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Abstract: We sought to review published aggregate dataset studies on pancreatic cancer in the national
and international settings, discuss the advantages and disadvantages these datasets possess, and possible
future directions. A combination of Google Scholar, PubMed, and MEDLINE were used with search terms
“pancreatic cancer” + “resectable” + “national cancer database”, “pancreatic cancer” + “unresectable” +
“national cancer database” and more broadly “borderline resectable pancreatic cancer”, “locally advanced
pancreatic cancer”, “unresectable pancreatic cancer”, and “resectable pancreatic cancer”. Original articles
and abstracts from this search were included, including data from the Surveillance, Epidemiology, and End
Results (SEER) database, National Cancer Database (NCDB), and SEER-Medicare within the United States
(US), as well as international database studies. Multiple database studies have been published regarding
the role for radiotherapy in resected pancreatic cancer (n=6), the timing of additional therapy in resectable
pancreatic cancer (n=4), and the role for radiotherapy and resection in locally advanced pancreatic cancer
(LAPC) (n=4). Studies from both SEER and NCDB found a survival benefit to post-operative radiotherapy.
In resectable pancreatic cancer, neoadjuvant treatment was found to be superior to adjuvant (NCDB).
Chemoradiotherapy was found to be more beneficial than chemotherapy alone in LAPC, and patients who
received highly-conformal or stereotactic body radiotherapy (SBRT) had improved survival compared to
either conformal radiotherapy or chemotherapy alone. These studies also found that up to 10% of patients
underwent resection, with a 90% margin-negative rate, and either one-half to one-third the risk of death of
non-surgical patients. Criticism of large datasets includes lack of granularity of performance status, diagnosis,
treatment, and outcomes-related data compared to properly administered prospective trials, as well as cross-
over between treatment arms that cannot be accounted for, and concerns over quality of data represented.
The US has witnessed a growing number of comparative effectiveness studies in pancreatic cancer. When
taken together, certain themes emerge that are consistent with both single-institution data and clinical trials.
These studies have also provided insight into questions not readily answerable by clinical trials. However,

they require caution in interpretation.
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Introduction

Though survival for all stages of pancreatic cancer
has improved over the last few decades, it remains
dismal (1). The mortality rate for pancreatic cancer
approaches its incidence rate every year (2), and it is
projected to be the second leading cause of cancer death
in the world by 2030 (3). Several important clinical trials
have been recently reported regarding pancreatic cancer
treatment, though almost as many questions have been
generated from these reports as have been answered.
Though randomized studies may have the highest degree
of internal validity, it is not uncommon for their external
validity to be questioned even before the study has been
completed. Completed studies may also seem to contradict
one another, making interpretation further difficult. As
such, there are still several open questions in the clinical
management of patients with pancreatic cancer. These
include the most appropriate timing of additional therapy
with respect to resection [neoadjuvant (NAT) versus
adjuvant (AT)], the role for radiotherapy in resected
pancreatic cancer, the role for radiotherapy in locally
advanced (LAPC) and borderline resectable pancreatic
cancer (BRPC), and the possibility of surgical resection
after primary therapy for LAPC patients.

Given the expense and time required to answer such
a large number of clinical questions with phase III
randomized trials, and the limited statistical power and
generalizability of single-institution data, investigators have
increasingly turned to large aggregated datasets to explore
these questions. These large database series are particularly
useful in describing the epidemiology and trends in
incidence, treatment, survival, and local control of different
cancers, as well as changes in practice patterns over time.
More recently, in the United States (US), these datasets
have been widely used for comparative effectiveness, in
which different treatment paradigms are evaluated for their
effect on survival. The most commonly utilized datasets
in the US include the Surveillance, Epidemiology, and
End Results (SEER) database, SEER-Medicare, and the
National Cancer Database (NCDB).

In this article, we will review database publications
on pancreatic cancer. We will discuss the differences in
how researchers are using their databases and how these
publications may affect clinical practice. We will further
discuss the inherent difficulties of using large datasets in
comparative effectiveness research questions in pancreatic
cancer and thus their utility in shaping clinical practice.

© Journal of Gastrointestinal Oncology. All rights reserved.

997

Finally, we will discuss future directions for research
involving large databases.

Methods and materials

A combination of Google Scholar, PubMed, and
MEDLINE were used with search terms “pancreatic
cancer” + “resectable” + “national cancer database”,
“pancreatic cancer” + “unresectable” + “national cancer
database” and more broadly “borderline resectable
pancreatic cancer”, “locally advanced pancreatic cancer”,
“unresectable pancreatic cancer”, and “resectable pancreatic
cancer”. Original articles and abstracts from this search
were included. Guidelines, including American and
European, were reviewed, as well as the randomized clinical
trials and single-institution data cited in those guidelines.
The SEER database includes information from 20
registries, representing approximately 28% of the US
population (4). Data available through SEER includes
demographics (race and ethnicity, age at diagnosis, month
and year of diagnosis, gender, marital status, state and
county of residence at time of diagnosis), tumor site and
morphology, stage at diagnosis, first course of treatment
(surgery, radiotherapy, and more recently systemic therapy),
and survival (including cause of death). Local control data
and quality of life/treatment complication data are not
available in SEER. Specific information on radiotherapy
(timing, dose, modality) and systemic therapy (utilization
and timing) can now be obtained with an additional data
use agreement (4). SEER-Medicare provides linked data
from the SEER registry and Medicare administrative claims
database and covers the majority of the US population
age 65 and older. Thus, information available includes all
SEER information listed above in addition to all billable
codes to include: tests, procedures, office visits, admissions,
durable medical equipment, home health, hospice care, and
prescription drugs (5). Medical diagnosis and billing codes
can add additional granularity to SEER information. The
NCDB is a joint program of the Commission on Cancer
(CoC) and the American Cancer Society, which includes
data from approximately 1,500 hospitals and clinics in
the US and its territories. This database captures nearly
70% of new cancer diagnoses made in the US (6) but is
not population-based. Demographics such as age, race,
gender, state, zip code, income and percent of residents
without a high school diploma, distance from treatment
facility, urban density, treating facility type (academic,
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community, integrated), and primary payer are included.
Charlson comorbidity score is included, as well as tumor
size, site, grade, cancer stage, and various cancer site-
specific codes that are used for decision-making (i.e.,
vascular involvement and carbohydrate antigen 19-9 (CA
19-9) level at diagnosis in pancreatic cancer). Information
on surgery (number of days from diagnosis, site, surgery
type/extent, number of lymph nodes taken/positive,
location of lymph nodes, margin status), radiotherapy
(number of days from diagnosis, modality, dose, number
of treatments), and systemic therapy (number of days
from diagnosis, utilization, timing, and number of agents)
is available. Survival time is available, as well as 30- and
90-day mortality, if surgery is performed. Unlike SEER,
cause of death is not listed in the NCDB. Reasons for
refusal of surgery, radiotherapy, and chemotherapy are
given for the majority of patients.

Results
Timing of additional therapy in resectable pancreas cancer

Given the relatively poor survival of even the most favorable
patients who proceed with upfront surgery, the role for NAT
in resectable pancreatic cancer is currently an area of inquiry.
There has never been a clinical trial comparing NAT to AT,
though a meta-analysis did report favorable outcomes from
multiple phase II datasets in NAT patients (7).

Multiple NCDB studies have been published
investigating the role for NAT in resected disease. Mokdad
and colleagues compared clinical stages I-1I pancreatic
cancer patients treated with NAT to those treated with
AT in the NCDB and found a five-month median survival
benefit (26 versus 21 months, HR 0.83, P<0.01) for patients
treated with NAT (8). Additionally, they found pathologic
down-staging in terms of T-stage, N-stage, as well as
a decreased positive margin rate, though findings were
not stratified by stage. Similar findings were reported by
Mirkin and colleagues, though only clinical stages II and
III patients (not stage I) benefitted from NAT (9). de Geus
and colleagues also reported a stage-dependent benefit for
NAT (10). Youngwirth and colleagues reported similar
findings in terms of pathologic downstaging, but they did
not report long-term survival (11). These studies all suggest
the possibility of a stage-dependent benefit for NAT in
resectable pancreatic cancer.

The role for tumor markers in the treatment of
anatomically resectable patients is also increasingly being
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investigated in pancreatic cancer. In a recent NCDB
analysis, Bergquist and colleagues found that increased
CA 19-9 levels in resectable patients was an indicator of
increased mortality compared to non-secretors or those with
normal levels (<37 U/mL) (12). In these patients, termed
“biologically borderline resectable”, there was a non-
statistically significant trend for neoadjuvant chemotherapy
in mitigating this increased mortality (P=0.11). Thus, the
authors concluded that in anatomically resectable patients,
those with an elevated CA 19-9 may be best treated as
BRPC (neoadjuvant systemic therapy followed by resection)
as opposed to upfront resection. Though only 25% of
patients in the authors’ query had CA 19-9 levels reported,
this report is concordant with those of others who have
found that elevated CA 19-9 levels are associated with
poorer outcomes, and thus CA 19-9 is likely a marker of a
biologically more aggressive tumor. This NCDB analysis is
most interesting, however, because it suggested a possible
mitigation for the elevated mortality risk, which has not
been reported in the randomized data.

The role for radiotherapy in resectable pancreas cancer

Three SEER studies have found benefit to post-operative
radiotherapy in patients with resected pancreatic cancer,
and one is cited in NCCN guidelines as a consideration
for utilizing post-operative radiotherapy (13,14). Three
NCDB studies, reported between 2013 and 2017, did
find modest median survival benefits to the use of post-
operative radiotherapy. Kooby and colleagues [2013] (15)
found that for resected pancreatic cancer, only adjuvant
chemoradiotherapy (HR 0.70, 95% CI, 0.61-0.80), not
chemotherapy alone (HR 1.04, 95% CI, 0.93-1.18)
improved survival over surgical resection. This study is cited
in NCCN guidelines as a contrasting study to ESPAC-1,
along with a retrospective single-institution series (14).
Rutter and colleagues [2015] found that the addition of
radiotherapy to adjuvant chemotherapy improved both
median and 5-year overall survival (19.6% versus 16.5%,
P<0.001) for pT1-3NO-1 resected pancreatic cancers (16).
Finally, Ahmed and colleagues examined stage II patients
(T3NO or T1-3N1), and found a statistically significant
survival benefit for median and three-year survival for all
AT compared to no AT, with chemoradiotherapy yielding
the largest benefit (17). However, at 5 and 10 years, survival
was equivalent or worse for chemoradiotherapy compared
to no adjuvant therapy.
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The role for and advances in radiotherapy in LAPC

The role for radiotherapy in LAPC remains controversial.
The lack of a “standard of care” treatment regimen is
reflected in the NCCN guideline, which allows for first-
line treatment with chemotherapy alone, induction
chemotherapy followed by chemoradiation, or upfront
chemoradiation, either conventionally fractionated or
stereotactic body radiotherapy (SBRT) (14). European
guidelines give an “I, A” recommendation only to 6 months
of gemcitabine and a “minor role of chemoradiation” (18).

Two recently published NCDB analyses compared
chemotherapy versus chemoradiotherapy in LAPC, both
finding a modestly improved one- and two-year survival
with the addition of radiotherapy to chemotherapy (19,20).
Additionally, Amini and colleagues found a survival benefit
on subgroup analysis with the use of chemotherapy and
IMRT, though no significant benefit was observed with
chemotherapy and 3D conformal radiotherapy compared
to chemotherapy alone (20). Torgeson and colleagues
found that multi-agent induction chemotherapy followed
by radiotherapy was associated with improved survival
compared to multi-agent chemotherapy alone (19). Multi-
agent chemotherapy alone, however, was superior to single-
agent concurrent chemoradiotherapy. These data suggest
that the choice of systemic therapy and timing of therapy
plays a potentially important role in the efficacy of local
therapy, which is concordant with the findings of the most
recent meta-analysis. Dose escalation above 54 Gray was
not associated with a survival benefit on either univariate or
multivariate analysis in the Torgeson data. The Amini data
did not directly compare dose but did find that conformality
was relevant to survival. That is, patients who underwent
the most conformal treatment had a survival benefit
compared to chemotherapy alone. These two datasets, when
taken together, suggest that dose escalation itself is not
likely to be effective unless it can be conformal enough to
spare critical organs and prevent toxicity, and local control
may only be effective when systemic control is adequately
addressed.

SBRT in LAPC has gained traction as another local
treatment option either in lieu of or in addition to standard
chemotherapy. Zhong and colleagues compared SBRT
(4 Gray or more fraction size) to conventionally
fractionated radiotherapy (2 Gray or less fraction size)
in ¢T2-T4 NO-N1 pancreatic adenocarcinomas using
NCDB (21). They found a survival benefit to SBRT
(HR 0.84, P<0.001), despite a higher percentage of the
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SBRT patients not receiving chemotherapy compared
to conventionally fractionated patients (12.7% versus
3.9%, P<0.001). The survival benefit was increased
when all patients had received chemotherapy (HR 0.77,
95% CI, 0.69-0.85), further suggesting the importance
of systemic therapy in providing an opportunity for
local treatment to be effective. de Geus and colleagues
reported similar findings in NCDB, where SBRT was
compared to chemotherapy alone, conventional external
beam radiotherapy (3D conformal), and IMRT (22).
Prior to matching, SBRT had the highest median survival
(13.9 months). After matching, survival with SBRT was
superior to chemotherapy alone or 3D conformal radiation
therapy, but equivalent to IMRT. Both of these studies
suggest a role for dose escalation, either conventionally
with the conformality provided by using IMRT or other
such techniques, or through hypofractionation or extreme
hypofractionation, which have both been reported in single
institution series.

The role for surgical resection in LAPC

Level I evidence does not exist as to the feasibility of
resection, either upfront or after a course of non-surgical
therapy in LAPC. Given that an RO-R1 surgical resection is
considered the most beneficial therapy in pancreatic cancer,
more attention has been given to the possibility of “resecting
the unresectable” and several single-institutional studies
have been published with promising results.

Large hospital datasets can be useful in examining a
possible role for surgical resection after primary treatment
in LAPC. The Torgeson dataset found that up to 10%
of LAPC patients underwent resection after treatment
with multi-agent chemotherapy and chemoradiotherapy,
and of those close to 90% were RO resections (19).
Survival in patients who underwent surgical resection was
double that of patients who underwent chemotherapy or
chemoradiotherapy alone. Similar findings were reported
in the Zhong SBRT dataset, and surgical patients in that
dataset experienced 1/3 the risk of death as non-surgical
patients (21). Shubert and colleagues (23) examined NCDB
for clinical stage III (T4) patients, who by definition are
either BRPC or LAPC, and found that resection was
possible in 70% of patients treated with chemotherapy or
chemoradiotherapy upfront with the intent to undergo
surgical resection, and NAT was associated with a significant
survival benefit (MS 20.7 versus 13.7 months, P<0.001).
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International use of population database studies

Datasets from outside the US have been valuable in
reporting the incidence and mortality of pancreatic
cancer in their country or network of countries.
Examples include the Danish series, which found a rising
incidence of pancreatic cancer in Denmark over the last
20 years (24). The French national hospital database also
found a rising incidence of pancreatic cancer between 2010
and 2014 (25). Rising incidence and unchanged long-term
(2-5 years) mortality through 2006 was also described
by Klint and colleagues using the NORDCAN database,
which was representative of national cancer databases in
the Nordic countries (26). The Taiwanese databases (27)
also describe a rising incidence of pancreatic cancer. Finally,
the SUDCAN and EUROCARE-5 databases were used
to describe survival trends from six European countries
(Belgium, France, Italy, Spain, Switzerland, Portugal) over
the last few years. While there were mild improvements in
short-term (18 months and less) survival (28), long-term
survival remained dismal (<5%).

Comparative effectiveness studies of large datasets outside
the US have also added value to the literature. In Taiwan,
for example, the use of complementary Chinese herbal
medicine in addition to standard therapy was compared to
standard therapy alone in patients with pancreatic cancer
via the Taiwanese Registry for Catastrophic Illness Patients
Database [1997-2010] and found a survival benefit for patients
using complementary Chinese herbal medicine (29). Both
Korea (Korean Central Cancer Registry and the National
Health Insurance Service of the Republic of Korea) (30)
and the Netherlands (Netherlands Comprehensive Cancer
Organization and PHARMO Database Network) (31)
have used their databases to investigate a possible role for
Metformin in improving survival in pancreatic patients with
concomitant type 2 diabetes. The Swiss examined the role of
hospital volume on pancreatic cancer mortality, and found
that lower hospital volume was associated with increased
mortality after pancreatectomy (32). Finally, the Korean
Health Insurance Claims Database has been used to examine
the effectiveness of erlotinib when added to gemcitabine for
pancreatic cancer, and found that the addition of erlotinib did
not improve outcomes compared to gemcitabine alone (33).

Discussion
Comparing large database vesults with other published data

Many published aggregated dataset studies seem to disagree
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with findings from randomized clinical trials in both
resectable and LAPC, where such trials exist. This is true
in the role for radiotherapy after resection in resectable
disease, and the role for chemoradiotherapy compared to
chemotherapy alone in LAPC. There is no level I evidence
to compare for the role of neoadjuvant therapy in resectable
disease, SBRT in LAPC, or surgery in LAPC. Neoadjuvant
therapy seems to be associated with a survival benefit
compared to AT in large datasets. One of the caveats of this
data is the difficulty of controlling for attrition. That is,
the patients who received NAT did not develop metastatic
disease or progress prior to surgical resection, and therefore
were likely an enriched population by the time they
completed surgery.

In terms of post-operative radiotherapy in resectable
disease, both SEER and NCDB studies have found
a survival benefit to post-operative radiotherapy,
though in two separate meta-analyses of randomized
trials (34,35), chemoradiotherapy was found to be no better
than chemotherapy alone. It is unclear why all three large
datasets would conflict with randomized data. It could
be argued that the healthiest patients were selected for
the addition of radiotherapy in the observational studies.
It could also be argued that the chemoradiotherapy
group consisted of higher-risk patients who were more
likely to benefit from post-operative radiotherapy
(positive lymph nodes, margins, bigger tumors), though
ideally these factors would be accounted for via either
propensity-score matching or multivariate analysis. As the
emergence of biomarkers that may indicate more locally
aggressive disease, a population who clearly benefits from
postoperative radiation therapy may emerge.

In LAPC, the most appropriate primary treatment
option remains controversial. Both American and European
guidelines cite mixed data on whether survival is affected
by the addition of radiotherapy to chemotherapy, with
three meta-analyses showing no survival benefit to
chemoradiotherapy compared to chemotherapy alone. The
first meta-analysis, published in 2007, cited two trials that
compared chemotherapy with chemoradiotherapy and did
not find a survival benefit to chemoradiotherapy, though
the confidence interval was wide (36). A 2013 meta-analysis
found on sub-group analysis that chemoradiotherapy
was no better than chemotherapy alone for survival,
though it was better than radiotherapy alone (37). A
more recent [2018] meta-analysis of 41 prospective
studies and close to 2,000 patients also found that in the
overall cohort, chemoradiation did not improve 1-year
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survival compared to chemotherapy alone, unless induction
chemotherapy was given for at least three months prior to
chemoradiotherapy (38). Chemoradiation was also associated
with improved survival if maintenance chemotherapy was
given, if the chemoradiation was fluorouracil-based, and if
the individual study was conducted after 2010 (38). Thus,
it does appear that optimizing systemic therapy may play a
role in making local control more relevant to survival. The
findings of LAP-07, which did not find a survival benefit to
chemoradiotherapy compared to chemotherapy alone (39),
added to a history of mixed results from studies comparing
chemotherapy to chemoradiotherapy in LAPC, though it
has been criticized for its use of single-agent gemcitabine,
as compared to the multi-agent regimens that have shown
improved outcomes in the metastatic setting (40,41).

In terms of resection after primary treatment for LAPC,
single-institution studies have increasingly demonstrated a
benefit in well selected patients (42-46), which seems to be
in agreement with NCDB data. Both large datasets report
a lower number of surgical resections (10%) compared to
single-institution reports (20-50%). It is unlikely that a
randomized clinical trial will occur, thus the combination of
single institutional data and large database data may be the
only guidance available for these patients.

Criticisms of large datasets

There are many potential criticisms of large aggregated
dataset analyses, which have limited their inclusion in
treatment guidelines. Such criticisms include: lack of
granularity in diagnosis, treatment, and outcomes-related
data compared to properly administered prospective trials,
as well as cross-over between treatment arms that cannot
be accounted for, and concerns over the quality of data
represented. Whereas randomized clinical trials employ
strict and thorough inclusion and exclusion criteria to
rule out interference from other covariates, and crossover
between arms is strictly reported, large datasets lack
such granularity and therefore are subject to significant
confounding.

In any study, confounding is possible through both
known and unknown patient and treatment-related factors.
Known factors can be adjusted for using various statistical
methods, though unknown factors remain limiting.
Unknown factors include patient status at diagnosis, such
as performance status, specific medical comorbidities,
individual socioeconomic status, and treatment intent
(definitive versus palliative). Treatment-related factors
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may lack granularity compared to clinical trials. Finally,
outcomes are difficult to interpret, as commonly used
datasets lack either cause of death (NCDB) and/or local
control data (SEER/NCDB). A commonly cited concern
in comparative effectiveness studies is that overall healthier
patients tend to undergo more aggressive treatments,
and that improved survival seen with more aggressive
treatments may be more of a sign of the patients’ overall
health at diagnosis and tolerance of treatment rather than
the treatment itself.

The majority of the datasets do not track a patient’s
progress through treatment and therefore may not account
for cross-over between arms in comparative effectiveness
studies. This would mostly be relevant in cases with a
treatment sequence question. In LAPC, for example,
patients given induction chemotherapy with the intent
for chemoradiotherapy may develop either a toxicity or
disease progression that disqualified them from receiving
radiotherapy. These patients may comprise a significant
portion of the chemotherapy-only arm, leaving an enriched
patient population in the chemoradiotherapy arm. If the
two are compared statistically, there may be a survival
benefit that persists through advanced statistical techniques-
but would ultimately be secondary to attrition and failure to
account for it.

Concerns over the accuracy of data reporting lead some
to question the validity of aggregated datasets. These
datasets do undergo rigorous electronic automated checks,
which alerts registrars to incomplete or inconsistent data
(6,47). However, disconcerting reports have emerged
showing significant errors within certain datasets. A
recently reported study on thyroid cancer found that up to
40% of thyroid lobectomies were coded incorrectly in the
NCDB (48). Reports like this make it very difficult to hold
large dataset results to the same level as clinical trial data,
where central review of everything from diagnostic measures
(imaging, pathology, cytology, etc.) to the radiotherapy and
systemic treatment plans, is often mandatory and reported
in the dataset.

In addition to concerns over internal validity in
large datasets, external validity may also be questioned.
Though the large size of these datasets does lend power
and theoretically should be representative of a diverse
population, there are often groups that are minimally
represented in certain datasets. In the US, for example,
NCDB datasets are collected from CoC-accredited
facilities, and though 70% of new cancer diagnoses are
captured, there is variable representation across different
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geographic areas and within different sociodemographic
groups, thus potentially limiting applicability to the general
population (47). Data from SEER-Medicare, while
potentially more granular, is representative of only patients
65 and older and thus difficult to extrapolate to younger
populations.

Moving forward

Many of the reported studies in this paper provide an
opportunity to define different populations who may benefit
from an intervention that is currently not clearly standard
of care, though incorporating these studies into prospective
trials and then into clinical practice is still challenging.
Though there are significant, inherent limitations to using
large datasets to define clinical practices, there are options
available to improve these databases for the future so that
comparative effectiveness and other studies may have more
of a role in shaping clinical practice, as opposed to simply
generating clinical trial questions. Performance status at
diagnosis (standardized across reporting centers), specific
medical comorbidities, treatment-related toxicity, disease
progression during treatment, local control, and cause of
death data would be welcome additions to these datasets.
Reasons for not undergoing treatment also could be further
defined and more specific. Regular reporting of quality
assurance data through random sampling of patients within
the dataset matched to their institutional data would relieve
the burden of questionable quality.

Conclusions

The US has recently witnessed a growing number of
comparative effectiveness studies completed with large
datasets. Within their limitations, these studies have
helped elucidate certain best practices in the treatment
of pancreatic cancer. They serve an important role in
hypothesis-generation, demonstrating outcomes across non-
selected populations, and determining effectiveness when
prospective data may be unattainable. When taken together,
and from a distance, certain themes emerge including
the importance of systemic therapy, and the importance
of conformality in radiotherapy, that are consistent with
both single-institution data and clinical trials. In addition,
national and international databases have been valuable in
demonstrating trends in survival and care, and increasingly
for comparative effectiveness.
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