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Abstract
Objectives—Studies demonstrate safety and survival benefits of surgical resection in older
individuals with pancreatic adenocarcinoma. We investigated treatment disparities by age.

Methods—The Surveillance, Epidemiology, and End Results database for survival and treatment
of pancreatic adenocarcinoma between 1983 and 2007 stratified by age: younger than 50 years,
between 50 and 70 years, or older than 70 years. Kaplan-Meier curves and Cox proportional
hazards models were used for survival differences, and logistic regression models were used for
treatment disparities and the decision to refuse surgery.

Results—A total of 45,509 patients had microscopically confirmed pancreatic adenocarcinoma.
Of these, 7374 (16%) received surgery and 9842 (22%) received radiation. Younger patients were
more likely to receive both surgery and radiation. The prevalence of surgery decreased from 21%
for those younger than 50 years to 19% for those between 50 and 70 years to 13% for those older
than 70 years (P < 0.001). Radiation decreased from 28% to 25% to 17% (P < 0.001). Overall
survival decreased with increasing age at diagnosis, 10.4 months (age <50 years) to 9.1 months
(age 50–70 years) to 6.4 months (age >70 years) controlling for stage, sex, race, radiation, and
surgery (P < 0.001). Increasing age negatively predicted the odds of receiving both surgery and
radiation and increased the likelihood of refusing surgery.

Conclusions—Treatment disparities exist by age despite advances in radiation and surgical
treatment. Increased treatment in the elderly will increase overall survival from pancreatic
adenocarcinoma.
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Five-year survival rates from pancreatic cancer remain dismal and have changed little over
the past 35 years. The current rate of 6% is only slightly improved from the 3% documented
from 1975 to 1977.1 Although pancreatic cancer rarely presents before age 45, the incidence
rises sharply thereafter. As survival from other cancers and chronic diseases improves, the
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number of elderly patients diagnosed with pancreatic cancer is increasing. As such, age is an
important risk factor in the development of pancreas cancer. Whereas the overall incidence
rate of pancreatic cancer for all ages is 11.7 per 100,000, the incidence rate for individuals
older than 65 years is 66.4 per 100,000. Among adults older than 80 years, the incidence rate
is as high as 91.1 per 100,000.2

Surgical resection remains the only potential cure for patients with localized pancreatic
cancer, and studies confirm the safety and the survival benefit of surgical resection in older
individuals.3–6 Most recently, Lee et al7 and Stauffer et al8 demonstrated that
pancreaticoduodenectomy can be performed safely in patients 80 years and older. Despite
these reports, many surgeons are wary of performing surgical resection with intent to cure
for octogenarians—a particularly troubling trend given the lack of efficacious alternate
treatment modalities.

For locally advanced pancreatic cancer, chemoradiation is the standard of care.9,10 However,
when such aggressive regimens are considered, elderly patients may again be at a
disadvantage as a result of poor health or the fear of aggressive management in this
population. However, individuals 75 years or older have similar outcomes in terms of
overall survival after chemoradiation compared with the much younger historic controls
(mean age, 59–62 years) reported in prospective randomized trials.11 Nevertheless, similar
to surgery, medical and radiation oncologists remain reluctant to pursue such regimens in
older patients, as evidenced by data from the SEER Medicare database.12 With regard to
metastatic pancreatic cancer, single-agent gemcitabine has long been the treatment of
choice, with little progress made with regard to combination therapies.13 Recently, however,
combination chemotherapy with oxaliplatin, irinotecan, fluorouracil, and leucovorin
(FOLFIRINOX) has shown promise among younger patients with good functional status
(median age, 61 years).14 Unfortunately, a lack of evidence for use in older individuals
combined with a higher incidence of adverse events (febrile neutropenia, thrombocytopenia,
diarrhea, and sensory neuropathy) compared with gemicitibine alone may further bias
oncologists from offering this or other regimens to older patients.

As the US population ages and the management of pancreatic cancer patients diagnosed
after age 75 becomes more common, decisions regarding aggressive care will become
increasingly relevant. We used a population-based database to quantify treatment disparities
by age and whether they are changing over time. We hypothesize that treatment disparities
by age, despite advances in both medical and surgical technology, may partly explain the
persistently high 5-year mortality associated with pancreatic cancer.

Materials and Methods
The National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER)
database was used to perform a retrospective review of survival and treatment data for
patients diagnosed with pancreatic adenocarcinoma between 1983 and 2007.15 SEER*Stat
software16 was used to initially select patients with pancreatic tumors based on site codes
C250–C254 and C257–C259. The International Classification of Diseases for Oncology,
3rd Edition, histology codes 8140–8141, 8143, 8147, 8210–8211, 8260–8263, 8440, 8503,
8560, and 8570–8576 were then used to select for pancreatic adenocarcinoma specifically.
We included all pancreatic adenocarcinomas that were microscopically confirmed, occurred
in persons older than 25 years, and were listed as the patient's principal cause of death.
Exclusion criteria included cancer only noted on death certificate or autopsy and cancers for
which treatment with radiation and/or surgery was unknown. Patients diagnosed before 1983
were ineligible given the lack of surgical data before this date in the SEER database.
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Patients were stratified into groups based on age at diagnosis (<50, 50–70, or >70 years) and
year of diagnosis (1983–1990, 1991–2000, and 2001–2007).

Kaplan-Meier curves were constructed, and the log-rank test was used to test survival
differences between age strata. Cox proportional hazards models were then constructed to
control for additional variables. Treatment disparities for radiation and surgery by age strata
were assessed first with χ2 tests and then by multivariate logistic regression models.
Treatment disparities for chemotherapy could not be assessed because this information is not
readily available in the SEER database. Statistical significance was accepted at the P < 0.05
level. All statistical analyses were performed using SAS v9.2 (SAS Institute, Cary, NC).

Results
We identified 45,509 patients with microscopically confirmed pancreatic adenocarcinoma
diagnosed between 1983 and 2007 (Table 1). Most (26,220, 58%) of these cases occurred
between 2001 and 2007. Of these patients, 51% were male and 82% self-identified as white.
Mean (SD) age at diagnosis was 67.8 (11.6) years. Of all patients, 3267 (7%) had localized
disease, 14,641 (32%) had regional disease, and 27,601 (61%) had distant disease. Stratified
by age, there was an increasing prevalence of localized (ie, resectable) lesions among older
patients (5% [<50 years] vs 6% [50–70 years] vs 9% [>70 years], P < 0.001). During the
study period (1983–2007), 7374 patients (16%) received surgery and 9842 patients (22%)
received radiation treatment (Table 2).

Treatment Disparities By Age
When stratified by age, younger patients were more likely to receive both surgery and
radiation. The rate of surgery decreased from 21% for those younger than 50 years to 19%
for those between 50 and 70 years to 13% for those older than 70 years (χ2 = 364, P <
0.001). The rate of radiation decreased from 28% to 25% to 17% for the same age groups
(χ2 = 541, P < 0.001). In the multivariate analysis, increasing age negatively predicted the
odds of receiving both surgery and radiation. This disparity did not lessen over time (Table
3). Compared with patients younger than 50 years, the odds of receiving surgery for those 50
to 70 years old was 17% less from 1983 to 1990, 23% less from 1991 to 2000, and 22% less
from 2001 to 2007. For patients older than 70 years, the odds of surgery were 55% less, 57%
less, and 60% less during the same periods. Similarly, the odds of receiving radiation for
patients 50 to 70 years old compared with those younger than 50 years was 26% less
between 1983 and 1990, 19% less between 1991 and 2000, and 22% less between 2001 and
2007. For patients older than 70 years, the odds of radiation was 61% less, 58% less, and
60% less.

Patient Refusal of Surgery by Age
Older patients were also more likely to refuse surgical resection of pancreatic cancer. In a
separate analysis of 47,374 patients from the SEER database diagnosed with histologically
confirmed pancreatic adenocarcinoma from 1983 to 2007, those 477 patients who were
recommended to undergo cancer-directed surgery but refused had a mean (SD) age of 73.9
(10.5) years compared with 67.7 (11.6) years for the entire cohort (P < 0.01). On both
univariate and multivariate analyses, factors predictive of the decision to refuse surgery were
increasing age (odds ratio [OR], 1.713 [95% confidence interval {CI}, 1.012–2.900; P
=0.045] for 50–70 years versus <50 years; OR, 5.712 [95% CI, 3.423–9.533; P < 0.001] for
>70 years versus <50 years), black race (OR, 1.527 [95% CI, 1.141–2.042; P = 0.004]), and
being unmarried (OR, 1.824 [95% CI, 1.493–2.229; P < 0.001]), controlling for stage, year
of diagnosis, and urban living. Patients who refused recommended surgery had significantly
worse mean survival than those who underwent surgery (6.2 vs 16.7 months) both by
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Kaplan-Meier methods (P < 0.001) and Cox proportional hazards models (hazard ratio
[HR], 2.314 [95% CI, 2.096–2.554; P < 0.001]) controlling for age, year of diagnosis, race,
sex, stage, and marital status.

Survival Disparities by Age
Overall survival significantly decreased with increasing age at diagnosis, from a mean of
10.4 months for those younger than 50 to 9.1 months for those 50 to 70 years to 6.4 months
for those older than 70 years (Kaplan-Maier, P < 0.0001; Cox proportional hazards models:
HR, 1.131 [95% CI, 1.090–1.174; P < 0.0001] for those 50–70 years vs <50 years; HR,
1.485 [95% CI, 1.430–1.542; P < 0.0001] for those >70 years versus <50 years), controlling
for stage, sex, race, radiation, and surgery (Fig. 1).

Discussion
As the US population ages and the number of healthy, functional patients diagnosed with
cancer after age 75 increases, physicians are increasingly required to make treatment
decisions for which no guidelines exist. Our study adds pancreatic adenocarcinoma to an
increasing list of cancers, including lung, breast, and cervical, for which treatment
disparities and survival differences exist by age.17–20 Despite convincing evidence that
pancreaticoduodenectomy can be performed safely in individuals as old as 80 years,3–8

surgeons often hesitate before proceeding with surgical resection for cure in this
demographic. Our population-based analysis shows that despite advancing surgical and
medical technologies with resultant lower morbidity and mortality, treatment and survival
disparities for pancreatic adenocarcinoma exist by age and are not decreased over time.

A number of factors may influence a surgeon's decision to operate or an oncologist's
decision to refer for surgery. Older patients are more prone to polypharmacy, cardiac and
pulmonary disease requiring intensive intraoperative monitoring, decreased functional
status, risk of diabetes mellitus, and poor nutritional status. Whereas the actuarial life
expectancy of a 80-year-old man is 7.9 years, that of a 60-year-old man is 20.9 years.21

Nevertheless, a diagnosis of pancreatic adenocarcinoma will shorten both men's remaining
life expectancy to a similar degree based on our data—3.62% of expected for an 80-year-old
man and 6.75% of expected for a 60-year-old man. Further complicating the decision to
operate, multivariate analyses of population-based databases have shown age to be an
independent predictor of postoperative morbidity and mortality.22,23 Nevertheless, with the
emergence of dedicated high-volume centers, overall perioperative mortality after pancreatic
resection has fallen sharply over the last 3 decades and is now less than 3%.24,25

Unfortunately, overall survival from pancreatic cancer has not kept pace, having increased
from just 3% to 6% during the same period.1

One explanation for this inconsistency is that fewer older patients are treated at dedicated
high-volume centers. Riall et al26 showed that, in Texas, 63% of patients younger than 60
years were treated at dedicated centers, but this percentage fell gradually to 62% for patients
aged 60 to 69 years, 57% for patients aged 70 to 79 years, and 54% for patients 80 years and
older (P < 0.01). This disparity is particularly relevant because the same study showed that
the difference in perioperative mortality between high- and low-volume centers is
augmented with increasing age group. Among patients younger than 60 years, only a 1%
mortality difference was observed between high- and low-volume centers (2% vs 3%).
However, among patients 80 years and older, this difference in perioperative mortality grew
to almost 6% (8.7% vs 14.5%).

Our population-based study of 45,509 pancreatic adenocarcinoma patients in the SEER
database provides further evidence for survival disparities by age, but also specifically looks
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at trends over time as well as the decision to refuse recommended surgery. Our multivariate
regression models highlight 2 important observations. First, we show that increasing age
negatively predicts both the odds of receiving surgery and radiation treatment regardless of
year of diagnosis. Perhaps more importantly, this disparity is not lessening over time despite
improvements in therapy. Whereas a patient older than 70 years had a 55% less odds of
receiving surgery than a patient younger than 50 years from 1983 to 1990, the same patient
would have a 70% less odds of receiving the same surgery 10 years later (controlling for
stage, age, sex, and race). Similarly, with regard to radiotherapy, the odds of a patient older
than 70 years compared with a patient younger than 50 years receiving treatment has
remained between 58% and 61% less over 3 decades. Second, our subgroup analysis of 477
patients who refused surgery suggests that older individuals are more likely to refuse
recommended surgical resection controlling for stage, sex, marital status, race, and urban
living. We also demonstrate that patients who refuse recommended surgery have a worse
prognosis than those who do not. A lack of understanding regarding the safety of surgery in
the older demographic as well as differing perceptions regarding the risks and benefits of
surgery among the elderly likely contributes to this observation. As such, we hypothesize
that this continued disparity in access to care over time, despite advances in surgery and
chemoradiation, coupled with both an increasing diagnosis rate in the elderly and an
increased likelihood among this population to refuse surgery may in part explain the
persistently dismal overall survival from pancreatic cancer.

Our study is not without limitations. First, working within the limitations of the SEER
database, we were unable to control for the various comorbidities or functional status of our
study participants. Presumably, patients diagnosed at a later age have more comorbidities
and worse functional status that may affect the decision to offer surgery or chemoradiation.
Nevertheless, these factors are unlikely to explain all of the variation in odds that we
observed, and analysis of the SEER Medicare database controlling for comorbidities has
shown an insignificant difference in mortality after pancreatic resection between patients 65
to 69 years and patients older than 80 years.27 Second, our study has a clear selection bias.
As a retrospective study, we do not know exactly how patients were selected to receive
surgery or radiation. However, major factors driving the decision to offer care likely remain
constant over time. Finally, we were unable to stratify our data based on the type of center
(ie, high vs low volume) at which particular patients were diagnosed. We simply report
national trends that likely vary based on region and center.

In conclusion, these data show that recent advances in surgical technology and
chemoradiation have not carried over to benefit individuals diagnosed with pancreatic
adenocarcinoma at an older age. Despite a sharp reduction in perioperative mortality after
resection, the 5-year survival from pancreatic cancer has increased only 3% in 3 decades.
We hypothesize that the persistent treatment disparities over time between age groups
combined with the increasing proportion of patients diagnosed after age 70 may partly
explain this lack of improvement. Although many factors influence the decision to treat
pancreatic adenocarcinoma, age alone should not justify the decision of whether to operate
or not or to provide chemoradiation or not.
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Figure 1.
This figure demonstrates the association between increasing age at diagnosis of pancreatic
adenocarcinoma and worse survival. Patients diagnosed between ages 50 to 70 years and
after age 70 years have significantly worse survival than those diagnosed before age 50
years, both by Kaplan-Meier methods (log-rank, P < 0.0001) and Cox proportional hazards
models (HR, 1.131 [95% CI, 1.090–1.174, P < 0.0001] for 50–70 years vs <50 years; HR,
1.485 [95% CI, 1.430–1.542, P < 0.0001] for >70 years vs <50 years).
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Table 1
Baseline Characteristics of Pancreatic Adenocarcinoma Cases by Age Group, SEER 1983
to 2007

Demographic
Characteristic, n (%) Overall Cohort (n = 45,509) Age <50 y (n = 3710) Age 50–70 y (n = 21,446) Age >70 y (n = 20,353)

Race

 White 37,399 (82) 2845 (77) 17,263 (81) 17,291 (85)

 African-American 4969 (11) 563 (15) 2697 (13) 1709 (8)

 Other 3141 (7) 302 (8) 1486 (6) 1353 (7)

Sex

 Male 23,173 (51) 1516 (41) 11,798 (55) 9181 (45)

 Female 22,336 (49) 2194 (59) 9648 (45) 11,172 (55)

Year of diagnosis

 1983–1990 3491 (8) 280 (8) 1828 (9) 1383 (7)

 1991–2000 15,798 (35) 1323 (36) 7446 (35) 7029 (35)

 2001–2007 26,220 (58) 2107 (57) 12,172 (57) 11,941 (59)

SEER historic stage

 Localized 3267 (7) 187 (5) 1222 (6) 1858 (9)

 Regional 14,641 (32) 1125 (30) 6962 (32) 6554 (32)

 Distant 27,601 (61) 2398 (65) 13,262 (62) 11,941 (59)
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Table 3
Multivariate Regression Model Predicting Odds of Receiving Surgery or Radiation Over
Time

Overall 1983–1990 1991–2000 2001–2007

Odds of cancer-directed surgery

Reference: age <50 y

 Age 50–70 y 0.798 0.825 0.766 0.787

 Age >70 y 0.421 0.451 (NS) 0.433 0.404

Odds of radiation

Reference: age <50 y

 Age 50–70 y 0.792 0.739 0.812 0.777

 Age >70 y 0.410 0.386 0.417 0.404

*
All logistic regressions models controlled for stage, age, sex, and race. All P values were significant (<0.05) unless indicated.
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