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Background: Utilization of multimodality therapy for clinical stage I-II pancreatic ductal adenocarcinoma
is associated with meaningful prolongation of survival. Although the qualitative existence of disparities in
treatment utilization by socioeconomic status and race/ethnicity is well documented, the absolute mag-
nitudes of these disparities have not been previously quantified.
Methods: The exposures in this retrospective cohort study of the 2010-2015 National Cancer Database
were a 7-value area-level socioeconomic status index and race/ethnicity. Main outcomes were surgery,
chemotherapy, and multimodality therapy (surgery and chemotherapy). Adjusted rate differences were
calculated after logistic regression. Models excluded intermediate variables. Overall survival was evaluated
in unadjusted and adjusted analyses.
Results: Of 43,760 patients, 63.4% underwent surgery. Of 39,808 patients without chemotherapy con-
traindications, refusal, or missing data, 75.1% received chemotherapy and 51.4% received multimodality
therapy. Adjusted rate differences for utilization of surgery, chemotherapy, and multimodality therapy in
the lowest socioeconomic status patients were -10.0 (95% confidence interval [CI] -12.4 to -7.5), -12.7
(95% CI -16.3 to -9.1), and -15.4 (95% CI -18.8 to -12.0), respectively, versus the highest socioeconomic
status patients. Adjusted rate differences for multimodality therapy utilization in non-Hispanic Black and
Hispanic patients were -10.1 (95% CI -13.6 to -6.7) and -11.8 (95% CI -14.3 to -9.2), respectively, ver-
sus non-Hispanic White patients. Median overall survival increased in a graded fashion from 14.1 (95% CI
13.4-14.8) months in the lowest socioeconomic status patients to 20.2 months (95% CI 19.6-20.8) in the
highest socioeconomic status patients. Survival differences were attenuated but not eliminated in multi-
variable Cox models.
Conclusion: Socioeconomic status and race/ethnicity are more powerful determinants of whether patients
receive treatment for clinical stage I-II pancreatic ductal adenocarcinoma than previously appreciated.
Nationwide quality improvement efforts aimed at addressing these inequities are warranted.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Five-year survival rates for resectable pancreatic ductal adeno-
carcinoma (PDAC) exceeding 25% are achievable with surgery and
chemotherapy (ie, multimodality therapy [MMT]).!~3 Patients with
potentially resectable or borderline resectable (BR) tumors deemed
amenable to resection represent a subgroup of PDAC patients
with a realistic opportunity for long-term survival. Chemotherapy
is indicated regardless of stage in PDAC, and the addition of
chemotherapy to surgery increases 5-year survival to 20%-30%
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from approximately 10% with surgery alone.*-” Despite this, rates
of surgery and chemotherapy remain surprisingly low in the
United States®-'® and Europe.'®

Accurate quantification of disparities in the utilization of appro-
priate health care interventions is a major goal of disparities re-
search. The qualitative existence of disparities in the utilization of
surgery and chemotherapy for PDAC by race/ethnicity and by com-
ponents of socioeconomic status (SES) is well documented.3-10-19
Nevertheless, the magnitudes of these disparities have not been ac-
curately quantified because of three common methodologic pitfalls
in previous studies. First, area income and education variables have
been simultaneously included in multivariable models as proxies
for SES.3'3 Because income and education are strongly correlated,
this practice causes each variable to “adjust away” much of the
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2004-2015 National Cancer D

(N = 340,780)

Pancreas Cancer Participant User File

Exclusions
Diagnosed before 2010 (N = 147 ,445)
Age > 80 (N = 34,416)
Non-adenocarcinoma histology (N = 31,105)
Non-invasive behavior (N = 138)
Clinical stage 0 (N = 188)
Clinical stage Ill (N = 14,696)
Clinical stage IV (N = 59,731)
Clinical stage unknown (N = 4,415)
Died before planned surgery (N = 201)
Unknown if surgery performed (N = 1,082)
Surgery contraindicated (N = 2,748)
Surgery recommended but patient refused (N = 618)
Missing area-level median income and/or education level (N = 237)

Analysis of Utilization of Surgery
(N = 43,760)

Exclusions
Diagnosed in 2015 (N = 8,329)
Survival data missing (N = 174)

Exclusions
Chemotherapy contraindicated (N = 901)
Died before planned chemotherapy (N = 486)
Chemotherapy recommended but patient refused (N = 1,526)
Unknown chemotherapy status (N = 1,039)

Survival Analysis
(N = 35,257)

Analyses of Utilization of Chemotherapy and Multimodality Therapy
(N = 39,808)

Fig. 1. Flowchart of exclusions and analytic cohorts.

effect of the other, making effect sizes uninterpretable.2’ Second,
most studies report only odds ratios (ORs) despite recommenda-
tions to also report adjusted absolute rate differences (ARDs).?!?2
This can confuse readers about the absolute magnitude of dispar-
ities because of the dimensionless nature of the OR and its diver-
gence from the risk ratio with common outcomes.?!*3:24 Finally,
intermediates, or postexposure variables lying along the causal
pathway between exposure and outcome, are frequently adjusted
for in multivariable models.>> This usually causes “overadjustment
bias” toward the null.?>-27 Overadjustment bias is especially con-
sequential in disparities research because it causes estimates of
disparities to appear spuriously small, diverting attention from
actual disparities.?® An accurate assessment of the magnitude of
disparities used in guideline-recommended treatment for clinical
stage I-Il PDAC by SES and race/ethnicity is therefore needed.

Our objective was to address this knowledge gap using the
2010-2015 National Cancer Database (NCDB). Area income and
education variables were combined to form a novel SES index.
Estimates of effect size are presented as adjusted rates, ARDs, and
adjusted risk ratios to permit easy interpretation of the magnitude
of disparities. Finally, we considered whether candidate covariates
could plausibly be intermediate variables that lay along the causal
pathway between the exposures of interest (SES and race/ethnicity)
and treatment utilization rather than before the exposures of inter-
est. Our overall hypothesis was that accounting for these common
methodologic issues would reveal larger disparities based on SES
and race/ethnicity in the utilization of guideline-recommended
treatments than previously appreciated.

Methods
Data source and exclusion criteria

This study used the 2015 participant user file (PUF) of the
NCDB, a nationwide hospital-level database that captures 70% of
cancers in the United States.??3° The NCDB was used instead of
the Surveillance, Epidemiology, and End Results (SEER) registry be-
cause it contains accurate chemotherapy data, granular area-level
SES variables, and more patients.>!

The study population comprised patients 19-80 years of age
who had clinical stage I-1l PDAC, with no treatment contraindica-
tions or refusal. Exclusions are presented in the Fig. 1. The clin-
ical stage was recoded by pathologic stage for resected patients
with undocumented clinical stage.'> Patients with missing income
or education levels were excluded because those variables formed
the SES index. Survival analyses excluded patients diagnosed in
2015, whose survival data are unavailable. Missing indicators were
used for chemotherapy status in survival analyses for those with
contraindications, refusal, etc.

SES index

A SES index was created from area income and education vari-
ables, which are quartiles of continuous variables from the 2012
American Communities Survey defined at the ZIP Code Tabulation
Area (ZCTA)-level.3233 The United Stats has 33,120 ZCTAs vs 3,220
counties.>* SES-related variables in the standard SEER database
are defined at the county level.?! Values of “4” for these variables
indicate ZCTAs with the highest incomes and graduation rates.
The correlation between these variables was tested by calculating
Spearman p. The SES index was calculated as (income + education)
- 1 (Table 1). The index had 7 values; 7 indicated the highest SES.

Outcome measures

The three main outcomes were utilization of surgery,
chemotherapy (neoadjuvant and/or adjuvant for resected pa-
tients), and MMT (surgery and chemotherapy). Overall survival
(0S), the secondary outcome, was measured starting at diagnosis.
Survival time was right censored at 5 years.

Covariate selection and intermediate variables

Covariates available at the time of treatment decisions were
considered for inclusion in multivariable models.2> Commission
of Cancer (CoC) hospital type was not adjusted for because that
would have required excluding 4,672 of 27,762 resected patients
(16.8%) who had surgery at a nonreporting hospital. Because more
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Table 1
Cross tabulation of area-level income and education variables, demonstrating how the socioeconomic status index was calculated".
Median ZCTA-level High School Non-Completion Rate
. >21% 13%-20.9% 7%-12.9% <7%
MEd'a::czocn:/:"eve' (n = 7,340) (n = 11,466) (n = 14,300) (n = 10,654)
(1 point) (2 points) (3 points) (4 points)
?nsfg'ggg) n=4,246 n=2,739 n =580 n=122
(1;_)oi'nt) (1+1)-1=1 (1+2)-1=2 (1+3)-1=3 (1+4)-1=4
(szf'ggos‘igr’%g n=1,953 n = 4,547 n = 3,400
(Z;Om’ts) (2+1)-1=2 (2+2)-1=3 (2+3)-1=4
f:f,cl)gos-ig)z,geg n =983 n=3,190
(3poin,ts) (3+1)-1=3 (3+2)-1=4
> $63,000
! n=158
(n=14,121) _
(4 points) ==

* Cells with the same color of shading indicate cells with the same socioeconomic status index values.

of these patients were non-Hispanic white (NHW) (85.2% vs 80.3%),
their exclusion could have introduced bias. Aside from variables
handled as intermediates, covariate selection was nonparsimo-
nious.

In models where the SES index was the exposure, insur-
ance status and evaluation at multiple CoC-accredited hospitals
(“PUF_MULT_SOURCE”) were conceptually suspicious for being
intermediates. Patients with higher SES might have access to
better insurance and the opportunity to be evaluated at multiple
CoC-accredited hospitals, which could both be associated with
treatment utilization. These two variables were handled as inter-
mediates after the validity of these assumptions was confirmed
(Supplemental Methods and Supplemental Tables 1-3).

Non-Hispanic black (NHB) patients and some other minorities
are more likely to live in low-SES areas because of the US history
of segregationist housing policies.3>36 After confirmation of this
relationship in these data, SES was additionally handled as an
intermediate in models where race/ethnicity was the exposure
(Supplemental Methods and Supplemental Tables 1 and 4).

Statistical analysis

Univariate associations among covariates and binary outcomes
were assessed with x?2 tests. Missing data were coded with a
missing indicator. Adjusted associations among covariates and bi-
nary outcomes were assessed with logistic regression models that
accounted for clustering at the census division level. Average
marginal effect estimation was used to obtain adjusted risk ratios,
adjusted rates, and ARDs.>’~40 Only race/ethnicity and SES index
were reported for MMT because it was a composite.

Treatment utilization by race/ethnicity and SES index was eval-
uated by adding an interaction term between race/ethnicity and
SES index and calculating adjusted rates.>’#! These results for
Asian and other or unknown race/ethnicity patients were not
reported because these groups were small. P values for inter-
actions among NHB and Hispanic race/ethnicity and SES index
were evaluated to assess whether the overall associations between
race/ethnicity and treatment utilization varied across the SES gra-
dient.

Unadjusted OS was examined by calculating median unadjusted
0S and fitting unadjusted Cox proportional hazards models that
clustered on census division. Multivariable Cox models control-
ling for confounders were fitted. For the analysis of OS by SES

index, a final model that additionally controlled for utilization of
surgery and chemotherapy was fitted. OS was not examined by
race/ethnicity, given our focus on treatment utilization, because
differences in tumor biology between race/ethnicity groups could
contribute to survival differences.*?

Sensitivity analyses

Sensitivity analyses were performed to wunderstand how
methodologic decisions affected the main results. First, income
and education were handled as the exposures in models that
included these components rather than the SES index to deter-
mine whether the index revealed larger disparities than would
have been appreciated if each of its component were instead the
exposure. Second, income and education were simultaneously
included in models rather than the SES index to demonstrate
how strong correlations between variables that measure two
aspects of the same entity can obscure actual associations. Finally,
models were repeated with the SES index as the exposure and
intermediate variables included to determine the extent to which
this widespread practice biased results toward the null.2®

Results

Table 1 presents how the SES index was calculated. ZCTA-
level income and education levels were strongly correlated (Spear-
man p=0.68; P < .001). Patient characteristics by SES index are
presented in Supplemental Table 1. Rates of NHB and Hispanic
race/ethnicity increased in a graded fashion from 4.6% and 2.3%, re-
spectively, in the highest SES areas to 30.1% and 11.1%, respectively,
in the lowest SES areas. Rates of having a comorbidity decreased
from 39.7% to 30.7% with increasing SES. For patients younger than
65 years of age, private insurance rates increased from 47.6% to
80.7% with increasing SES.

SES and surgery

Of 43,760 patients with clinical stage I-Il PDAC, a total of 27,762
(63.4%) underwent surgery (Table 2). Adjusted surgery rates signif-
icantly increased in a graded fashion from 58.3% (95% confidence
interval [CI] 55.3%-61.2%) in the lowest SES areas to 68.2% (95% CI
66.3%-70.2%) in the highest SES areas.
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Table 2
Univariate and multivariable associations of covariates with utilization of surgery.

Univariate analysis, number (%)

Multivariable analysis

Surgery utilized Surgery omitted

Adjusted rate of Adjusted rate Adjusted RR for omission

(n=27,762) (n=15,998) surgery, % (95% CI) difference, % (95% CI) of surgery (95% CI)’

SES index P < .001

1 (Lowest) 2,406 (8.7) 1,840 (11.5) 58.3 (55.3-61.2) -10.0 (-12.4 to -7.5) 1.31 (1.23-1.40)

2 2,815 (10.1) 1,877 (11.7) 60.7 (57.7-63.7) -7.5 (9.7 to -5.3) 1.24 (1.17-1.31)

3 3,753 (13.5) 2,357 (14.7) 61.6 (58.9-64.2) -6.7 (-7.8 to -5.6) 1.21 (1.18-1.24)

4 4,284 (15.4) 2,586 (16.2) 62.2 (59.6-64.8) -6.0 (-7.4 to -4.7) 119 (1.15-1.23)

5 4,488 (16.2) 2,540 (15.9) 63.4 (61.7-65.2) -4.8 (-6.2 to -3.4) 1.15 (1.10-1.20)

6 4,339 (15.6) 2,224 (13.9) 65.9 (63.6-68.2) -2.3 (-41 to -0.5) 1.07 (1.02-1.13)

7 (Highest) 5,677 (20.5) 2,574 (16.1) 68.2 (66.3-70.2) 0 [Reference] 1 [Reference]
Race/ethnicity P < .001

NHW 22,521 (81.1) 12,208 (76.3) 64.7 (62.5-66.8) 0 [Reference] 1 [Reference]

NHB 2,824 (10.2) 2,199 (13.8) 57.2 (55.4-59.1) -74 (-8.9 to -5.9) 1.21 (1.16-1.26)

Hispanic 1,287 (4.6) 884 (5.5) 60.5 (56.7-64.4) -4.1 (-7.0 to -1.3) 112 (1.04-1.20)

Asian 722 (2.6) 399 (2.5) 63.9 (61.6-66.1) -0.8 (-2.4 to 0.8) 1.02 (0.98-1.07)

Other/unknown 408 (1.5) 308 (1.9) 57.0 (52.4-61.6) -7.7 (-11.5 to -3.9) 1.22 (1.12-1.33)
Age, years P < .001

19-49 1,669 (6.0) 690 (4.3) 71.9 (69.3-74.4) 0 [Reference] 1 [Reference]

50-59 5,688 (20.5) 2,865 (17.9) 67.3 (65.1-69.6) -4.5 (-6.0 to -3.1) 116 (1.10-1.22)

60-69 10,534 (37.9) 5,451 (34.1) 65.9 (63.9-67.9) -6.0 (-7.3 to -4.6) 1.21 (1.15-1.28)

> 70 9,871 (35.6) 6,992 (43.7) 57.9 (55.6-60.2) -14.0 (-16.1 to -11.8) 1.50 (1.39-1.61)
Sex P=18

Male 14,337 (51.6) 8,155 (51.0) 63.3 (61.1-65.6) 0 [Reference] 1 [Reference]

Female 13,425 (48.4) 7,843 (49.0) 63.6 (61.5-65.6) 0.2 (-0.6 to 1.1) 0.99 (0.9-1.02)
Charlson-Deyo P < .001

0 18,002 (64.8) 10,393 (65.0) 63.0 (60.8-65.3) 0 [Reference] 1 [Reference]

1 7,534 (27.1) 4,106 (25.7) 65.3 (63.2-67.4) 2.3 (1.0-3.6) 0.94 (0.91-0.97)

2 1,610 (5.8) 1,026 (6.4) 62.3 (59.1-65.6) -0.7 (-3.3 to 1.9) 1.02 (0.95-1.09)

>3 616 (2.2) 473 (3.0) 57.5 (53.1-62.0) -5.5 (-10.5 to -0.5) 115 (1.02-1.30)
Cancer history P=.003

No 22,293 (80.3) 13,032 (81.5) 63.1 (61.0-65.2) 0 [Reference] 1 [Reference]

Yes 5,469 (19.7) 2,966 (18.5) 65.0 (62.7-67.2) 1.9 (0.7-3.0) 0.95 (0.92-0.98)
Tumor location P < .001

Head 20,224 (72.9) 11,306 (70.7) 64.3 (62.0-66.5) 0 [Reference] 1 [Reference]

Body 1,947 (7.0) 1,712 (10.7) 52.8 (49.8-55.8) -11.5 (-13.5 to 09.4) 1.32 (1.26-1.38)

Tail 2,822 (10.2) 714 (4.5) 79.3 (77.2-81.4) 15.0 (12.9-17.2) 0.58 (0.53-0.63)

Other/NOS 2,769 (10.0) 2,266 (14.2) 55.1 (53.1-57.0) -9.2 (-11.0 to -7.4) 1.26 (1.20 to 1.32)
Clinical stage P < .001

1 10,170 (36.6) 4,657 (29.1) 68.7 (65.5-71.8) 0 [Reference] 1 [Reference]

1l 17,592 (63.4) 11,341 (70.9) 60.8 (58.8-62.7) -79 (-104 to -54) 1.25 (1.15-1.36)
Urban/rural status P < .001

Metropolitan 22,535 (81.2) 12,807 (80.1) 63.5 (61.3-65.7) 0 [Reference] 1 [Reference]

Urban 4,053 (14.6) 2,551 (16.0) 62.7 (60.4-65.0) -0.8 (-2.9 to 1.4) 1.02 (0.96-1.08)

Rural 487 (1.8) 322 (2.0) 61.7 (56.7-66.7) -1.8 (-6.4 to 2.9) 1.05 (0.93-1.18)

Unknown 687 (2.5) 318 (2.0) 67.5 (64.2-70.8) 4.0 (1.0-7.0) 0.89 (0.81-0.98)
Year of diagnosis P < .001

2010 4,088 (14.7) 2,137 (13.4) 65.8 (63.2-68.5) 0 [Reference] 1 [Reference]

2011 4,219 (15.2) 2,366 (14.8) 64.0 (61.3-66.8) -1.8 (-3.6 to 0.05) 1.05 (0.99-1.11)

2012 4,551 (16.4) 2,624 (16.4) 63.4 (60.9-65.9) -24 (-3.8 to -1.1) 1.07 (1.03-1.11)

2013 4,697 (16.9) 2,745 (17.2) 63.1 (60.6-65.5) -2.8 (-4.7 to -0.8) 1.08 (1.02-1.14)

2014 5,018 (18.1) 2,986 (18.7) 62.6 (60.1-65.1) -3.2 (-5.3 to -1.1) 1.09 (1.03-1.16)

2015 5,189 (18.7) 3,140 (19.6) 62.4 (60.8-63.9) -3.5 (-5.7 to -1.2) 1.10 (1.03-1.18)
Insurance status® P < .001

Private 10,563 (38.1) 4,766 (29.8) - - -

Medicare 14,251 (51.3) 9,068 (56.7) - - —

Medicaid 1,464 (5.3) 1,068 (6.7) - — —

Other government program 389 (1.4) 323 (2.0) — — —

Uninsured 405 (1.5) 506 (3.2) - — —

Unknown 690 (2.5) 267 (1.7) — — —
Evaluated at > 1 CoC hospital* P < .001

No 18,712 (67.4) 12,707 (79.4) — — —

Yes 9,050 (32.6) 3,291 (20.6) - - —

* Column percentages may not sum to 100% because of rounding.

 Bold values for adjusted risk differences and adjusted risk ratios from the multivariable model indicate significance at a P value of < .05.
¥ Insurance status and evaluation at > 1 CoC hospital were not included in this multivariable model because they were intermediate variables.

RR, risk ratio; NOS, not otherwise specified.

SES and chemotherapy

Among 39,808 patients in the chemotherapy utilization analy-
sis, a total of 29,896 (75.1%) received chemotherapy (Table 3). Ad-
justed chemotherapy rates significantly increased in a graded fash-
ion from 68.3% (95% ClI 63.4%-73.1%) in the lowest SES areas to
80.0% (95% CI 76.4%-83.6%) in the highest SES areas.

SES and multimodality therapy

Among 39,808 patients in the MMT utilization analysis, a total
of 20,463 (51.4%) received MMT (Table 4). Adjusted MMT rates sig-
nificantly increased in a graded fashion from 42.6% (95% CI 38.3%-
46.9%) in the lowest SES areas to 58.0% (95% CI 55.2%-60.9%) in the
highest SES areas.
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Univariate analysis, number (%)

Multivariable analysis

Chemotherapy utilized

Chemotherapy

Adjusted rate of

Adjusted risk

Adjusted RR for omission

(n=29,896) omitted (n=9,912) chemotherapy, % (95% Cl)  difference, % (95% CI)' of chemotherapy (95% CI)"

SES index P < .001

1 (Lowest) 2,575 (8.6) 1,214 (12.3) 68.3 (63.4-73.1) -11.8 (-15.4 to -8.2) 1.59 (1.39-1.82)

2 2,907 (9.7) 1,309 (13.2) 69.0 (63.6-74.4) -11.0 (-14.1 to -8.0) 1.55 (141-1.71)

3 4,000 (13.4) 1,497 (15.1) 72.7 (69.9-75.6) -7.3 (9.2 to -5.4) 1.37 (1.23-1.52)

4 4,718 (15.8) 1,492 (15.1) 75.7 (72.9-78.5) -4.3 (-6.7 to -1.9) 1.22 (1.08-1.37)

5 4,947 (16.6) 1,486 (15.0) 76.7 (74.1-79.3) -34 (-5.4 to -14) 1.17 (1.05-1.30)

6 4,655 (15.6) 1,377 (13.9) 772 (74.3-80.2) -2.8 (-4.8 to -0.8) 1.14 (1.03-1.26)

7 (Highest) 6,094 (20.4) 1,537 (15.5) 80.0 (76.4-83.6) 0 [Reference] 1 [Reference]
Race/ethnicity P < .001

NHW 24,145 (80.8) 7,548 (76.2) 75.9 (72.7-79.2) 0 [Reference] 1 [Reference]

NHB 3,296 (11.0) 1,202 (12.1) 74.8 (71.0-78.7) -11 (-3.7 to 1.5) 1.05 (0.94-1.16)

Hispanic 1,307 (4.4) 662 (6.7) 67.8 (62.7-72.9) -8.2 (-11.6 to -4.7) 1.39 (1.20-1.49)

Asian 750 (2.5) 279 (2.8) 721 (69.5-74.6) -3.9 (-5.8 to -1.9) 1.16 (1.07-1.26)

Other/unknown 398 (1.3) 221 (2.2) 63.6 (58.8-68.4) -12.3 (-16.2 to -8.4) 1.51 (1.34-1.71)
Age, years P < .001

19-49 1,839 (6.2) 383 (3.9) 83.5 (80.5-86.4) 0 [Reference] 1 [Reference]

50-59 6,521 (21.8) 1,510 (15.2) 81.5 (78.3-84.6) -2.0 (-4.7 to 0.7) 112 (0.96-1.31)

60-69 11,448 (38.3) 3,327 (33.6) 773 (73.9-80.7) -6.1 (-8.6 to -3.7) 1.37 (1.21-1.56)

> 70 10,088 (33.7) 4,692 (47.3) 68.1 (64.8-71.4) -15.4 (-17.8 to -13.0) 1.93 (1.70-2.19)
Sex P=.33

Male 15,350 (51.3) 5,145 (51.9) 74.5 (71.1-77.9) 0 [Reference] 1 [Reference]

Female 14,546 (48.7) 4,767 (48.1) 75.8 (72.8-78.7) 1.3 (0.6-1.9) 0.95 (0.93-0.97)
Charlson-Deyo P < .001

0 19,710 (65.9) 6,327 (63.8) 75.2 (72.0-78.5) 0 [Reference] 1 [Reference]

1 7931 (26.5) 2,612 (26.4) 76.0 (72.7-79.4) 0.8 (-0.2 to 1.8) 0.97 (0.93-1.01)

2 1,654 (5.5) 669 (6.8) 72.5 (69.2-75.9) -2.7 (-4.2 to -1.1) 1.11 (1.04-1.18)

>3 601 (2.0) 304 (3.1) 67.7 (65.1-70.3) -7.6 (-9.9 to -5.2) 1.30 (1.19-143)
Cancer history P=.82

No 24,172 (80.9) 8,004 (80.8) 74.8 (71.4-78.1) 0 [Reference] 1 [Reference]

Yes 5,724 (19.2) 1,908 (19.3) 76.5 (73.9-79.1) 1.7 (0.4-3.0) 0.93 (0.89-0.98)
Tumor location P < .001

Head 21,796 (72.9) 6,904 (69.7) 75.9 (72.8-79.0) 0 [Reference] 1 [Reference]

Body* 2,487 (8.3) 847 (8.6) 74.7 (70.6-78.8) -1.2 (-2.4 to 0.02) 1.05 (1.01-1.10)

Tail 2,347 (7.9) 887 (9.0) 73.0 (69.3-76.7) -2.9 (-4.5 to -1.3) 112 (1.05-1.19)

Other/NOS 3,266 (10.9) 1,274 (12.9) 72.2 (68.9-75.5) -3.7 (-5.0 to -2.3) 115 (1.09-1.21)
Clinical stage P < .001

1 9,476 (31.7) 3,933 (39.7) 71.0 (67.6-74.3) 0 [Reference] 1 [Reference]

1l 20,420 (68.3) 5,979 (60.3) 772 (74.0-80.4) 6.3 (4.9-7.7) 0.78 (0.74-0.83)
Urban/rural status P=.003

Metropolitan 24,304 (81.3) 7,906 (79.8) 75.0 (71.9-78.2) 0 [Reference] 1 [Reference]

Urban 4,353 (14.6) 1,595 (16.1) 75.2 (71.8-78.6) 0.2 (-13 to 1.7) 0.99 (0.93-1.05)

Rural 529 (1.8) 181 (1.8) 771 (70.0-84.3) 21 (-33to 7.5) 0.92 (0.72-1.16)

Unknown 710 (2.4) 230 (2.3) 74.5 (69.9-79.0) -0.6 (-3.2 to 2.0) 1.02 (0.92-1.13)
Year of diagnosis P < .001

2010 4,045 (13.5) 1,695 (17.1) 70.3 (67.5-73.2) 0 [Reference]) 1 [Reference]

2011 4,371 (14.6) 1,639 (16.5) 72.5 (69.6-75.3) 21 (1.2-31) 0.93 (0.90-0.96)

2012 4,845 (16.2) 1,698 (17.1) 74.0 (70.0-78.1) 3.7 (1.6-5.8) 0.87 (0.80-0.95)

2013 5,040 (16.9) 1,677 (16.9) 75.0 (71.7-78.4) 4.7 (3.7-5.7) 0.84 (0.80-0.88)

2014 5,619 (18.8) 1,677 (16.7) 772 (73.4-80.9) 6.9 (4.9-8.8) 0.77 (0.70-0.85)

2015 5,976 (20.0) 1,548 (15.6) 79.8 (76.8-82.8) 9.5 (8.2-10.7) 0.68 (0.63-0.73)
Insurance status® P < .001

Private 11,674 (39.1) 2,731 (27.6) - - -

Medicare 14,932 (50.0) 5,874 (59.3) - - -

Medicaid 1,737 (5.8) 549 (5.5) — — —

Other government program 411 (1.4) 224 (2.3) — — —

Uninsured 723 (2.4) 347 (3.5) - - -

Unknown 419 (1.4) 187 (1.9) — — —
Evaluated at > 1 CoC hospital! P < .001

No 19,943 (66.7) 8,125 (82.0) — — -

Yes 9,953 (33.3) 1,787 (18.0) - — -

* Column percentages may not sum to 100% because of rounding.
T Bold values for adjusted risk differences and adjusted risk ratios from the multivariable model indicate significance at a P value of < .05.
¥ Occasionally, the RR can be significant when the ARD is not.
§ Insurance status and evaluation at > 1 CoC hospital were not included in this multivariable model because they were intermediate variables.
RR, risk ratio; NOS, not otherwise specified.

Race/ethnicity and treatment utilization

Table 5 presents the associations between race/ethnicity
in models that handled the SES

and treatment
index as an

utilization

intermediate.

Disparities

in the utilization of

surgery and MMT among NHB and Hispanic patients were

larger in
was

these

significantly

models.

NHB

associated with

Furthermore,
chemotherapy omission,

race/ethnicity

whereas it was not when the SES index was adjusted for

(Table 3).
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Univariate and multivariable associations of covariates with utilization of multimodality therapy (ie surgery and chemotherapy).

Univariate analysis, Number (%)

Multivariable analysis

Adjusted rate of
multimodality
therapy, % (95% CI)

Adjusted risk
difference, % (95% CI)

Adjusted RR for omission
of multimodality therapy

(95% CI)l

Multimodality Multimodality
therapy therapy omitted
(n=20,463) (n=19,345)
Race/ethnicity P < .001
NHW 16,837 (82.3) 14,856 (76.8)
NHB 2,004 (9.8) 2,494 (12.9)
Hispanic 841 (4.1) 1,128 (5.8)
Asian 517 (2.5) 512 (2.7)
Other/unknown 264 (1.3) 355 (1.8)
SES index P < .001
1 (Lowest) 1,565 (7.7) 2,224 (11.5)
2 1,908 (9.3) 2,308 (11.9)
3 2,666 (13.0) 2,831 (14.6)
4 3,182 (15.6) 3,028 (15.7)
5 3,378 (16.5) 3,055 (15.8)
6 3,305 (16.2) 2,727 (14.1)
7 (Highest) 4,459 (21.8) 3,172 (16.4)

52.8 (49.7-55.9)
46.4 (44.1-48.7)
444 (39.8-48.9)
49.3 (45.8-52.8)
422 (38.3-46.1)

42.6 (38.3-46.9)
46.0 (41.3-50.6)
48.6 (45.3-52.0)
51.0 (47.9-54.1)
52.0 (49.8-54.3)
54.7 (51.8-57.6)
58.0 (55.2-60.9)

0 [Reference]

-6.4 (-8.9 to -3.9)
-8.4 (-11.3 to -5.5)
-3.5 (-5.7 to -1.3)
-10.6 (-13.9 to -7.4)

-15.4 (-18.8 to -12.0)
-121 (-14.6 to -9.5)
-9.4 (-11.0 to -7.8)
-71 (-9.0 to -5.2)
-6.0 (-8.6 to -3.4)
-34 (-51 to -1.6)

0 [Reference]

1 [Reference]

1.14 (1.08-1.20)
118 (1.12-1.24)
1.07 (1.03-1.12)
1.23 (1.15-1.30)

1.37 (1.28-1.46)
1.29 (1.24-1.34)
1.22 (118-1.27)
117 (112-1.22)
1.14 (1.08-1.21)
1.08 (1.04-1.12)
1 [Reference]

* Column percentages may not sum to 100% because of rounding.

T Bold values for adjusted risk differences and adjusted risk ratios from the multivariable model indicate significance at a P value of < .05.

RR, risk ratio.

Table 5

Association of race/ethnicity with utilization of treatment in models that considered socioeconomic status index as an intermediate variable*.

Race/ethnicity

Adjusted rate of
treatment, % (95% CI)

Adjusted risk difference,

% (95% CI)f

Adjusted risk ratio for omission
of treatment (95% CI)

Outcome 1: Utilization of surgery

NHW 65.0 (62.6-67.4)
NHB 55.3 (53.4-57.2)
Hispanic 58.8 (55.0-62.6)
Asian 64.4 (62.0-66.8)
Other/unknown 57.0 (52.3-61.8)

Outcome 2: Utilization of chemotherapy

NHW 76.4 (72.3-80.1)
NHB 72.1 (67.3-76.9)
Hispanic 65.0 (59.4-70.6)
Asian 72.7 (70.3-75.1)
Other/unknown 63.7 (58.5-68.9)

0 [Reference]

-9.7 (-11.5 to -8.0)

-6.2 (-9.3 to -3.2)
~0.6 (-2.8 to 1.6)
-8.0 (-11.7 to -4.2)

0 [Reference]

-4.3 (-8.1 to -0.6)
-11.4 (-15.0 to -7.8)
-3.8 (-6.0 to -1.6)
-12.7 (-16.9 to -8.5)

Outcome 3: Utilization of multimodality treatment (ie, surgery and chemotherapy)

NHW 53.4 (49.8-57.0)
NHB 43.3 (40.2-46.4)
Hispanic 41.6 (37.1-46.2)

0 [Reference]
-10.1 (-13.6 to -6.7)
-11.8 (-14.3 to -9.2)

1 [Reference]

1.28 (1.22-1.34)
1.18 (1.09-1.27)
1.02 (0.96-1.08)
1.23 (1.13-1.34)

1 [Reference]

1.18 (1.03-1.36)
1.48 (1.34-1.65)
1.16 (1.05-1.28)
1.54 (1.34-1.76)

1 [Reference]
1.22 (1.13-1.31)
1.25 (1.20-1.31)

Asian 50.1 (46.5-53.6)
Other/unknown 42.2 (37.9-46.6)

1.07 (1.01-1.14)
1.24 (1.16-1.33)

-3.3 (-6.2 to -0.5)
-11.2 (-14.7 to -7.6)

*

Each model adjusted for age, sex, Charlson-Deyo score, cancer history, tumor location, clinical stage, urban/rural status, and year of diagnosis. Each model also included

a clustered sandwich estimator with US census division of the reporting hospital as the cluster variable. These models did not adjust for socioeconomic status index because
it was considered an intermediate variable when race/ethnicity was the exposure of interest.
T Bold values for adjusted risk differences and adjusted risk ratios from the multivariable model indicate significance at a P value of < .05.

Additive effect of race/ethnicity and SES

Supplemental Tables 5-7 present adjusted rates of treatments
by race/ethnicity and the SES index. Adjusted treatment rates for
the least and most advantaged patients were quite disparate. For
example, adjusted rates of MMT for NHB and Hispanic patients liv-
ing in the lowest SES areas were 38.7% (95% Cl 35.7%-41.7%) and
34.6% (95% Cl 27.7%-41.6%), respectively, compared with 59.8% (95%
CI 56.6%-63.0%) for NHW patients living in the highest SES areas
(Supplemental Table 6).

Interaction testing

We found no significant interactions between NHB or Hispanic
race/ethnicity and the SES index for utilization of surgery or MMT
or between Hispanic race/ethnicity and the SES for the utilization
of chemotherapy (Supplemental Tables 5-7). This indicates that the
overall associations between race/ethnicity and treatment utiliza-
tion were fairly constant over the socioeconomic gradient for these

outcomes. Conversely, there was a significant interaction between
NHB race/ethnicity and the SES index for chemotherapy utiliza-
tion (Supplemental Table 6). These significant interactions revealed
that NHB patients with moderate-high SES had lower chemother-
apy rates than NHW patients with comparably high SES, whereas
lower SES NHB patients had a similar utilization of chemotherapy
to lower SES NHW patients.

SES and overall survival

0S was longest for patients who received MMT, intermediate
for those who received surgery without chemotherapy, and worst
for unresected patients (Table 6). We found a graded relationship
between higher SES and longer OS, such that unadjusted OS was
6 months longer for patients living in the highest SES areas ver-
sus those living in the lowest SES areas. Sequential adjustment for
baseline factors and treatment utilization attenuated but did not
erase this relationship.
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Table 6

Unadjusted and adjusted overall survival by treatment utilized and socioeconomic status index.

757

Treatment utilized Unadjusted OS

Median OS, months (95% CI)

HR (95% CI)

Adjusted OS*

Model 17 HR (95% CI)

No surgery 9.4 (9.1-9.5) 3.04 (2.96-3.13) 2.93 (2.77-3.10) -

Surgery without chemotherapy 16.0 (15.3-16.6) 1.53 (1.47-1.58) 1.44 (1.35-1.54) —

MMT 26.1 (25.6, 26.5) 1 [Reference] 1 [Reference] —

SES index Median OS, months (95% CI) HR (95% CI) Model 2 HR (95% CI) Model 3% HR (95% CI)
1 (Lowest) 14.1 (13.4-14.8) 1.39 (1.31-147) 1.32 (1.26-1.40) 1.23 (1.18-1.28)
2 14.8 (14.2-15.6) 1.31 (1.23-1.39) 1.27 (1.18-1.36) 1.17 (1.09-1.26)
3 15.6 (14.9-16.2) 1.30 (1.25-1.35) 1.27 (1.22-1.33) 1.21 (1.14-1.29)
4 16.1 (15.5-16.5) 1.26 (1.22-1.29) 1.23 (1.19-1.28) 119 (1.16-1.23)
5 17.7 (17.1-18.4) 1.14 (1.10-1.18) 113 (1.09-1.18) 110 (1.05-1.15)
6 18.4 (17.6-19.1) 1.09 (1.04-1.14) 1.09 (1.03-1.14) 1.07 (1.05-1.11)
7 (Highest) 20.2 (19.6-20.8) 1 [Reference] 1 [Reference] 1 [Reference]

* Bold values for Cox models indicate significance at a P value of < .05.

T Model 1 adjusted for age, sex, SES index, race/ethnicity, Charlson-Deyo score, cancer history, tumor location, clinical stage, urban/rural status, year of diagnosis, insurance

status, and evaluation at > 1 Commission on Cancer hospital.

¥ Model 2 adjusted for age, sex, race/ethnicity, Charlson-Deyo score, cancer history, tumor location, clinical stage, urban/rural status, year of diagnosis, insurance status,

and evaluation at > 1 Commission on Cancer hospital.

§ Model 3 adjusted for the covariates included in Model 2 and utilization of surgery and chemotherapy.

HR, hazard ratio; MMT, multimodality therapy.

Sensitivity analyses

When the components of the SES index were the exposures
rather than the SES index, the magnitudes of treatment utiliza-
tion disparities were smaller (Supplement Tables 8 and 9). In mod-
els that included area income and education levels, associations
among these exposures and treatment utilization were attenuated
or absent because of the strong correlation between the two com-
ponents of the SES index (Supplemental Table 10). Finally, in mod-
els that included intermediate variables, associations between the
SES index and treatment utilization were biased toward the null,
as expected (Supplemental Table 11).26

Discussion

In this contemporary study of 43,760 patients with clinical
stage -1l PDAC, we observed a graded relationship between higher
SES and increased utilization of surgery, chemotherapy, and the
composite outcome of MMT. Living in the lowest SES areas was
associated with lower adjusted rates of surgery and chemother-
apy than all factors except age > 70 years (and other or unknown
race/ethnicity for chemotherapy). This SES index, which included
both ZCTA-level income and education rates, revealed larger dis-
parities in treatment utilization than were obtained when using
the common practice of simultaneously adjusting for both com-
ponents. Likewise, avoiding the overadjustment bias introduced by
adjusting for intermediates resulted in larger estimates of dispar-
ity magnitudes. Finally, SES was associated with OS in a graded
fashion, and adjustment for baseline covariates and treatment uti-
lization only partially attenuated this relationship. These findings
show that SES and race/ethnicity are more powerful determinants
of whether patients receive guideline-recommended treatments for
clinical stage I-II PDAC than previously understood.

Most studies of disparities in treatment utilization in PDAC have
focused on the association of race/ethnicity with the utilization of
surgery.810-15.19 Studies also reported associations of area income
and education levels with surgery utilization®!®> and associations
of race/ethnicity'®!” and SES'” with MMT utilization. Lutfi et al. re-
cently combined the NCDB income and education variables to form
a composite SES variable, which was associated with surgery uti-
lization.'> However, their SES variable had only three values and
they presented ORs as the only effect measure. Our study is the

first to quantify such a large, graded association between SES and
receipt of surgery and chemotherapy.

The SES-based disparities in the utilization of surgery and
chemotherapy were additive, such that disparities in the MMT uti-
lization were larger than disparities in the utilization of its com-
ponents. Although most earlier studies examined only utilization
of surgery,®10-1> the utilization of MMT is probably a more im-
portant outcome. Adjuvant therapy trials in PDAC demonstrate 5-
year survival of 10% with surgery alone versus approximately 20%-
30% with MMT.*~7 Our survival analysis likewise emphasizes that
surgery is necessary but insufficient.

No previous studies have demonstrated a robust, graded rela-
tionship between area SES and OS (Table 6). Adjustment for base-
line characteristics in Model 2 attenuated observed disparities by
SES by a small degree, emphasizing that survival differences were
largely not attributable to measured differences in baseline fac-
tors between SES groups (ie, the Charlson-Deyo score). Adjustment
for utilization of surgery and chemotherapy in Model 3 attenu-
ated disparities more but did not erase them. This suggests that
residual disparities are attributable either to deleterious effects of
the SES through mechanisms other than the treatment utilization
or attributable to aspects of the treatment not captured by these
two binary variables.

Limitations

The largest limitation of this study is that we used ZCTA-level
measures of the SES. SES would ideally be measured at the in-
dividual level or at a smaller area level.*> Although the NCDB
is superior to standard SEER data in that it provides ZCTA-level
data rather than county-level data, other databases include census
block-level SES data.** Such indices might reveal even larger
disparities, but using them would limit analyses to a smaller
section of the country. Second, SES also includes employment
status,*> which we lacked data on. Third, this was a retrospective
analysis, and we could not control for unmeasured confounders
that contributed to treatment selection bias. Fourth, we did not
analyze radiation utilization. Although radiation is commonly used,
it is not essential for all patients.* Fifth, we ignored hospital-level
variables to avoid introducing bias by excluding patients resected
at nonreporting hospitals. Whether treatment at a high-quality
hospital ameliorates the deleterious effects of the low SES and
minority race/ethnicity remains unknown. Sixth, the NCDB does
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not include information on performance status or social support.
Absent data on these factors, we cannot know with certainty that
surgery was actually appropriate in some unresected low SES and
minority patients. Finally, we were unable to determine whether
surgery and chemotherapy are underutilized in the most privileged
patients (ie, highest SES and NHW). A University of Pittsburgh
audit of its institutional NCDB file found that many patients with
omitted surgery were treated with initial surgical intent or actu-
ally had BR or locally advanced tumors.!! Of unresected patients
included in our chemotherapy utilization analysis, 4,391 of 9,433
(68.2%) received chemotherapy. It is possible that many of these
patients had resectable or BR tumors, began intended neoadjuvant
therapy, and had progression or complications precluding resec-
tion. Defining the optimal rates of surgery and chemotherapy for
patients in the NCDB with clinical stage I-Il PDAC who do not have
treatment contraindications or refusal remains a research priority.
Until this is done, the true extent of underutilization of surgery
will remain poorly understood.

Policy and future research implications

These results have implications for efforts to increase eq-
uity in the treatment utilization among patients with PDAC and
to improve OS. Most significantly, the rates of surgery (70%),
chemotherapy (81%), and MMT (60%) among the most privileged
(ie, the highest SES and NHW) patients could be accepted as
minimum benchmarks for all patients. The CoC administers ac-
creditation programs for breast and rectal cancer.*64’ Creation of
a similar program for PDAC in an effort to increase treatment rates
for all patients to these minimum benchmarks, among other goals,
could be a strategy to drive improvements in survival. As stated
earlier in this report, future studies need to answer two fundamen-
tal questions. First, are some of the 30% of most advantaged (ie,
the highest SES and NHW) patients who do not currently receive
surgery actually appropriate surgical candidates? Second, what are
the underlying reasons that low SES and minority patients undergo
treatment at lower rates? Is this because such patients are less
likely to be seen at high-quality centers? Is it partially explained
by lower performance status in such patients? Answering these
questions will require studies using granular, multicenter data
from sources other than the NCDB. Answering these questions
would facilitate the rational design of quality improvement efforts.

Research methods implications

Part of the motivation for this study was to demonstrate simple
methods to improve the quality of studies using the NCDB to ex-
amine treatment utilization disparities. We believe that such stud-
ies might be improved by using the SES index herein, presenting
ARDs in addition to relative effect measures, and carefully consid-
ering whether candidate covariates are actually intermediate vari-
ables. Insurance status and evaluation at multiple CoC-accredited
hospitals appear to be intermediates when the exposure is the SES,
and the SES can be considered an intermediate when the exposure
is race/ethnicity.

Conclusions

Utilization of surgery and chemotherapy for clinical stage I-II
PDAC increases in a graded fashion with increasing ZCTA-level SES.
Equally important, NHB and Hispanic patients have lower surgery
utilization than NHW patients across the entire SES gradient. These
clinical stage I-1I patients are the subgroup of PDAC patients with
the best chances of long-term survival. Increasing utilization of ap-
propriate curative-intent treatment among lower SES NHW and

minority patients may represent a realistic opportunity for im-
provements in population-level survival.

National Cancer Database Disclosure: The data used in the study
are derived from a deidentified NCDB file. The American College
of Surgeons and the Commission on Cancer have not verified and
are not responsible for the analytic or statistical methodology em-
ployed or the conclusions drawn from these data by the inves-
tigator.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.surg.2018.10.035.

References

1. Katz MH, Wang H, Fleming ]B, Sun CC, Hwang RF, Wolff RA, et al. Long-term
survival after multidisciplinary management of resected pancreatic adenocarci-
noma. Ann Surg Oncol. 2009;16:836-847.

2. Picozzi V], Oh SY, Edwards A, Mandelson MT, Dorer R, Rocha FG, et al. Five-year
actual overall survival in resected pancreatic cancer: A contemporary sin-
gle-institution experience from a multidisciplinary perspective. Ann Surg Oncol.
2017;24:1722-1730.

3. Cloyd ]JM, Katz MH, Prakash L, Varadhachary GR, Wolff RA, Shroff RT,
et al. Preoperative therapy and pancreatoduodenectomy for pancreatic ductal
adenocarcinoma: A 25-year single-institution experience. | Gastrointest Surg.
2017;21:164-174.

4. NCCN clinical practice guidelines in oncology: Pancreatic adenocarcinoma (ver-
sion 1.2018) Web site. https://www.nccn.org/professionals/physician_gls/default.
aspx. Accessed 6 June 2018.

5. Khorana AA, Mangu PB, Berlin ], Engebretson A, Hong TS, Maitra A, et al. Poten-
tially curable pancreatic cancer: American Society of Clinical Oncology clinical
practice guideline. J Clin Oncol. 2016;34:2541-2556.

6. Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JA, Hickey H, et al. A ran-
domized trial of chemoradiotherapy and chemotherapy after resection of pan-
creatic cancer. N Engl ] Med. 2004;350:1200-1210.

. Oettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert K, Ridwelski K, et al. Ad-
juvant chemotherapy with gemcitabine and long-term outcomes among pa-
tients with resected pancreatic cancer: The CONKO-001 randomized trial. JAMA.
2013;310:1473-1481.

8. Bilimoria KY, Bentrem DJ, Ko CY, Stewart AK, Winchester DP, Talamonti MS.
National failure to operate on early stage pancreatic cancer. Ann Surg.
2007;246:173-180.

9. Strolhl MP, Raigani S, Ammori JB, Hardacre JM, Kim JA. Surgery for localized
pancreatic cancer: The trend is not improving. Pancreas. 2016;45:687-693.

10. Shapiro M, Chen Q, Huang Q, Boosalis VA, Yoon CH, Saund MS, et al. Associa-
tions of socioeconomic variables with resection, stage, and survival in patients
with early-stage pancreatic cancer. JAMA Surg. 2016;151:338-345.

11. Miller-Ocuin JL, Zenati MS, Ocuin LM, Varley PR, Novak SM, Winters S,
et al. Failure to treat: Audit of an institutional cancer registry database at a large
comprehensive cancer center reveals factors affecting the treatment of pancre-
atic cancer. Ann Surg Oncol. 2017;24:2387-2396.

12. Lutfi W, Zenati M, Zureikat A, Zeh H, Hogg M. Health disparities impact ex-
pected treatment of pancreatic ductal adenocarcinoma nationally. Ann Surg On-
col. 2018;25:1860-1867.

13. Swords DS, Mulvihill S, Skarda DE, Finlayson SRG, Stoddard GJ, Ott M], et al.
Hospital-level variation in utilization of surgery for clinical stage I-II pancreatic
adenocarcinoma. Ann Surg. 2017. doi:10.1097/SLA.0000000000002404.

14. Murphy MM, Simons JP, Hill JS, McDade TP, Chau Ng S, Whalen GF, et al. Pan-
creatic resection: A key component to reducing racial disparities in pancreatic
adenocarcinoma. Cancer. 2009;115:3979-3990.

15. Riall TS, Townsend Jr CM, Kuo YF, Freeman JL, Goodwin |S. Dissecting racial
disparities in the treatment of patients with locoregional pancreatic cancer: A
2-step process. Cancer. 2010;116:930-939.

16. Jaap K, Fluck M, Hunsinger M, Wild ], Arora T, Shabahang M, et al. Analyzing
the impact of compliance with national guidelines for pancreatic cancer care
using the National Cancer Database. | Gastrointest Surg. 2018;22:1358-1364.

17. Visser BC, Ma Y, Zak Y, Poultsides GA, Norton JA, Rhoads KF. Failure to comply
with NCCN guidelines for the management of pancreatic cancer compromises
outcomes. HPB (Oxford). 2012;14:539-547.

18. Huang L, Jansen L, Balavarca Y, Molina-Montes E, Babaei M, van der Geest L,
et al. Resection of pancreatic cancer in Europe and USA: An interna-
tional large-scale study highlighting large variations. Gut. 2017. doi:10.1136/
gutjnl-2017-314828.

19. Abraham A, Al-Refaie WB, Parsons HM, Dudeja V, Vickers SM, Habermann EB.
Disparities in pancreas cancer care. Ann Surg Oncol. 2013;20:2078-2087.

20. Austin PC, Merlo ]. Intermediate and advanced topics in multilevel logistic re-
gression analysis. Stat Med. 2017;36:3257-3277.

21. STROBE Statement—Checklist of items that should be included in reports
of observational studies Web site. https://www.strobe-statement.org/fileadmin/
Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf. Accessed 5 June
2018.

~N


https://doi.org/10.1016/j.surg.2018.10.035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0003
https://www.nccn.org/professionals/physician_gls/default.aspx
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0011
https://doi.org/10.1097/SLA.0000000000002404
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0016
https://doi.org/10.1136/gutjnl-2017-314828
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0019
https://www.strobe-statement.org/fileadmin/Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

—_

32.

33.

34.

35.

D.S. Swords, S.J. Mulvihill and B.S. Brooke et al./Surgery 165 (2019) 751-759

Norton EC, Dowd BE, Maciejewski ML. Odds ratios—Current best practice and
use. JAMA. 2018;320:84-85.

Walner L, Griggs J. Advancing the science of cancer health disparities research.
J Clin Oncol. 2018;36:1-3.

King NB, Harper S, Young ME. Use of relative and absolute effect measures in
reporting health inequalities: Structured review. BM]J. 2012;345:e5774.

Sauer BC, Brookhart A, Roy ], Vanderweele T. A review of covariate selection for
non-experimental comparative effectiveness research. Pharmacoepidemiol Drug
Saf. 2013;22:1139-1145.

Schisterman EF, Cole SR, Platt RW. Over adjustment bias and unnecessary ad-
justment in epidemiologic studies. Epidemiology. 2009;20:488-495.

Goodman S, Schneeweiss S, Baiocchi M. Using design thinking to differ-
entiate useful from misleading evidence in observational research. JAMA.
2017;317:705-707.

Greenberg CC, Minter RM. Overadjustment bias as a threat in the drive for gen-
der equity. Ann Surg. 2018;268:201-203.

American College of Surgeons. National Cancer Database Web site. https://www.
facs.org/quality-programs/cancer/ncdb. Accessed 5 June 2018.

Boffa DJ, Rosen JE, Mallin K, Loomis A, Gay G, Palis B, et al. Using the
National Cancer Database for outcomes research: A review. JAMA Oncol.
2017;3:1722-1728.

Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.
gov) SEER*Stat Database: Incidence - SEER 9 Regs Research Data, Nov 2017
Sub (1973-2015) <Katrina/Rita Population Adjustment>- Linked To County At-
tributes - Total U.S. 1969-2016 Counties, National Cancer Institute, DCCPS,
Surveillance Research Program, released April 2018, based on the November
2017 submission, http://seer.cancer.gov/data/citation.html.

PUF data dictionary items Web site. http://ncdbpuf.facs.org/node/259. Accessed
5 June 2018.

ZIP Code Tabulation Areas (ZCTAs). United States Census Bureau Web site. https:
//www.census.gov/geo/reference/zctas.html. Accessed 1 June 2018.

American Community Survey (ACS): Areas Published. United States Census
Bureau Web site. https://www.census.gov/programs-surveys/acs/geography-acs/
areas-published.html#par_textimage_0. Accessed 2 June 2018.

Rothstein R. The color of law: A forgotten history of how our government segre-
gated America. 2017.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

759

Daniel A., Daniel H., Bhashkar M. The effects of the 1930s HOLC “redlining”
maps. Federal Reserve Bank of Chicago Web site. https://www.chicagofed.org/
publications/working-papers/2017/wp2017-12. Accessed 27 June 2018.

Muller CJ, MacLehose RF. Estimating predicted probabilities from logistic re-
gression: different methods correspond to different target populations. Int J Epi-
demiol. 2014;43:962-970.

Norton EC, Miller MM, Kleinman LC. Computing adjusted risk ratios and risk
differences in Stata. Stata J. 2013;13:492-509.

Zhang J, Yu KF. What's the relative risk? A method of correcting the odds ratio
in cohort studies of common outcomes. JAMA. 1998;280:1690-1691.

Knol M]J, LeCessie S, Algra A, Vandenbroucke JP, Groenwold RH. Overestimation
of risk ratios by odds ratios in trials and cohort studies: Alternatives to logistic
regression. CMAJ. 2012;184:895-896.

Margins-Marginal means, predictive margins, and marginal effects. Stata Web
site. https://www.stata.com/manuals13/rmargins.pdf. Accessed 28 May 2018.
Khawja SN, Mohammed S, Silberfein EJ, Musher BL, Fisher WE, Van Buren G.
Pancreatic cancer disparities in African Americans. Pancreas. 2015;44:522-527.
Polite BN, Adams-Campbell LL, Brawley OW, Bickell N, Carethers JM, Flowers CR,
et al. Charting the future of cancer health disparities research: A position state-
ment from the American Association for Cancer Research, the American Cancer
Society, the American Society of Clinical Oncology, and the National Cancer In-
stitute. CA Cancer J Clin. 2017;67:353-361.

Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Trends in cancer
survival by health insurance status in California from 1997 to 2014. JAMA Oncol.
2018;4:317-323.

NCHHSTP social determinants of health. Centers for Disease Control and Pre-
vention Web site. https://www.cdc.gov/nchhstp/socialdeterminants/definitions.
html. Accessed 29 May 2018.

American College of Surgeons. National Accreditation Program For Breast
Centers. American College of Surgeons Web site. https://www.facs.org/
quality-programs/napbc. Accessed 5 June 2018.

American College of Surgeons. National Accreditation Program For Rec-
tal Cancer. American College of Surgeons Web site. https://www.facs.org/
quality-programs/cancer/naprc. Accessed 5 June 2018.


http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0026
https://www.facs.org/quality-programs/cancer/ncdb
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0027
http://www.seer.cancer.gov
http://seer.cancer.gov/data/citation.html
http://ncdbpuf.facs.org/node/259
https://www.census.gov/geo/reference/zctas.html
https://www.census.gov/programs-surveys/acs/geography-acs/areas-published.html#par_textimage_0
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0028
https://www.chicagofed.org/publications/working-papers/2017/wp2017-12
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0032
https://www.stata.com/manuals13/rmargins.pdf
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30751-7/sbref0035
https://www.cdc.gov/nchhstp/socialdeterminants/definitions.html
https://www.facs.org/quality-programs/napbc
https://www.facs.org/quality-programs/cancer/naprc

	Disparities in utilization of treatment for clinical stage I-II pancreatic adenocarcinoma by area socioeconomic status and race/ethnicity
	Introduction
	Methods
	Data source and exclusion criteria
	SES index
	Outcome measures
	Covariate selection and intermediate variables
	Statistical analysis
	Sensitivity analyses

	Results
	SES and surgery
	SES and chemotherapy
	SES and multimodality therapy
	Race/ethnicity and treatment utilization
	Additive effect of race/ethnicity and SES
	Interaction testing
	SES and overall survival
	Sensitivity analyses

	Discussion
	Limitations
	Policy and future research implications
	Research methods implications
	Conclusions

	Supplementary materials
	References


