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Introduction

Abstract

Age, sex, and racial/ethnic disparities exist, but are understudied in pancreatic
adenocarcinoma (PDAC). We used the Surveillance, Epidemiology, and End
Results (SEER)-Medicare linked database to determine whether survival and
treatment disparities persist after adjusting for demographic and clinical char-
acteristics. Our study included PDAC patients diagnosed between 1992 and
2011. We used Cox regression to compare survival across age, sex, and race/
ethnicity within early-stage and late-stage cancer subgroups, adjusting for marital
status, urban location, socioeconomics, SEER region, comorbidities, stage, lymph
node status, tumor location, tumor grade, diagnosis year, and treatment received.
We used logistic regression to compare differences in treatment received across
age, sex, and race/ethnicity. Among 20,896 patients, 84% were White, 9% Black,
5% Asian, and 2% Hispanic. Median age was 75; 56% were female and 53%
had late-stage cancer. Among early-stage patients in the adjusted Cox model,
older patient subgroups had worse survival compared with ages 66—69 (HR > 1.1,
P < 0.01 for groups >69); no survival differences existed between sexes. Black
(HR = 1.1, P = 0.01) and Hispanic (HR = 1.2, P < 0.01) patients had worse
survival compared with White. Among late-stage cancer patients, patients over
age 84 had worse survival than those aged 6669 (HR = 1.1, P < 0.01), and
males (HR = 1.08, P < 0.01) had worse survival than females; there were no
racial/ethnic differences. Older age and minority race/ethnicity were associated
with lower likelihood of receiving chemotherapy, radiation, and/or surgery. Age
and racial/ethnic disparities in survival outcomes and treatment received exist
for PDAC patients; these disparities persist after adjusting for differences in
demographic and clinical characteristics.

deaths will be attributed to pancreatic cancer this year
[2]. Incidence rates for this cancer increased at a rate of

Pancreatic cancer is the third leading cause of cancer
death in the United States, and estimates suggest it will
become the second leading cause of cancer death by 2030
due to an increased number of individuals older than
age 65 as the baby boomer generation ages [1]. In 2017,
over 53,000 new diagnoses of pancreatic cancer are expected
in the United States, and projections expect over 43,000

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

1.2% per year between 2000 and 2012 and death rates
increased by 0.4% [3]. Pancreatic cancer represents a
particularly aggressive and lethal malignancy, with approxi-
mately 93% of pancreatic cancer patients dying within
5 years of diagnosis [3, 4].

Pancreatic cancer is a disease of aging, occurring at
increased rates in older adults, and these patients often
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experience worse outcomes related to the disease [5-7].
Studies suggest that older patients are typically less likely
to receive treatment for their pancreatic cancer and to
have worse survival outcomes [8]. These poor results may
be related to older patients’ complex geriatric issues, such
as medical comorbidities, poor nutrition, impaired physical
and cognitive function, and limited social support [9-13].
Thus, there is a critical need for further research to char-
acterize the impact of age on treatment received and
survival outcomes in patients with pancreatic cancer in
order to inform optimal management of the geriatric
oncology population.

In addition, prior research suggests that patients’ sex
and race/ethnicity may influence the treatment received
and survival outcomes among patients with pancreatic
cancer. In a study investigating the use and effectiveness
of cancer-directed therapy among patients with locally
advanced pancreatic cancer between 1991 and 1996, male
patients appeared to be more likely to receive treatment
compared with women, yet this finding did not persist
after controlling for potential confounders, such as age,
place of residence, and comorbidities [14]. Research
studying racial/ethnic disparities in pancreatic cancer has
demonstrated higher incidence rates in the Black popula-
tion compared with White, Hispanic, and Asian popula-
tions [15]. Death rates due to pancreatic cancer also
appear to be worse in the Black population compared
with White, Hispanic, and Asian populations [15].
Potential explanations for these survival differences
include treatment disparities among different racial and
socioeconomic populations [16]. Other explanations for
survival differences among racial and ethnic groups
include factors such as smoking, obesity [17], and tumor
characteristics [18].

Although prior studies suggest the presence of age, sex,
and racial/ethnic disparities regarding cancer outcomes,
additional research is needed to investigate the relationship
between these demographic factors and clinical factors
such as cancer stage, comorbidity, and treatment received
to better understand potential disparities in survival among
patients with pancreatic cancer. We used the Surveillance,
Epidemiology, and End Results (SEER)-Medicare linked
database to study patients with pancreatic adenocarcinoma
(PDAC) and further determine whether age, sex, or race/
ethnic differences in treatment received and/or survival
outcomes exist after controlling for potential confounders
such as patient sociodemographics and tumor character-
istics. We hypothesized that these potential confounding
factors may only partially explain the differences in treat-
ment received and survival among these subgroups, thus
highlighting the need for future research to identify addi-
tional factors to target in efforts to minimize disparities
in pancreatic cancer outcomes.
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Methods
Cohort inclusion/exclusion criteria

We used data from the 2015 release of the SEER—Medicare
database to estimate differences in treatment received and
survival among patients with PDAC based on age, sex,
and race/ethnicity. The SEER database comprises approxi-
mately 28% of the U.S. population and includes informa-
tion about tumor characteristics, incidence, and survival.
The Medicare database includes claims information for
approximately 97% of Medicare patients aged 65 or older
[19]. The SEER-Medicare database links SEER registry data
to Medicare enrollment and claims files, including Parts
A and B claims for covered health care services, and can
be used to examine patterns of care among cancer patients.

Patients were included if they were diagnosed at 65+
and had a microscopically confirmed (histology or cytol-
ogy) PDAC diagnosed between 1 January 1992 and 31
December 2011. Adenocarcinoma histology was based on
the International Classification of Diseases for Oncology
(ICD-0O-3) codes listed in Table S1. Only patients with
PDAC as their primary cancer and continuous enrollment
in Medicare Parts A and B from 13 months prior to
their diagnosis to death or 31 December 2013 were included
in our analysis. To ensure that we completely captured
claims data regarding heath care services, we excluded
patients enrolled in an HMO during this period because
no billing information regarding HMO services is available
in this database. Stage is based on the derived SEER stage
variable for the sixth edition of the AJCC Cancer Staging
Manual; those prior to 2004 were classified by mapping
the SEER variables for extension of disease and lymph
node involvement to the appropriate AJCC sixth edition
stage. Patients in which we could not determine AJCC
stage were excluded. The N classification variable was
based on lymph node involvement (NO, no lymph nodes;
N1 at least one node; unknown, node involvement not
known). We imputed socioeconomic status by using U.S.
Census data provided in SEER-Medicare to derive quintiles
of ZIP code-level median household income. We catego-
rized patients into four race/ethnicity groups (White, Black,
Hispanic, Asian) using SEER variables; 62 patients coded
as Native American and 58 patients coded as unknown
race/ethnicity were excluded. The final cohort was 20,896
patients: 9773 (46.8%) were early stage (I-III) and 11,123
(53.2%) were late stage (stage IV). A flowchart showing
how the final cohort was derived is showed in Figure S1.

Statistical analysis

We compared the distribution of all patient and cancer
characteristics included in the analysis across age, sex,
and race/ethnic groups using a chi-square test. We divided

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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patients into two cohorts (early stage [I-III] and late stage
[IV]) to examine survival differences across age, sex, and
race/ethnicity among early-stage and late-stage patients
independently. We chose to analyze stage IV separately
due to the difference in treatment patterns found in this
stage group; metastatic patients are generally offered non-
surgical treatment. We used Kaplan—Meier to estimate
survival within subgroups of age, sex, and race/ethnicity,
with patients alive on 31 December 2013 censored, and
potential differences assessed using the log-rank test.

We classified patients as having received surgery, radia-
tion, and/or chemotherapy if they had at least one Medicare
claim after diagnosis, based on codes listed in Table SI.
We calculated comorbidity scores using the Deyo adapta-
tion of the Charlson comorbidity index to Medicare inpa-
tient, outpatient, and physician claims during the 13-month
period prior to cancer diagnosis [20-22]. We classified
the scores into three groups (0, 1, and 2+).

We examined whether age, sex, and race/ethnic differ-
ences were predictors of treatment receipt (surgery, radia-
tion, or chemotherapy) after controlling for other
demographic and clinical predictors using logistic regression
models. To examine whether age, sex, and race/ethnic
differences in overall survival remained after controlling
for other demographic and clinical predictors, we used
Cox proportional hazard models in both the early-stage
and late-stage patient cohorts to compare hazard ratios.
We included the following variables in the models: age
at diagnosis; sex; race/ethnicity; marital status; urban/rural
location; SES (census tract quintile); SEER region, year
of diagnosis, AJCC stage, comorbidity score; receipt of
surgery, radiation, or chemotherapy; tumor location (pan-
creatic head, body/tail, or other); N stage (NO, N1, or
unknown); and tumor grade (low, intermediate, poor/
undifferentiated, or unknown). To assess for interactions
between stage (I-III vs. IV) and age, sex, and race/ethnic-
ity, we used Cox proportional hazard models to test for
an interaction effect between each of these covariates.

We defined statistical significance as P < 0.05 in a
two-sided test. We performed statistical analysis using SAS
software, version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Demographics and clinical characteristics

In our cohort of 20,896, there were 3906 (19%) patients
aged 66-69, 5688 (27%) aged 70-74, 5508 (26%) aged
75-79, 3732 (18%) aged 80-84, and 2062 (10%) aged 85
or older. There were 11,599 (56%) female patients and
9297 (44%) males. Most patients were White (n = 17,541;
84%), and fewer were Black (n 1889; 9%), Asian
(n = 1062; 5%), and Hispanic (n = 404; 2%). Patients

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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over age 65 who were excluded (N = 30,806) were more
likely to be male (47% vs. 44%, P < 0.0001), a race/
ethnicity other than White (22% vs. 16%, P < 0.0001),
or diagnosed in the older age subgroup (85+ years old;
12% vs. 10%, P < 0.0001). The complete list of demo-
graphics and clinical characteristics for the final cohort
are found in Tables 1 and 2, respectively.

Patients in the 66—69 and 70-74 age groups were more
likely to be married, have a lower comorbidity score, and
to be diagnosed with late-stage disease. Male patients were
more likely to have a younger diagnosis age, to be mar-
ried, and they had a higher comorbidity score than female
patients. Black and Hispanic patients were less likely to
be married, and they had a lower SES, were diagnosed
at a younger age, and had a higher Charlson comorbidity
score compared with the Asian and White populations.
Black patients were also more likely to have late-stage
PDAC.

Treatment factors

Rates of surgery receipt among the entire cohort increased
over time, with 8.9% of patients diagnosed in 1992-1993
receiving surgery and 17.8% diagnosed in 2009-2011
receiving surgery (Fig. 1). Chemotherapy rates also steadily
increased, with 32.5% of patients diagnosed in 1992-1993
receiving chemotherapy and 58.5% diagnosed in 2009-2011
receiving chemotherapy. Rates of radiation receipt gener-
ally remained stable over time, with 21.7% of patients
diagnosed in 1992-1993 receiving radiation and 23.6%
diagnosed in 2009-2011 receiving radiation.

Younger patient subgroups (those aged 66—80) were
more likely to have received surgery, radiation, or chemo-
therapy than the older subgroups, and male patients were
more likely to have received radiation or chemotherapy
than female patients. Black patients were least likely to
have received surgery, radiation, or chemotherapy com-
pared to the other racial subgroups. Using logistic regres-
sion models, we sought to determine whether the differences
in treatment received were significant after adjusting for
other baseline sociodemographic and cancer characteristics
(full logistic regression modeling results listed in Table
S2). For surgery, age (P < 0.0001) and race/ethnicity
(P = 0.0002) and were both significant predictors, while
sex was not (P = 0.41). These results were consistent for
the radiation (age: P < 0.0001; sex: P = 0.56; race/ethnic-
ity: P = 0.001) and chemotherapy (age: P < 0.0001; sex:
P = 0.30; race/ethnicity: P = 0.0001) models. Among
early-stage patients, age and race/ethnicity were both sig-
nificant predictors for surgery (P < 0.0001 and P = 0.02,
respectively) and chemotherapy (P < 0.0001 and P = 0.004,
respectively). Only age (P < 0.0001) was a significant
predictor of receipt of radiation. Sex was not significant
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Figure 1. Treatment of stage |-V pancreatic adenocarcinoma patients by year of diagnosis.

for any of the treatment models. Among late-stage patients,
none of the three variables were significant predictors of
surgery, while only age (P < 0.0001) was a significant
predictor of chemotherapy. Age and race/ethnicity were
both significant predictors for radiation (P < 0.0001 and
P = 0.005, respectively), while sex was not significant.

Survival outcomes

In the univariate Cox proportional hazards model using
the interaction terms for stage age, sex, and race/ethnicity,
we found significant effects between stage and sex
(P = 0.005) and stage and race/ethnicity (P = 0.0008);
however, there was no effect between stage and age
(P = 0.68). We examined survival outcomes between
early-stage and late-stage patients separately in both the
Kaplan—Meier survival curves and adjusted models.
Figure 2 shows the Kaplan—Meier survival curve for early-
stage patients stratified by age, sex, and race/ethnicity.
The median overall survival for this cohort was 8.7 months.
The median survival decreased among age groups, from
11.2 months for ages 66-69 to 4.8 months for ages 85+.
The median survival for males and females was 8.9 and
8.6 months, respectively. Survival was worse for Black
(6.6 months) and Hispanic (6.6 months) then for White
(9.0 months) and Asian (8.7 months) patients. At 3 years,
the survival rates for early-stage patients were 9.9%, 6.4%,
6.5%, and 10.3% for White, Black, Hispanic, and Asian
patients, respectively (survival rates are shown in Table
S3).

Figure 3 displays the Kaplan—Meier survival curves for
late-stage patients stratified by age, sex, and race/ethnicity.
The median overall survival for this cohort was 2.9 months.
The median survival decreased among age groups, from
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5.9 months for ages 66-69 to 3.3 months for ages 85+.
The median survival for males and females was 2.8 and
2.9 months, respectively. Survival was worse for Black
(2.6 months) and Hispanic (2.6 months) than for White
(2.9 months) and Asian (3.3 months) patients. For late-
stage patients, the 2-year survival rates were 1.9%, 1.1%,
0.9%, and 3.0% for White, Black, Hispanic, and Asian
patients, respectively (survival rates are shown in Table
S3).

Adjustment effects

We ran separate Cox proportional hazards models on the
early-stage (I-III) and late-stage (IV) patients (full models
shown in Table S4). Older patients had worse survival
when compared to patients aged 66-69 (HR: 1.1 and
above for all age groups, P < 0.01 for all) in both the
unadjusted and adjusted models, but we found no survival
differences between sexes (Table 3). In the unadjusted
model of early-stage cancer patients, Black (HR 1.27,
P < 0.0001) and Hispanic (HR 1.26, P = 0.002) patients
had worse survival when compared to White patients.
These survival differences persisted after adjustment for
patient and tumor characteristics (Black [HR 1.11,
P = 0.01] and Hispanic [HR 1.24, P = 0.005]). Asian
patients had no survival differences when compared to
White patients in both the unadjusted (HR 1.06, P = 0.24)
and adjusted (HR 1.06, P = 0.26) models.

Among late-stage cancer patients, the oldest patient age
group had worse survival when compared to younger
patients (HR: 1.1 for age 85+ compared to 66—69 years,
P < 0.01), and males (HR: 1.08, P < 0.01) had worse
survival than females. Black and Hispanic patients had no
survival difference compared with White patients (Table 3).

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 2. Kaplan-Meier survival curve for early-stage (I-lll) pancreatic adenocarcinoma patients (A) race, (B) age, and (C) sex.

Discussion

Our study demonstrates disparities for treatment received
and survival across age, sex, and race/ethnicity among
patients with pancreatic cancer. We found that older patients
and Black and Hispanic patients with early-stage pancreatic
cancer experience worse survival outcomes compared to
their counterparts even after adjusting for potential con-
founding sociodemographic and clinical factors. We also
found that various clinical factors such as comorbidities
and treatment do not appear to fully explain the survival
differences among the age and race/ethnic subgroups. Among
patients with late-stage disease, the survival differences across
age and race/ethnicity were largely insignificant after adjust-
ment. This is potentially due to the fact that these patients
tend to present at a very late stage in their disease, with
short survival times. Notably, our findings suggest similar
outcomes for male and female patients in early-stage disease,
although males had slightly worse survival than females in
the adjusted model of late-stage pancreatic cancer.
Collectively, these findings suggest that disparities persist
for patients with pancreatic cancer across age, sex, and
race/ethnicity, yet ongoing research is needed to further
determine the etiology of these disparities.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Our findings align with several previous studies dem-
onstrating survival differences based on patient age and
race/ethnicity [16, 23, 24]. For example, Amin (2012)
demonstrated that both treatment prevalence and survival
decreased as age increased, despite any recent advances
in these regimens [8]. Singal et al. showed that Black
patients experience worse survival than White patients,
even after controlling for patient and tumor characteristics,
yet there were no survival differences between White
patients and the Asian or Hispanic population [16]. Other
studies have shown mixed results regarding outcomes in
the Hispanic patient population. Research by Jou et al.
demonstrated similar overall survival among Hispanic and
Black patients when compared to White patients treated
in a New York City cancer center, while Bathe et al
showed that Hispanic patients had worse outcomes com-
pare to White patients after tumor resection in the pancreas
head [25, 26].

Our research further adds to this work by providing
an updated analysis that included additional important
variables. Many of these studies used SEER without link-
age to Medicare data, which does not include important
treatment factors such as receipt of chemotherapy, and
individual patient factors such as medical comorbidities.
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Figure 3. Kaplan—-Meier survival curve for late-stage (IV) pancreatic adenocarcinoma patients (A) race, (B) age, and (C) sex.

The use of a linked SEER—Medicare database allowed us
to adjust for these vital factors unavailable in SEER, includ-
ing comorbidities, chemotherapy use, and socioeconomic
status based on zip code and median income. In addition,
our study includes more recent SEER data, which may
be significant as treatments for pancreatic cancer have
rapidly evolved in more recent years. Importantly, our
findings suggest that even after including this additional
factors, such as chemotherapy, comorbidities, and other
tumor characteristics, disparities in receipt of treatment
do not fully explain the disparities in survival differences
across age, sex, and race/ethnicity.

The persistence of these disparities suggests the exist-
ence of additional unmeasured factors that we could not
control for. In addition, biases and interactions that we
could not control for may also play a role in the dispari-
ties we demonstrated. For example, differences in tumor
biology by both age and race/ethnicity may be an impor-
tant factor, which needs to be studied in future research.
Prior work on other cancers, such as ovarian and prostate,
suggests that malignancies detected at an older age are
more aggressive, but this needs to be studied within pan-
creatic cancer [27-29]. Similarly, heterogeneity in tumor
indolence/invasiveness has been reported by race/ethnicity
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for various cancers, such as a 2006 study by Lee et al.
demonstrating that Black patients present with bladder
cancer at a higher stage and tumor grade [30-32]. Research
by Powell et al. suggests that prostate cancer grows more
rapidly and becomes more aggressive among Black men
when compared to White. These potential differences in
other cancers highlight the need for further research in
this area in pancreatic cancer patients.

Our study is subject to several limitations inherent to
administrative data. Since SEER-Medicare only includes
patients 65 years or older and we excluded 65-year-old
patients to allow us to calculate comorbidity scores in
the year prior to diagnosis, we were unable to conduct
analyses on younger patient populations. However, pan-
creatic cancer is more common among older age groups,
with approximately 66% of patients aged 65 or older
[33]. Other factors that could explain the poorer survival
outcomes across age, sex, and race/ethnicity, such as smok-
ing history, family history, and obesity are not completely
reported in the SEER—Medicare database. For example,
BMI category claim codes were recorded for only approxi-
mately 200 patients out of our cohort of 20,896. A previ-
ous study by Arnold et al. [17] demonstrated that factors
such as smoking and obesity play a major role in pancreatic

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 3. Cox proportional hazard ratios for overall survival, adjusted for patient characteristics.

Unadjusted models Adjusted model'2
HR 95% ClI P HR 95% Cl P
Early stage (I-lll) cohort
Race/ethnicity
White (ref) 1 1
Black 1.27 1.18-1.37 <0.0001 1.1 1.02-1.20 0.01
Hispanic 1.26 1.09-1.46 0.002 1.24 1.07-1.43 0.005
Asian 1.06 0.97-1.16 0.24 1.06 0.96-1.15 0.26
Age
66-69 (ref) 1 1
70-74 1.1 1.04-1.18 0.0009 1.10 1.02-1.16 0.003
75-79 1.23 1.16-1.31 <0.0001 1.12 1.05-1.19 0.0004
80-84 1.44 1.35-1.54 <0.0001 1.19 1.11-1.28 <0.0001
85+ 2.00 1.85-2.17 <0.0001 1.37 1.26-1.49 <0.0001
Sex
Female (ref) 1 1
Male 0.97 0.93-1.01 0.19 1.04 0.99-1.08 0.12

Late stage (IV) cohort
Race/ethnicity

White (ref) 1 1

Black 1.13 1.06-1.20 0.0002 0.997 0.93-1.07 0.94

Hispanic 1.09 0.95-1.25 0.22 1.03 0.90-1.19 0.65

Asian 0.89 0.81-0.97 0.009 0.82 0.75-0.90 <0.0001
Age

66-69 (ref) 1 1

70-74 1.07 1.02-1.14 0.01 1.05 0.999-1.11 0.07

75-79 1.16 1.10-1.23 <0.0001 1.05 0.99-1.11 0.10

80-84 1.34 1.26-1.43 <0.0001 1.06 0.994-1.13 0.08

85+ 1.73 1.60-1.86 <0.0001 1.14 1.06-1.24 0.0006
Sex

Female (ref) 1 1

Male 1.03 0.99-1.07 0.14 1.08 1.04-1.13 <0.0001

Wariables included in the adjusted model: AJCC cancer stage, N stage, Charlson comorbidity score, year of diagnosis, SEER region, SES, tumor
location, surgery, radiation, chemotherapy, tumor grade, marital status, urban location.
2Variables included in the adjusted model: race/ethnicity, age at diagnosis, sex, Charlson comorbidity score, year of diagnosis, SEER region, SES, tumor
location, surgery, radiation, chemotherapy, tumor grade, marital status, urban location.
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