patients were recorded as refusing chemo-
therapy. Female sex (aOR, 1.19; 95% CI, 1.03–1.39) and
more recent treatment era (P,.001) were associated with
increased odds of refusing chemotherapy (Table 3).
Notably, race, insurance type, and income level were not
associated with treatment refusal. Clinical factors asso-
ciated with greater odds of refusal were increasing age

Table 1. Baseline Patient Characteristics

Characteristic n (%)

Total, N 18,463

Age, median (IQR), y 66 (58–74)

Race

White 15,821 (85.7)

Black 2,044 (11.1)

Asian 437 (2.4)

Other 161 (0.9)

Sex

Male 9,332 (50.4)

Female 9,131 (49.5)

Charlson-Deyo comorbidity score

0 12,092 (65.5)

1 4,973 (26.9)

2 1,041 (5.6)

3 357 (1.9)

Cancer stage

I 2,367 (12.8)

II 15,514 (84.0)

III 582 (3.2)

Readmission within 30 d of surgery

No 17,066 (92.4)

Yes 1,397 (7.6)

Insurance type

Private insurance/managed care 7,256 (39.3)

Uninsured 529 (2.9)

Medicaid 877 (4.8)

Medicare 9,610 (52.0)

Other government 191 (1.0)

Income level

$$46,000 7,773 (42.1)

$35,000–$45,999 5,069 (27.5)

$30,000–$34,999 3,250 (17.6)

,$30,000 2,371 (12.8)

Facility type

Academic/Research center 10,586 (57.3)

Community cancer program 566 (3.1)

Comprehensive community cancer program 5,033 (27.3)

Integrated network cancer program 2,278 (12.3)

Treatment era

2004–2006 4,663 (25.3)

2007–2009 5,336 (28.9)

2010–2012 4,137 (22.4)

2013–2015 4,327 (23.4)

Abbreviation: IQR, interquartile range.
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Table 2. Multivariable Logistic Regression of Receiving Any or Multiagent Chemotherapy

Characteristic

Any Chemotherapy (N518,463) Multiagent Chemotherapya (N510,600)

aOR (95% CI) P Value % (95% CI) aOR (95% CI) P Value % (95% CI)

Age (per y) 0.95 (0.94–0.95) ,.001 N/A 0.97 (0.96–0.98) ,.001 N/A

Race

White Ref 61.2 (60.4–61.9) Ref 30.1 (28.6–31.6)

Black 1.01 (0.91–1.12) .85 61.4 (59.3–64.5) 0.72 (0.57–0.90) .003 23.7 (20.1–27.4)

Asian 0.96 (0.78–1.18) .68 60.2 (55.8–64.6) 1.03 (0.69–1.53) .89 30.7 (22.6–38.7)

Other 0.81 (0.58–1.13) .21 56.5 (49.2–63.9) 0.93 (0.47–1.86) .84 28.7 (15.5–42.3)

Sex

Male Ref 61.6 (60.6–62.5) Ref 32.0 (30.0–33.9)

Female 0.96 (0.9–1.02) .20 60.7 (59.7–61.7) 0.75 (0.65–0.86) ,.001 26.3 (24.3–28.2)

Charlson-Deyo comorbidity score

0 Ref 61.8 (61.0–62.6) Ref 31.0 (29.3–32.8)

1 0.96 (0.89–1.00) .23 60.8 (59.6–62.1) 0.80 (0.68–0.94) .005 26.5 (24.0–29.1)

2 0.87 (0.76–0.99) .04 58.7 (55.9–61.5) 0.82 (0.61–1.11) .21 27.2 (21.6–32.7)

3 0.62 (0.50–0.78) ,.001 51.3 (46.4–56.1) 0.36 (0.19–0.69) .002 14.2 (6.5–21.9)

Cancer stage

I Ref 47.6 (45.7–50.0) Ref 21.2 (16.6–25.9)

II 2.01 (1.83–2.20) ,.001 63.2 (62.5–64.0) 1.58 (1.18–2.12) .002 29.7 (28.2–31.1)

III 1.78 (1.47–2.16) ,.001 60.6 (56.8–64.5) 2.48 (1.46–4.19) .001 39.4 (29.1–49.7)

Readmission within 30 d of surgery

No Ref 62.1 (61.3–62.7) Ref 29.3 (27.9–30.7)

Yes 0.57 (0.51–0.64) ,.001 50.0 (47.1–52.0) 0.99 (0.74–1.31) .92 29.0 (23.5–34.5)

Insurance type

Private insurance/managed care Ref 62.3 (61.1–63.6) Ref 29.1 (26.9–31.4)

Uninsured 0.61 (0.50–0.74) ,.001 51.4 (47.2–55.5) 0.61 (0.40–0.95) .02 20.4 (13.7–27.2)

Medicaid 0.66 (0.57–0.77) ,.001 53.3 (49.9–56.6) 0.81 (0.60–1.09) .16 25.0 (19.8–30.2)

Medicare 0.96 (0.89–1.05) .39 61.5 (60.5–62.5) 1.07 (0.89–1.28) .49 30.4 (28.0–32.9)

Other government 1.02 (0.74–1.40) .91 62.7 (59.5–62.0) 1.11 (0.59–2.11) .74 31.3 (18.2–44.5)

Income level

$$46,000 Ref 65.5 (64.5–66.6) Ref 30.4 (26.1–34.7)

$35,000–$45,999 0.80 (0.74–0.86) ,.001 60.8 (59.5–62.0) 0.96 (0.76–1.22) .73 30.0 (27.5–31.6)

$30,000–$34,999 0.65 (0.59–0.71) ,.001 56.2 (54.6–57.8) 0.89 (0.70–1.15) .37 28.1 (25.5–30.7)

,$30,000 0.60 (0.54–0.66) ,.001 54.4 (52.4–56.3) 0.96 (0.73–1.26) .77 29.6 (26.1–33.1)

Facility type

Academic/Research center Ref 61.1 (60.2–62.0) Ref 29.4 (27.7–31.0)

Community cancer program 1.13 (0.94–1.36) .21 63.7 (59.9–67.5) 0.55 (0.29–1.04) .07 18.8 (9.3–28.2)

Comprehensive community cancer program 1.08 (1.00–1.16) .05 62.7 (61.4–64.0) 0.96 (0.81–1.14) .67 29.3 (27.7–31.0)

Integrated network cancer program 0.83 (0.75–0.91) ,.001 57.0 (55.1–59.0) 1.12 (0.89–1.41) .33 31.7 (27.2–36.2)

Treatment era

2004–2006 Ref 59.5 (58.1–60.9) N/A N/A

2007–2009 1.19 (1.09–1.29) ,.001 63.2 (62.0–64.5) N/A N/A

2011–2012 1.08 (0.99–1.19) .08 61.3 (60.0–62.7) Ref 29.3 (27.1–31.5)

2013–2015 1.03 (0.95–1.13) .46 60.2 (58.9–61.6) 1.00 (0.87–1.15) .98 29.2 (27.5–31.0)

Abbreviation: aOR, adjusted odds ratio; N/A, not applicable.
aAmong patients receiving adjuvant chemotherapy.
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Table 3. Multivariable Logistic Regression of Refusing Any Chemotherapy

Characteristic

Refusal of Chemotherapy (N57,175)

aOR (95% CI) P Value % (95% CI)

Age (per y) 1.01 (1.00–1.02) .005 N/A

Race

White Ref 11.3 (10.6–12.1)

Black 0.93 (0.73–1.20) .58 10.7 (8.5–12.9)

Asian 0.86 (0.52–1.40) .55 10.0 (5.7–14.2)

Other 0.83 (0.35–1.94) .66 9.6 (2.4–16.8)

Sex

Male Ref 10.3 (9.3–11.3)

Female 1.19 (1.03–1.39) .02 12.0 (11.0–13.1)

Charlson-Deyo comorbidity score

0 Ref 10.7 (9.8–11.6)

1 1.20 (1.02–1.42) .03 12.5 (11.1–13.9)

2 0.78 (0.56–1.09) .15 8.6 (6.2–11.1)

3 1.60 (1.08–2.38) .02 15.9 (10.9–20.9)

Cancer stage

I Ref 9.5 (7.9–11.1)

II 1.26 (1.01–1.55) .03 11.6 (10.8–12.4)

III 1.11 (0.68–1.83) .67 10.4 (6.3–14.6)

Readmission within 30 d of surgery

No Ref 11.4 (10.7–12.2)

Yes 0.78 (0.60–1.01) .06 9.2 (7.1–11.2)

Insurance type

Private insurance/managed care Ref 9.8 (8.3–11.2)

Uninsured 1.41 (0.89–2.23) .14 13.1 (8.2–18.0)

Medicaid 1.22 (0.82–1.80) .33 11.6 (7.9–15.3)

Medicare 1.24 (1.00–1.52) .05 11.7 (10.7–12.7)

Other government 0.99 (0.42–2.34) .85 9.6 (2.4–16.9)

Income level

$$46,000 Ref 10.8 (9.7–12.0)

$35,000–$45,999 1.10 (0.92–1.33) .29 11.7 (10.4–13.2)

$30,000–$34,999 1.08 (0.88–1.33) .44 11.6 (10.0–13.2)

,$30,000 0.98 (0.77–1.25) .88 10.6 (8.8–12.5)

Facility type

Academic/Research center Ref 10.9 (10.0–11.9)

Community cancer program 1.15 (0.73–1.80) .56 12.3 (7.7–16.9)

Comprehensive community cancer program 1.18 (0.99–1.39) .06 12.6 (11.1–14.0)

Integrated network cancer program 0.86 (0.68–1.08) .20 9.5 (7.8–11.3)

Treatment era

2004–2006 Ref 7.0 (6.9–8.2)

2007–2009 1.29 (1.02–1.63) .04 8.9 (7.7–10.1)

2010–2012 1.88 (1.49–2.37) ,.001 12.4 (10.8–14.0)

2013–2015 2.71 (2.18–3.37) ,.001 16.9 (15.2–18.6)

Abbreviation: aOR, adjusted odds ratio.
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(P5.005) andhigher comorbidity score (P#.03 forCharlson-
Deyo comorbidity scores of 3 and 1 compared with
score of 0).

Discussion
In this study, the largest US cancer registry was used
to assess trends in management of potentially cur-
able pancreatic cancer. We observed significant dis-
parities in the receipt of timely adjuvant chemotherapy
among patients with resected stage I–III pancreatic
cancer over an 11-year period. Specifically, receipt
of any adjuvant chemotherapy was associated with
economic factors, such as insurance type and income,
whereas receipt of multiagent chemotherapy appeared
to be associated with demographic variables, includ-
ing sex and race. These associations persisted when
analyses were restricted to patients treated at academic
centers. Furthermore, given the positive interaction
term between black race and age/comorbidity status,
the disparity in treatment withmultiagent chemotherapy
was particularly relevant for the younger, healthier cohort,
whichmaybenefit themost fromaggressive chemotherapy.

Given the well-established increased survival asso-
ciated with receipt of adjuvant chemotherapy,2–5 our
findings have several important implications. First, in
contrast to prior studies that have shown development of
postoperative complications, readmission rates, age, and
comorbidity to be associated with receipt of adjuvant
chemotherapy,10–13 our study suggests that sociodemo-
graphic variables are also strongly predictive of whether
patients receive chemotherapy for resected pancreatic
cancer, independent of clinicopathologic characteristics.
Therefore, given that differences in quality of care may
contribute to disparities in cancer survival, our findings
suggest that outcomes for certain subgroups of patients
could be improved by increasing the proportion receiving
guideline-concordant adjuvant chemotherapy. In particu-
lar, black patients who were young and healthy were sig-
nificantly less likely than their nonblack counterparts to
receive multiagent chemotherapy, and the difference be-
tween these groups was 9.4%. We cannot be sure of the
drivers of this interaction; however, we hypothesize that it
could be due to overall lower rates of recommending ag-
gressive chemotherapy in older and less healthy patients,
such that disparities between racial groups were not ap-
parent among those subgroups. This finding suggests that
the subgroup of black patients who may be optimal che-
motherapy candidates with the highest potential for im-
proved outcomes could be missing the opportunity to
benefit from aggressive postoperative therapy. Nota-
bly, this racial disparity was only observed for receipt
of multiagent chemotherapy, which was not an NCCN
category 1 recommendation during our study interval.
Given the recent publication of the PRODIGE 24 study

findings, showing a significant disease-free and overall
survival benefit associated with adjuvant mFOLFIRINOX
versus gemcitabine alone,1 our results should prompt
further investigations regarding whether racial disparities
remain among patients currently undergoing treatment.

We were not surprised to observe that different
variables were associated with receipt of any versus
multiagent adjuvant chemotherapy. We hypothesize that
the ability to receive any cancer treatment, including
chemotherapy, for a specific diagnosis may be affected
by patients’ financial status, particularly in the era of
bundled payments. Therefore, economic factors such as
insurance type and income level were associated with
receipt of any adjuvant chemotherapy. In contrast, once
a patient is able to receive adjuvant chemotherapy, the
decision to treat with multiple versus single agents is less
likely to be influenced by cost issues and thus may be
more likely affected by patient or provider biases. Ac-
cordingly, receipt of multiagent chemotherapy appeared
to be associated with demographic variables, including
sex and race.

The persistent disparities in receipt of adjuvant
chemotherapy, including multiagent chemotherapy,
observed at academic cancer centers in this study are
concerning. Several major cancer organizations have
sought to reduce disparities in outcomes of high-risk
cancers by improving access to research-focused cancer
centers, among other initiatives.16–18 However, even
among academic medical centers, receipt of any ad-
juvant chemotherapy appeared to be determined in
part by income level and insurance type, despite the
general notion that academic facilities accept a greater
number of insurance plans, including government-
sponsored insurance, and have resources to provide
care for disadvantaged individuals. Similarly, black
patients at academic centers were less likely to receive
multiagent chemotherapy. We hypothesize several
reasons for this persistent disparity. It is possible that
cancer care systems, such as those of large academic
centers, are complex to navigate and that at-risk groups
experience greater difficulty in obtaining proper treat-
ment as a result. Alternatively, differences in treatment
received could be attributed to patient preferences or
physician bias. Our results suggest that mitigating
disparities in quality of care for pancreatic cancer will
require more than simply increasing access to treat-
ment at academic cancer centers; specifically, policies
and guidelines should be established to regularly track
receipt of guideline-concordant care by relevant soci-
odemographic characteristics. The availability of pa-
tient care navigators could also help mitigate disparities
in treatment by providing assistance to individuals at
greatest risk for not receiving care due to the increasing
complexity of the healthcare system.
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The analysis of factors associated with documented
refusal of chemotherapy merits further discussion. Prior
studies have also shown that women are less likely than
men to receive aggressive cancer treatments21; however,
this sex disparity has not previously been shown to be
related to refusal of treatment. Interestingly, despite
increasing evidence of a significant benefit from adjuvant
chemotherapy over the past 2 decades, more recent
treatment era was associated with higher odds of che-
motherapy refusal. This may reflect increased patient
involvement in treatment decision-making, which is
generally considered a progressive and positive feature of
the healthcare system; that said, such a trend could be
problematic if it facilitates poorer adherence with
established guidelines for cancer care, especially now
that such impressive survival results with more-intensive
adjuvant therapy have been shown. Notably, there was
no association of black race, income level, and insurance
type with refusal of chemotherapy, although these var-
iables were associated with lower odds of receiving any
chemotherapy or multiagent chemotherapy. This finding
is in contrast to prior studies that have shown higher
rates of refusal of definitive cancer treatment among
black patients.22–25 In addition to citing physician mistrust
and medical suspicion as personal factors that may be
driving the higher refusal rates,22 these studies suggest that
insurance type and access to care are also likely, if not
dominant, contributors.26,27 Given that race, insurance
type, and income were not found to be associated with
chemotherapy refusal in our cohort, these findings
should serve as an impetus for further research regarding
potential biases among providers or systems-level issues
that may be interfering with treatment among these
subgroups.

Our findings must be viewed within the limitations
of the NCDB. The cohort was limited to patients treated
at American College of Surgeons’ Commission on
Cancer–accredited cancer programs, and thus our results
may not reflect patterns of care at other cancer centers.
However, the NCDB is the largest US cancer registry,
capturing 70% of incident cancers, and it also includes
comprehensive treatment information, including details
regarding chemotherapy administration, and is therefore
one of the most robust databases for analyzing dispar-
ities in patterns of care. Second, multiagent chemo-
therapy was not included in NCCN Guidelines as a
category 1 recommendation until 2017; currently the

NCDB includes patients treated up to 2015. However,
changes in physician practice patterns often precede the
establishment of definitive guidelines, and the disparities
observed in our study suggesting that black patients
were less likely to receive more aggressive postopera-
tive chemotherapy are noteworthy because multiagent
chemotherapy was eventually shown to be associated
with improved survival. Future studies are needed to
assess patterns in receipt of multiagent chemother-
apy after publication of results from the ESPAC-4 and
PRODIGE 24 trials.1,3 Third, refusal of chemotherapy
was recorded only for patients who refused any che-
motherapy; therefore, we cannot determine whether
certain patients were more likely to refuse multiagent
chemotherapy (and choose single-agent chemother-
apy) and therefore assess whether this could have
contributed to their lower odds of receiving multiagent
chemotherapy. In addition, refusal was physician-
recorded in the NCDB without further elaboration on
the specifics; thus, it is possible that patients were in-
correctly categorized as refusing chemotherapy, and we
do not have further information on the reasons.

Conclusions
Our study shows sociodemographic disparities in the
receipt of adjuvant chemotherapy for pancreatic cancer.
Further research is needed to identify the processes
leading to the lower likelihood of certain patient sub-
groups receiving postoperative adjuvant chemotherapy,
including multiagent chemotherapy. Once these issues
are identified, interventions should be undertaken to
mitigate these disparities, with the goal of improving
treatment outcomes for all patients with pancreatic
cancer.
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eTable 1. Multivariable aORs of Receiving Chemotherapy at Academic Centers

Characteristic

Any Chemotherapy (N510,586) Multiagent Chemotherapy (N56,160)

aOR (95% CI) P Value % (95% CI) aOR (95% CI) P Value % (95% CI)

Age (per y) 0.95 (0.94–0.95) ,.001 N/A 0.97 (0.96–0.98) ,.001 N/A

Race

White Ref 61.3 (60.4–62.3) Ref 30.2 (28.3–32.1)

Black 1.03 (0.90–1.18) .64 61.8 (59.1–64.5) 0.76 (0.57–0.99) .046 24.8 (20.2–29.4)

Asian 1.20 (0.91–1.57) .19 64.4 (59.0–69.8) 1.19 (0.77–1.85) .43 34.0 (24.8–43.3)

Other 0.69 (0.46–1.06) .09 53.3 (44.1–62.6) 0.80 (0.35–1.83) .60 26.0 (10.8–41.2)

Sex

Male Ref 61.5 (60.2–62.7) Ref 32.1 (29.7–34.4)

Female 0.99 (0.91–1.08) .89 61.3 (60.0–62.5) 0.77 (0.65–0.91) .002 26.7 (24.4–29.2)

Charlson-Deyo comorbidity score

0 Ref 61.7 (60.7–62.8) Ref 30.9 (28.8–33.0)

1 0.99 (0.90–1.09) .89 61.6 (60.0–63.3) 0.84 (0.69–1.02) .08 27.4 (24.1–30.6)

2 0.90 (0.75–1.08) .24 59.1 (55.3–62.9) 0.79 (0.53–1.17) .24 26.3 (19.2–33.4)

3 0.63 (0.47–0.85) .003 51.8 (45.2–58.5) 0.65 (0.31–1.33) .23 22.7 (10.6–34.9)

Cancer stage

I Ref 47.6 (45.0–50.2) Ref 20.5 (14.8–26.3)

II 2.03 (1.80–2.30) ,.001 63.4 (62.4–64.3) 1.69 (1.17–2.44) .006 30.0 (28.3–31.8)

III 2.00 (1.52–2.62) ,.001 63.0 (57.8–68.1) 2.75 (1.42–5.35) .003 40.7 (27.8–53.7)

Readmission within 30 d of surgery

No Ref 62.3 (61.4–63.2) Ref 29.8 (28.0–31.5)

Yes 0.57 (0.49–0.67) ,.001 50.1 (46.9–53.3) 0.89 (0.63–1.26) .52 27.5 (21.0–34.0)

Insurance type

Private insurance/managed care Ref 63.8 (62.1–65.4) Ref 29.7 (27.0–32.4)

Uninsured 0.59 (0.46–0.75) ,.001 52.1 (46.7–57.4) 0.45 (0.25–0.81) .008 16.4 (8.7–24.1)

Medicaid 0.72 (0.59–0.88) .001 56.7 (52.3–61.0) 0.75 (0.52–1.07) .11 24.2 (17.9–30.4)

Medicare 0.88 (0.79–0.99) .03 61.0 (59.6–62.3) 1.08 (0.86–1.35) .51 31.2 (28.1–34.4)

Other government 1.20 (0.77–1.86) .43 67.4 (58.7–76.1) 1.03 (0.41–2.56) .95 30.2 (11.8–48.6)

Income level

$$46,000 Ref 67.0 (65.7–68.2) Ref 30.1 (27.8–32.5)

$35,000–$45,999 0.73 (0.66–0.80) ,.001 60.0 (58.2–61.7) 0.87 (0.70–1.07) .18 27.3 (24.0–30.6)

$30,000–$34,999 0.56 (0.50–0.63) ,.001 54.2 (52.0–56.4) 1.08 (0.83–1.40) .58 31.6 (26.8–36.5)

,$30,000 0.55 (0.48–0.62) ,.001 53.7 (51.1–56.3) 1.00 (0.75–1.33) .99 30.1 (24.8–35.3)

Treatment era

2004–2006 Ref 57.8 (56.0–59.6) N/A N/A

2007–2009 1.13 (1.01–1.27) .04 60.7 (59.0–62.4) N/A N/A

2011–2012 1.26 (1.12–1.42) ,.001 63.1 (61.4–64.9) Ref 29.0 (26.3–31.7)

2013–2015 1.32 (1.17–1.48) ,.001 63.8 (62.1–65.5) 1.05 (0.88–1.24) .60 30.0 (27.8–32.1)

Abbreviations: aOR, adjusted odds ratio; N/A, not applicable.
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