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Abstract

Background and Methods: Racial and socioeconomic disparities in receipt of
adjuvant chemotherapy affect patients with pancreatic cancer. However, differences
in receipt of neoadjuvant chemotherapy among patients undergoing resection are
not well-understood. A retrospective cross-sectional cohort of patients with
resected AJCC Stage I/l pancreatic ductal adenocarcinoma was identified from
the National Cancer Database (2014-2017). Outcomes included receipt of
neoadjuvant versus adjuvant chemotherapy, or receipt of either, defined as
multimodality therapy and were assessed by univariate and multivariate analysis.
Results: Of 19 588 patients, 5098 (26%) received neoadjuvant chemotherapy, 9624
(49.1%) received adjuvant chemotherapy only, and 4757 (24.3%) received no
chemotherapy. On multivariable analysis, Black patients had lower odds of
neoadjuvant chemotherapy compared to White patients (OR: 0.80, 95% CI:
0.67-0.97) but no differences in receipt of multimodality therapy (OR: 0.89, 95%
Cl: 0.77-1.03). Patients with Medicaid or no insurance, low educational attainment,
or low median income had significantly lower odds of receiving neoadjuvant
chemotherapy or multimodality therapy.

Conclusions: Racial and socioeconomic disparities persist in receipt of neoadjuvant
and multimodality therapy in patients with resected pancreatic adenocarcinoma.
Discussion: Policy and interventional implementations are needed to bridge the

continued socioeconomic and racial disparity gap in pancreatic cancer care.
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1 | INTRODUCTION

Despite improvements in surgical and multidisciplinary treatment, the
prognosis of pancreatic cancer remains poor. It is the fourth leading
cause of cancer-related mortality in the United States." Additionally,
significant racial disparities have been demonstrated in pancreatic
cancer incidence, receipt of treatment, and mortality. Black patients
suffer an approximately 1.4-fold higher incidence of pancreatic
cancer than patients of other races, and are diagnosed at a younger
age and with more advanced disease.”® Other patient factors
including advanced age, lower socioeconomic status, lack of health
insurance, and treatment at nonacademic, low-volume institutions
have been associated with decreased likelihood of receipt of stage-
specific treatment.®®

Currently, the standard of care for American Joint Commission
on Cancer (AJCC) Stage | and |l pancreatic cancer consists of the
combination of surgical resection and systemic chemotherapy,
otherwise referred to as multimodality therapy.” The use of
preoperative, or neoadjuvant, chemotherapy for borderline resect-
able pancreatic cancer has been well demonstrated, and interest in
the resectable setting has been growing. Theoretical advantages
include immediate treatment of occult micrometastatic disease,
improved patient selection, and better tolerance than chemotherapy
administered in the postoperative setting.’° *®> Many patients have
difficulty initiating or completing adjuvant chemotherapy due to
postoperative complications or treatment toxicity; therefore, pre-
operative use may allow for improved rates of treatment comple-
tion.***> Neoadjuvant chemotherapy use has steadily increased over
the past two decades, from less than 5% in 2004 to more than 25% of
patients undergoing pancreatectomy in 2016, and has recently been
demonstrated to be efficacious in the treatment of resectable
pancreatic cancer in a randomized, Phase Il clinical trial.*¢1”
However, studies have shown that its use is less prevalent in
uninsured or underinsured patients, patients of lower socioeconomic
status, and in patients treated at nonacademic facilities, thus raising
concerns regarding disparities in care delivery.®¢

The primary objective of this study was to evaluate differences in
the receipt of (1) neoadjuvant chemotherapy and (2) multimodality
therapy by race and health insurance status in patients with resected
Stage | and Il pancreatic cancer. The hypothesis was that racial/ethnic
minority and uninsured/underinsured status are associated with
failure to receive neoadjuvant chemotherapy and multimodality
therapy.

2 | MATERIALS AND METHODS
2.1 | Study population and variables

Patient data were obtained from the American College of Surgeons
and American Cancer Society-sponsored National Cancer Database
(NCDB), which collects hospital registry data from more than 1500
Commission on Cancer (CoC)-accredited facilities in the United

States, representing over 70% of new cancer diagnoses.® Data are
coded and reported per established protocols by CoC trained and
certified registrars.

Patients diagnosed with primary pancreatic cancer between 2014
and 2017 who underwent resection were included. Patients with a prior
cancer diagnosis, histology other than adenocarcinoma, missing analytic
stage, or analytic Stage IlI-IV as defined by the AJCC classification 7th
(for diagnoses from 2014 to 2016) and 8th edition (for diagnoses in 2017)
were excluded.”?° Histology codes were chosen for inclusion based on
expert and literature review (Supplement). The study was deemed
exempt by the Institutional Review Board. Results are reported according
to the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines.”*

Clinical and demographic variables were chosen a priori from the
available data points within the NCDB Participant User File. Demographic
variables included age, race, ethnicity, sex, primary payor, median
household income by ZIP code, percent not graduated from high school
by ZIP code, distance traveled for care defined by the variable Great
Circle Distance, geographic region of the treating facility, and rurality of
county of residence. Clinical variables included Charlson/Deyo comorbid-
ity score, facility type, primary tumor site (categorized as head, body, tail,
or overlapping and not otherwise specified), grade, and analytic AJCC
stage. Patients were subdivided by race/ethnicity cohorts as defined by
the pre-specified NCDB categories, namely Non-Hispanic White (NHW),
Non-Hispanic Black (NHB), Hispanic, and Other. The primary outcome of
interest was receipt of any neoadjuvant chemotherapy. Patients who
received both preoperative and postoperative systemic therapy were
considered to have received neoadjuvant chemotherapy. The secondary
outcome of interest was receipt of multimodality therapy, defined as any
systemic chemotherapy before or after resection. Receipt of radiation

therapy was not included.

2.2 | Statistical analysis

Descriptive statistics were used for categorical and continuous
variables. For continuous variables, the number of nonmissing
observations, median, and interquartile range is presented where
applicable. The continuous variable distance traveled for care (Great
Circle Distance) was recategorized by quartiles. Geographic region
data which are provided in the Participant User File based on the US
Census Bureau's nine divisions were recategorized into the US
Census Bureau's four regions.’” Missing data were treated as a
separate category with no method for imputation used. The
significance of cohort differences was assessed with x? test for
categorical variables and median test for continuous variables.
Logistic regression analyses were conducted to adjust for confound-
ing factors for both outcomes. Covariates included race/ethnicity, primary
payor, age, sex, median income by ZIP code, educational attainment
defined by high school graduation by ZIP code, rurality of residence,
distance traveled for care by quartile, geographic region, Charlson/Deyo
comorbidity score, facility type, analytic stage, primary site, and grade.
QOdds ratios (OR) and 95% confidence intervals (Cl) are presented as
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measures of strength of association and precision, respectively. All
statistical tests were two-sided. A pvalue <0.05 was considered
statistically significant. The analyses excluded the missing/not available
category if present for any of the covariates. A test for interaction was
conducted for the covariates race and insurance. A post hoc sensitivity
analysis utilizing the clinical stage variable in place of the analytic stage
was performed. Analyses were performed with SPSS statistical software
(IBM Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0).

3 | RESULTS
3.1 | Demographics

Of the 423 482 patients in the NCDB pancreas data set, 19 588 met
study inclusion criteria (Figure 1). Most patients were of NHW race
(n=15397, 78.6%). Other demographic data are shown in Table 1.

Racial cohorts differed in socioeconomic characteristics. On average,
NHW patients traveled further for care than NHB and Hispanic patients
(24.0% vs. 14.2% and 15.0%. respectively. in the fourth quartile of
distance traveled). Compared to NHW patients, more NHB patients were
uninsured (3.2% vs. 1.3%) or Medicaid-insured (11.3% vs. 4.1%). More
NHB patients resided in a region with lower median income (36.7% vs.
11.8% with median income <$40 227) and lower education level (34.3%
vs. 12.5% residing in a ZIP code in which 217.6% did not graduate from
high school). Similar trends were seen for Hispanic patients. Compared to
NHW patients, more NHB and Hispanic patients resided in a metro area
(78.6% vs. 88.5% and 93.0%, respectively). Additionally, compared to
NHW patients, more NHB and Hispanic patients resided in the South
(86.1% vs. 57.0% and 40.3%, respectively).

3.2 | Receipt of therapy

Among the entire cohort, 5098 patients (26.0%) received neoadju-
vant chemotherapy, 9624 patients (49.1%) received adjuvant
chemotherapy only, with a total of 14 722 patients (75.1%) having
received multimodality therapy of some type (Table 2). A total of
4757 patients (24.3%) received no systemic therapy. More NHW
patients compared to NHB patients received neoadjuvant chemo-
therapy (26.9% vs. 23.3%). In addition, compared to NHW patients,
more NHB and Hispanic patients received no systemic therapy
(23.8% vs. 25.1% and 26.4%, respectively).

3.3 | Logistic regression: receipt of neoadjuvant
chemotherapy

By multivariable logistic regression, compared to NHW patients, NHB
patients had lower odds of receiving neoadjuvant chemotherapy (OR:
0.80, 95% CI: 0.67-0.97) (Table 3). Other factors independently
associated with decreased odds of receipt of neoadjuvant

chemotherapy included lack of insurance (OR: 0.55, 95% Cl:
0.36-0.85), lower educational attainment (OR: 0.75, 95% ClI:
0.64-0.89 for ZIP code where 10.9%-17.5% did not graduate from
high school), and nonacademic facility type (OR: 0.73, 95% Cl:
0.63-0.82 for comprehensive community; Figure 2). Stage | disease
also had a higher odd of receipt of neoadjuvant chemotherapy
compared to Stage Il (OR: 2.87, 95% Cl: 2.49-3.31). An interaction
test between race and insurance in the receipt of neoadjuvant

chemotherapy did not show any statistically significant associations.

3.4 | Logistic regression: receipt of multimodality
therapy

Similar factors affected the receipt of multimodality therapy
compared to resection alone when controlling for other confounding
variables (Table 4). Lack of insurance (OR: 0.58, 95% Cl: 0.42-0.79)
and Medicaid insurance (OR: 0.54, 95% Cl: 0.44-0.65) were both
independently associated with decreased odds of receipt of multi-
modality therapy compared to those with private insurance
(Figure 3). Additional factors independently associated with a
decreased likelihood of multimodality therapy included lower
educational attainment (OR: 0.74, 95% Cl: 0.62-0.87), geographic
region (OR: 0.74, 95% CI: 0.65-0.83), distance traveled (OR: 0.71,
95% Cl: 0.62-0.81 for fourth quartile), and significant comorbidity
(OR: 0.71, 95% Cl: 0.62-0.81 for Charlson/Deyo comorbidity score

423482 Patients >18 years old with pancreas as
disease site obtained from the 2014-2017
National Cancer Database PUF

327177 Excluded

79698 Pancreas cancer not listed as
primary in sequence

76869 Not adenocarcinoma
20263 Analytic stage missing
150347 Analytic stage IlI-IV

96305 Received primary diagnosis of pancreas
malignancy, analytic stage 0-II

76717  Excluded
58927 Diagnosed before 2014

17790 Did not undergo resection of
primary site

19588 Patients included in analysis

FIGURE 1 Cohort selection
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TABLE 2 Percent receipt of therapy by racial/ethnic cohort

NHW NHB

N =15397 (78.6%) N=1911 (9.8%)
Neoadjuvant 4143 (26.9%) 445 (23.3%)
Adjuvant 7517 (48.8%) 973 (50.9%)
No systemic therapy 3663 (23.8%) 480 (25.1%)
Unknown 74 (0.5%) 13 (0.7%)

Abbreviations: NHW, non-Hispanic White; NHB, non-Hispanic Black.

of 3 or more). Race, however, was not statistically associated with a
difference in likelihood of receiving multimodality therapy. An
interaction test between race and insurance for the receipt of
multimodality therapy also did not show any statistically significant
associations.

3.5 | Sensitivity analysis

Using clinical stage to define the cohort, a set of 14916 patients
underwent repeat analyses as described above. The demographic
characteristics of this cohort are largely similar to the original cohort
(Supplement) with a few exceptions. The clinical stage cohort had a higher
proportion of NHB patients in the lowest income group compared to the
original cohort. In addition, a much higher proportion of patients overall
were designated Stage | (49.0% overall vs. 12.8%). Of the patients with a
clinical Stage |, only 18.9% (n = 1384) had a concurrent analytic stage of |,
whereas 88.8% (n = 6413) had an analytic stage of Il.

Similar to the original analysis, the largest proportion of patients
across all race/ethnicity groups received strictly adjuvant chemo-
therapy, although the proportions of patients who received some
neoadjuvant therapy are higher than in the original analysis (29.3%
compared to 26.2% overall).

On regression analysis, most factors did not change in degree or
significance of their odds ratios. Some notable differences were
found. NHB patients still have a lower likelihood of receiving
neoadjuvant therapy compared to NHW patients but this finding
loses significance (p = 0.16). Patients with worsening tumor grade still
had lower likelihood of receiving neoadjuvant therapy and this
finding became statistically significant. Finally, patients with clinical
Stage | were much less likely to receive neoadjuvant therapy (OR:
0.44, 95% Cl: 0.39-0.49). For the analysis of multimodality therapy,
patients with clinical Stage | were less likely to receive multimodality
therapy compared to resection alone (0.75, 95% Cl: 0.68-0.83).

4 | DISCUSSION

In this large, national cross-sectional study of patients with resected
AJCC Stage | and Il pancreatic cancer, NHB patients, uninsured
patients, and patients treated at nonacademic facility types had

307
WILEY

Hispanic Other/Unknown Overall

N =1096 (5.6%) N=1184 (6.0%) N=19588
224 (20.4%) 187 (22.2%) 5098 (26.0%)
568 (51.8%) 413 (49.0%) 9624 (49.1%)
289 (26.4%) 241 (28.6%) 4757 (24.3%)

15 (1.4%) 2 (0.2%) 109 (0.6%)

decreased odds of receiving neoadjuvant chemotherapy compared to
NHW patients, privately insured patients, and treatment at academic
facilities, respectively. Medicaid insurance and no insurance, geo-
graphic region, distance traveled, and lower educational attainment,
but not race, were independently associated with a decreased
likelihood of receiving multimodality therapy.

The growing addition of neoadjuvant chemotherapy to the
treatment paradigm of pancreatic cancer has raised new concerns
regarding sociodemographic disparities in treatment delivery. Previ-
ously demonstrated racial disparities for patients with resectable
pancreatic cancer include disparities in receipt of surgery, systemic
chemotherapy, and radiation, as well as multimodality ther-
apy;>©?°"27 however to our knowledge, this is the first study to
identify racial disparities in the receipt of neoadjuvant chemotherapy
in early stage resected pancreas cancer. A recently published study of
patients with Stage I/Il pancreatic cancer did not identify significant
racial differences in the use of neoadjuvant chemotherapy, although
in that study, patients were compared by receipt of any neoadjuvant
chemotherapy versus upfront resection rather than those receiving
adjuvant chemotherapy.'® The same study did find an insurance
disparity, which is consistent with this study's findings.'® In addition,
their study found the use of neoadjuvant chemotherapy was much
lower in the earlier years of their cohort, and steadily increased
through 2016, a finding that motivated our study to use a more
contemporary cohort, that is, 2014-2017.

While the importance of systemic chemotherapy is undisputed in
the treatment of pancreatic cancer, its timing as neoadjuvant versus
adjuvant chemotherapy in patients undergoing curative surgical
resection continues to be debated. Some studies have suggested that
neoadjuvant chemotherapy can improve patient selection for surgery,
and is better tolerated and equally effective compared to chemo-
therapy given in adjuvant setting.’°*? The recently completed Phase II
randomized SWOG S1505 study demonstrated the efficacy of
neoadjuvant chemotherapy in the resectable pancreatic cancer
population.’” Systematic reviews and meta-analyses have also shown
a survival benefit of neoadjuvant chemotherapy compared with
upfront surgery and adjuvant chemotherapy in patients with resect-
able or borderline resectable disease.’*>?® The most recent guidelines
of the National Comprehensive Cancer Network do recommend
neoadjuvant chemotherapy in all patients with borderline resectable
disease, and either upfront surgical resection or neoadjuvant
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TABLE 3

Factor
Race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Insurance
Private
Uninsured
Medicaid
Medicare
Other government
Age
Per year increase
Sex
Female
Male
Income
2$63 333
$50 354-$63 332
$40227-$50353
<$40 227

Percent did not graduate
from high school

<6.3%
6.3%-10.8%
10.9%-17.5%
217.6%
Geographic region
Northeast
Midwest
South
West
Rurality
Metro
Urban
Rural

Distance traveled for care by
quartile (range in miles)

1st (0-7)

Journal

of
SURGICAL ©ON

Odds
ratio (OR)

Ref

0.80
0.94
1.00

Ref

0.55
0.88
0.94
1.37

0.98

Ref
1.00

Ref

1.01
1.00
0.92

Ref

0.89
0.75
0.84

Ref

141
1.13
1.00

Ref

1.00
0.81

Ref

QOdds of receiving neoadjuvant chemotherapy versus
strictly adjuvant chemotherapy by multivariable regression

HAO ET AL
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TABLE 3 (Continued)
Odds 95% confidence
95% confidence Factor ratio (OR) interval (Cl) p value
interval (Cl) p value
2nd (7-17.2) 1.15 1.00-1.33 0.06
3rd (17.2-46.1) 1.31 1.13-1.52 <0.001
B B 4th (46.1-4814.3) 1.98 1.68-2.33 <0.001
0.67-0.97 0.02
Charlson/Deyo Score
0.75-1.19 0.61
0 Ref — —
0.78-1.29 0.99
1 1.03 0.92-1.15 0.65
2 1.08 0.88-1.32 0.47
a a 3 or more 0.98 0.74-1.28 0.85
0.36-0.85 <0.01
Facility type
0.70-1.10 0.26
Academic Ref - -
0.82-1.07 0.32
Community 0.91 0.70-1.17 0.44
0.94-2.00 0.10
Comprehensive 0.73 0.64-0.82 <0.001
community
0.97-0.99 <0.001 Integrated 0.78 0.67-0.91 <0.01
Grade
- - Well differentiated Ref — -
0.91-1.11 0.97 Moderately differentiated  0.90 0.76-1.06 0.20
Poorly differentiated 0.86 0.72-1.02 0.09
— — Undifferentiated/ 0.88 0.5-1.49 0.64
0.88-1.17 0.89 SIS
0.84-1.18 0.99 Stage
0.75-1.13 043 2 Ref N -
1 2.87 2.49-3.31 <0.001
Primary site
- - Head Ref — -
0.77-1.02 0.09 Body 0.44 0.34-0.56 <0.001
0.64-0.89 <0.01 Tail 0.93 0.74-1.18 0.57
0.68-1.02 0.08 Overlapping/NOS 0.99 0.83-1.17 0.89
1.22-1.64 <0.001 chemotherapy in those with resectable disease, with strong consider-
0.98-1.31 0.09 ation for neoadjuvant chemotherapy in high-risk patients.”
0.84-1.18 0.96 Despite these recommendations, however, neoadjuvant chemo-
therapy has not been established as standard of care to date and was
not standard of care during the time period of the study from 2014 to
B B 2017. As a result, significant variation in clinical practice patterns
0.85-1.18 0.99 exists, although its use has increased over time to nearly a quarter of
0.54-1.21 0.30 patients treated at CoC-accredited facilities.'® The recently opened

Alliance A021806 Phase Ill randomized trial of perioperative versus
adjuvant chemotherapy for resectable pancreatic cancer should
hopefully help settle this ongoing controversy.?’ Regardless of the
outcome, it will be important to follow patterns of treatment

including racial disparities, which are important to note and to
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Reference: Stage | —_———
Stage Il
Non-Hispanic Black= —e—i:
Reference: :
Non-Hispanic Hispanic= —e—i
White :
S~ Other~] ——
Uninsured] ——
Reference: Medicaid=] —e——
Private :
Medicare=] —o
Other Government=} D-—O—i
e —— $
Community -] r—o——i
Reference: . i :
Academic Comprehensive Community o
Integrated —e—i
6.3-10.8% No HSD- —e—i
Reference: ;
10.9-17.5% No HSD ——i
<6.3% No HSD % No :
>/=17.6% No HSD - —e—i
T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

Odds Ratio

FIGURE 2 Odds of receiving neoadjuvant chemotherapy versus strictly adjuvant chemotherapy by multivariable regression, selected

factors. HSD, high school degree

address not only in standard of care treatment but also in emerging
therapies, especially given the disproportionate burden of increased
risk factors and socioeconomic disadvantage affecting patients of
non-White race as well as potential physician bias.>° The findings of
decreased likelihood for neoadjuvant therapy on sensitivity analysis
for patients with clinical Stage | is consistent with ongoing preference
for upfront resection for patients with presumed resectable disease.

In contrast, the use of systemic chemotherapy for resected
PDAC is considered standard of care.” In this study, nearly 25% of
patients did not receive any systemic therapy, which is concern-
ing. After adjustment for covariates, racial disparities in receipt of
multimodality therapy were no longer observed, which is in
contrast to several other registry or population-based studies of
patients with resected PDAC.>® 2> A study of 223 465 patients
from the NCDB (2004-2015) found that Black patients had
marginally lower odds of receipt of any treatment (OR: 0.97,
p =0.04) although this included patients of all AJCC stages and
receipt of resection as a possible treatment.®* However, many of
the existing studies are based on historical data from over
10 years ago and may not reflect contemporary practice. The
present study was limited to the most recent era (2014-2017) to
best observe more modern practice. The absence of race as an
independent factor in this more contemporary timeframe may
potentially represent a narrowing of the racial disparity gap in
regard to multimodality therapy for pancreas cancer when
controlling for other confounding factors. In general, racial
disparities are narrowing across several cancer types, which
may be attributable to many factors such as improvements in
insurance coverage, institution-specific interventions targeted
towards addressing unconscious racial bias,>? and the multi-

faceted efforts of various small and large organizations on

improving research funding, advocacy, community awareness,
and facilitating patient services.

While race is not modifiable, other modifiable risk factors were
found to be independently associated with a decreased likelihood of
receipt of multimodality therapy including health insurance, educa-
tional attainment, and geographic region. States in the South region
of the United States have higher rates of poverty and lower rates of
literacy among other socioeconomic disadvantages.>*> Importantly,
the significance of socioeconomic disparities in the receipt of care in
early pancreatic cancer is highlighted in the findings of this study and
is consistent with prior studies.®

One critical modifiable factor is insurance coverage. It is well
established that uninsured patients have a decreased likelihood of
receiving multimodality therapy.*>?” Although increasing age and
comorbidity burden have been associated with lower odds of
receiving or completing adjuvant chemotherapy in the Medicare
population,**?” Medicare insurance itself was not independently
associated with decreased odds of receipt of multimodality therapy in
this study, consistent with findings in prior NCDB studies.>* For
Medicaid-insured and uninsured patients, healthcare reform aimed at
improving coverage may alleviate this disparity. A study comparing
over 6000 patients in Massachusetts to 41 000 patients in control
states with pancreatic cancer found improved rates of resection for
patients with government-subsidized insurance or self-pay status
after healthcare reform, although concurrent systemic chemotherapy
was not evaluated.>> Overcoming the insurance barriers to health-
care access may also be achieved with safety-net hospitals that see a
high burden of Medicaid and uninsured patients. In a study of nearly
33000 patients in the NCDB, no significant differences in receipt of
multimodal therapy were seen for patients with pancreatic cancer
between safety net and nonsafety net hospitals.>¢
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TABLE 4 Odds of Receiving multimodality therapy vs.versus TABLE 4 (Continued)
surgery alone by multivariable regression
Odds 95% confidence
Odds 95% confidence Factor ratio interval p value
Factor ratio interval p value
2nd (7-17.2) 1.11 0.99-1.25 0.09
Race
3rd (17.2-46.1) 0.97 0.86-1.10 0.65
Non-Hispanic White Ref — —
4th (46.1-4814.3) 0.71 0.62-0.81 <0.001
Non-Hispanic Black 0.89 0.77-1.03 0.11
Charlson/Deyo Score
Hispanic 0.94 0.78-1.12 0.49
0 Ref - -
Other 0.85 0.69-1.04 0.10
1 0.99 0.90-1.09 0.79
Insurance
2 0.87 0.74-1.03 0.10
Private Ref — —
3 or more 0.71 0.58-0.86 <0.01
Uninsured 0.58 0.42-0.79 <0.01
Facility type
Medicaid 0.54 0.44-0.65 <0.001
Academic Ref - -
Medicare 1.01 0.90-1.13 0.89
Community 1.02 0.82-1.28 0.86
Other Government 1.32 0.88-1.96 0.18
Comprehensive 0.91 0.82-1.01 0.07
Age community
Per year increase 0.94 0.93-0.95 <0.001 Integrated 0.98 0.86-1.12 0.81
Sex Grade
Female Ref = - Well differentiated Ref - -
Male 1.04 0.95-1.13 0.41 Moderately differentiated  0.93 0.85-1.02 0.11
Income Poorly differentiated 0.55 0.38-0.79 <0.01
> $63 333 Ref - — Undifferentiated/ 0.96 0.83-1.11 0.54
$50354 to $63 332 0.89 0.79-1.01 0.07 Anaplastic
$40227 to $50353 0.92 0.80-1.06 0.23 Stage
<$40227 0.87 0.74-1.03 0.10 2 Ref - -
Percent did not graduate 1 35.55 18.67-67.70 <0.001
from high school Primary site
<6.3% Ref - - Head Ref - -
6.3%-10.8% 0.87 0.77-0.99 0.03 Body 0.87 0.75-1.01 0.06
10.9%-17.5% 0.71 0.62-0.82 <0.001 Tail 0.85 0.74-0.97 0.02
217.6% 0.74 0.62-0.87 <0.001 Overlapping/NOS 0.92 0.78-1.08 0.29
Geographic region Abbreviation: NOS, not otherwise specified.
Northeast Ref - -
Midwest 1.08 0.94-1.24 027 Other studies have shown that higher socioeconomic status and
South 0.74 0.65-0.83 <0.001 treatment at academic facilities are associated with improved
West 0.85 0.74-0.99 0.03 survival.>®” Even within a single payer system such as in Canada,
Rurality markers of socioeconomic disadvantage including rurality and median
income are associated with treatment disparities.>® While more
Metro Ref — - . . . .
granular data on specific socioeconomic factors—especially those not
Urban 121 1.05-1.39 <0.01 captured in the NCDB—are necessary to design targeted interven-
Rural 1.19 0.86-1.65 0.30 tions, some efforts have shown success. One recent study from a
Bl teveled e aaraly large hospital system suggested that the implementation of a
quartile (range in miles) pancreatic cancer multidisciplinary clinic can standardize treatment
1st (0-7) Ref _ _ decisions and thus eliminate socioeconomic-based disparities in

|39

overall outcomes and survival.”” A multifaceted approach involving

nurse navigation, real-time warnings on missed care, and regular
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Uninsured= ——
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Reference: South= e
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FIGURE 3 Odds of receiving multimodality therapy versus surgery alone by multivariable regression, selected factors. HSD, high school

degree

race-specific feedback eliminated treatment disparities at one
institution for patients with lung cancer.®? The efficacy of similar
multipronged approaches for pancreas cancer treatment needs
investigation. Patients of minority race are often doubly impacted
by socioeconomic disadvantage;*° however, according to several
studies, when treated within a safety-net, equal access integrated
hospital system, disparities in treatment or survival were not
observed.®*#%*! Fortunately, postoperative outcomes also appear
similar by race; a recently published NSQIP study found similar
30-day outcomes in NHB and NHW patients following resection for
pancreatic cancer.*> While these results are promising, the ongoing
disparities identified in this study suggest that more efforts are
needed to ensure equivalent care delivery to all patients.

This study has several limitations. First, this is a retrospective
cohort study and is limited by the quality of data abstraction by
NCDB registrars as well as the availability of variables collected. For
example, other socioeconomic factors beyond the variables included
in the study are not provided. Second, it is comprised of data from
Commission-on-Cancer-accredited facilities only, and therefore may
not be generalizable to other patient populations. Third, the
association of the findings with dual eligibility insurance status could
not be elicited through this model, thus potentially over- or
underestimating the health insurance status as a covariate in
assessing treatment disparities. Fourth, it is not possible to identify
patients who were treated with neoadjuvant chemotherapy but did
not ultimately undergo surgical resection due to disease progression
or decline in performance status. Similarly, it is not possible to
identify patients who are truly borderline resectable by anatomic
definitions with the variables available in the NCDB. Therefore, this
remains a confounder that cannot be accounted for to determine a

more true association between receipt of resection by resectability

and race. Additionally, a sizable proportion of patients was excluded
from the study due to the missing stage. The direction and degree of
bias resulting from missing data is not fully known; evidence suggests
that survival outcomes are overestimated and that minority patients
are underrepresented.”® This limitation cannot be easily overcome
with data imputation, which would also introduce error. Finally,
although preference for one treatment modality for another should
be informed by the ultimate outcome of survival benefit, survival
analyses using cancer registry data such as the NCDB must be
viewed cautiously due to the lack of detailed information on clinically
relevant factors including types and doses of chemotherapy received.
Studies comparing survival outcomes between randomized controlled
trials and equivalent cohorts obtained from the NCDB found
substantial discordance in hazard ratios as well as statistical
significance of findings.***> Although one might hope to use real-
world evidence from the NCDB to confirm effectiveness of an
efficacious treatment from a controlled trial, some studies of
nonefficacious treatments have actually demonstrated effectiveness
using databases,** therefore calling into question the validity of using
databases for survival analysis.

5 | CONCLUSIONS

While neoadjuvant chemotherapy is emerging as a more frequently
used treatment approach in pancreatic cancer, it has not been
administered in equal frequency to all patients. NHB patients as well
as uninsured patients have lower odds of receiving neoadjuvant
chemotherapy. Perhaps more importantly, however, although race
was not associated with differences in the receipt of multimodality

therapy for resected pancreas cancer, socioeconomically
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disadvantaged patients, including those with lesser insurance, had a

significantly lower likelihood of receiving what is considered

standard of care. Fortunately, although race is not modifiable, these

socioeconomic risk factors potentially are and emphasizes the need

for policy and interventional implementations that address these

factors to bridge the continued disparity gap in pancreatic cancer

care—racial or otherwise.
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