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Abstract

Background and Objective—Pancreatic resection is the standard therapy for patients with
stage I/1l pancreatic ductal adenocarcinoma (PDA), yet many studies demonstrate low rates of
resection. The objective of this study is to evaluate whether increasing resection rates would result
in an increase in average survival in patients with stage I/11 PDA.

Methods—SEER data were analyzed for patients with stage 1/11 pancreatic head cancers treated
from 2004-2009. Pancreatectomy rates were examined within Health Service Areas (HSA) across
18 SEER regions. An instrumental variables (1V) analysis was performed, using HSA rates as an
instrument, to determine the impact of increasing resection rates on survival.

Results—Pancreatectomy was performed in 4,322 of the 8,323 patients evaluated with stage I/11
PDA (overall resection rate=51.9%). The resection rate across HSAs ranged from an average of
38.6% in the lowest quintile to 67.3% in the highest quintile. Median survival was improved in
HSAs with higher resection rates. 1V analysis revealed that, for patients whose treatment choices
were influenced by the rates of resection in their geographic region, pancreatectomy was
associated with a statistically significant increase in overall survival.
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Conclusions—When controlling for confounders using IV analysis, pancreatectomy is
associated with a statistically significant increase in survival for patients with resectable PDA.
Based on these results, if resection rates were to increase in select patients, then average survival
would also be expected to increase. It is important that this information be provided to physicians
and patients so they can properly weigh the risks and advantages of pancreatectomy as treatment
for PDA.
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INTRODUCTION

Pancreatectomy is the only known curative treatment option for patients with pancreatic
ductal adenocarcinoma (PDA),%2 and numerous studies have demonstrated that resection is
associated with longer survival.>~" To date, only one prospective randomized study has been
performed comparing pancreatic resection to chemoradiation, and this study showed a small
but statistically significant increase in survival in resected patients.® Based on the data
published to date, pancreatic resection is the treatment of choice for patients with American
Joint Committee on Cancer® (AJCC) stage | and 11 (localized and resectable) PDA as
outlined by the National Comprehensive Cancer Network.10 Given the clear relationship
with improved survival, it is surprising that resection rates are low for patients who,
according to clinical disease stage, should be appropriate operative candidates. Published
resection rates for patients with localized and/or locoregional PDA range from 27% to
36%.311.12 From these data, it is tempting to conclude that surgery is underutilized for PDA
patients with resectable disease. The reason for this apparent underutilization is unclear. It
may stem from 1) the uniformly poor outcome associated with the biology of the disease
(i.e., nihilism) and 2) the magnitude of the operation and the expertise required to perform a
pancreatectomy.13

Bilimoria and colleagues first reported that 40% of patients with stage | PDA were ‘not
offered surgery’, and less than 30% actually had a pancreatectomy.11 Many explanations for
the seemingly low rate of resection have been proposed including advanced age, prohibitive
comorbidities, pancreatic head tumors, and the hospital where the patient is being
treated.*11 This low percentage may reflect that pancreatectomies are already being
performed on those patients who have the greatest potential to benefit from the procedure. If
the best candidates for resection are already identified, then raising pancreatectomy rates
will not necessarily improve average survival rates—it will simply lead to increased
operative morbidity and mortality without a demonstrable impact on overall survival.

The objective of this study was to examine whether increasing pancreatectomy rates would
impact overall survival for patients with pancreatic head tumors (i.e., patients who would
require pancreaticoduodenectomy). To do this, we employed an instrumental variable (1V)
analysis to examine variation in outcomes across geographical areas that differ in resection
rates.14-18 This analysis technique is theorized to control for potential unmeasured
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confounders in treatment decision making by estimating treatment effects using only the
variation in treatment choices determined by a “natural experiment” related to the
instrument.16:19-21 For the purposes of this study, we utilized Health Service Area (HSA)
rates as our instrument. This study is designed to test the hypothesis increasing
pancreatectomy rates would be associated with an increase in survival in patients with stage
I/11 PDA. The inferences made from this analysis pertain to “marginal” patients: those
patients for whom the decision to have an operation is affected by the resection rate in their
area of residence.18.19 There are likely patients who are “always treated” and those that are
“never treated” and the remaining marginal patients reflect those whose treatment choice for
pancreatectomy is less certain and may be subject to beliefs, preferences, or practice styles
of physicians in their HSA—these are the patients to whom our IV estimates apply.

PATIENTS AND METHODS

The study cohort was developed from the Surveillance, Epidemiology, and End Results
(SEER) program’s 2012 Research Data release.1? The SEER program comprises 18
surveillance programs across the United States that identify, document, and follow-up
cancer cases in their respective geographic areas and cover 28% of the population.1® SEER
programs document clinical tumor characteristics, demographic variables, and first course of
treatment including pancreatic resection.

Included patients were diagnosed between 2004 and 2009 at age 40 years or older with stage
I/11 adenocarcinoma of the pancreatic head (ICD-O-3 Code: C25.0, malignant neoplasm of
the head of the pancreas; histology codes included were M8140, M8500, M8010, M8000,
M8480, M8481, M8490, M8255, M8021, M8020, M8521, M8141, M8022, M8144).10
Tumor, node, and metastasis stage was derived by SEER using collaborative staging fields
in accordance with AJCC stage version 6.2 In order to focus on patients who were likely to
be candidates fit for resection, only patients that had survived at least 3 months follow-up
after their date of diagnosis were included. Those diagnosed at autopsy or by death
certificate were excluded. Known race and resection status were required. Due to tumor
location being in the pancreatic head, this data set is meant to include patients who would
require pancreaticoduodenectomy.

SEER data were linked to county-level data from the 2000 United States Census to obtain
group-level measures of education and other socioeconomic indicators.10 HSA definitions
were also linked to the SEER data by county of residence, allowing the patients to be
organized into these contiguous clusters of counties that correspond to geographical markets
for health care. There are 3,217 HSAs in the United States. We used the National Cancer
Institute modification which defines the Health Services Areas within specific SEER
catchment areas.10

Pancreatectomy rates were divided into quintiles based on the percentage of patients
residing within each Health Service Area (HSA) who underwent pancreatectomy (increasing
from Quintile 1, the lowest rate of resection, to Quintile 5, the highest rate of resection).
Associations between HSA pancreatectomy rates and clinicopathologic and treatment-
related variables were analyzed. Tests of association were performed with Pearson chi-
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square tests. Survival probabilities were estimated and plotted with the methods of Kaplan-
Meier.22

Instrumental Variable Analysis

The primary analysis employed an instrumental variable (V) approach. IV techniques
generate an estimate of treatment effectiveness for marginal patients, the subset of the
population whose choice of treatment was influenced by a specified instrumental variable —
in this case, geographic variation in resection rates.1#:23-25 The minimal assumptions of the
analysis are that the IV is related to treatment choice but unrelated to survival or other
unmeasured variables related to survival, independent of treatment.18:19 To the extent that
these conditions are satisfied, this comparison balances potential confounders and simulates
a design in which patients are essentially randomized to treatment/no treatment conditions.26

For the purposes of this study, variation in treatment rates across geography was employed
as the 1V, a variable that has been used successfully by other researchers.21:27 Specifically,
overall survival (i.e., time between cancer diagnosis and death from any cause) was
examined as a function of resection receipt, using HSA resection rates as an instrument. This
was performed using two methods: (1) a traditional linear two-stage least squares (2SLS)
method which is commonly used in 1V analyses,17:18:24.28-30 and (2) a nonlinear two-stage
residual inclusion (2SRI) method. The 2SRI method has been shown to have positive
properties when estimating treatment effects using nonlinear regression methods.3132 In this
study, the first-stage treatment choice model of the 2SRI approach was estimated using a
linear specification, and the outcome survival model was estimated by Cox proportional
hazards regression. In each 1V method, the effect of pancreatic resection on survival time
was predicted using continuous HSA resection rates as the V27 and controlling for other
covariates (age at diagnosis, gender, race, marital status, AJCC stage, and county-level
measures of poverty and education in both first- and second-stage models.

These IV methods yield a measure of treatment effectiveness for marginal patients, those
patients for whom the decision to have a resection is affected by the location in which they
live.1823 These may be the patients for whom the benefits of resection are less certain where
physicians may be “sorting” patients into treatments based on expected gains or
effectiveness of the given treatment. This is based on two observations: 1) excellent
operative candidates for pancreatic resection will usually have an operation irrespective of
where they live, and 2) poor operative candidates will rarely have an operation no matter
where they live (Figure 1). The decision to treat these two subgroups is generally not
sensitive to changes in HSA rates of resection. Marginal patients, however, are those
patients who are more likely to have their treatment choice affected by local area
preferences or beliefs and therefore more likely perhaps to have an operation if they live in
an area with a high rate of resection. These are the patients whom are likely to be most
affected if efforts to increase pancreatectomy rates are successful. The IV analysis thus
provides an estimate of treatment effectiveness that applies to this group of patients whose
treatment choice was determined by the resection rates of the area, which makes it an ideal
tool to evaluate the hypothesis.23
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All statistical tests were two-sided and assessed for significance at the 5% level. STATA
(StataCorp, LP, College Station, TX, USA) was used for the IV analysis, and SAS version
9.3 was used for all other analyses (SAS Institute Inc., Cary NC, USA).

RESULTS

There were 8,323 patients who met criteria for analysis. Summary statistics for the
demographics and clinicopathologic variables of patients treated with and without
pancreatectomy are shown in Table 1. Pancreatectomy was performed in 4,322 patients
(overall resection rate = 51.9%). This included 476/1,454 (32.7%) Stage |A/IB patients and
3,846/6,869 (56.0%) stage 11A/B patients.

Pancreatectomy rates vary considerably over several demographic variables including
gender, race, age, and marital status. There was also a difference when patients were
analyzed by AJCC stage, where patients treated with resection appear to have more precise
subgroup staging based on pathologic tumor size and nodal status. Patients who had a
pancreatectomy also more often received radiation as part of their treatment. These findings
highlight that there are notable patient-specific differences between patients who did and did
not receive a pancreatectomy.

Patients were divided into quintiles based on the percentage of patients within each Health
Service Area (HSA) who underwent pancreatectomy (Figure 2). The corresponding average
HSA pancreatectomy rates for the five groups increased from an average of 38.6% resected
(Quintile 1) to an average of 67.3% resected (Quintile 5), Table 2. Also shown in Table 2
are the clinicopathologic variables across quintiles. Median survival significantly increased
across quintiles as resection rates increased (11 months in Quintile 1 to 14 months in
Quintile 5 (Table 2 and Figure 3). Age, one of the most important factors in determining
whether patients are offered or receive a pancreatectomy,* was balanced across quintiles as
was gender. Race was significantly related to area resection rate (p<0.001), but did not vary
systematically as resection rates increased across the quintiles. AJCC stage also varied
across quintiles, reflecting that most patients who undergo resection are found to have node
positive disease and T2/T3 tumors. Radiation therapy was also more likely to have been
administered in areas with high resection rates.

Results from nonlinear 2SRI and linear 2SLS regressions are shown in Table 3. Estimates
from Cox proportional hazards models suggest that resection has a statistically significant
protective effect for marginal patients; the hazard ratio associated with receipt of resection is
0.54 (p < 0.001). This relative effect is consistent with absolute treatment effect estimates
using 2SLS. For marginal patients, 2SLS estimates indicate that having an operation was
associated with an average 5.54 month increase (p < 0.001) in overall survival. Age at
diagnosis, sex, marital status, and tumor stage were also associated with survival, along with
two county-level measures of poverty and education. The assumption for whether our
instrument was significantly and non-arbitrarily related to treatment choice was tested using
a Chow test. A Chow test for whether our instrument was significantly related to treatment
choice produced an F-Stat of 274, well above the traditionally accepted threshold of 10.33
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DISCUSSION

Although pancreatic resection is associated with better outcomes for PDA, 12 resection
rates are much lower than expected for patients with localized disease.1! This has been
evaluated using national data and interpreted as an underuse of the therapy, but another
possibility is that resection is simply being performed only on well-selected
patients.#30:34.35 |t js known from large retrospective studies that patients with PDA who
undergo pancreatectomy have significantly improved median survival times (14—24 months)
compared to those who are locally advanced and unresectable (11 months).® Prior studies
have reported a median survival of 8 months in patients with stage | PDA who do not
undergo pancreatic resection.1® In this study, we have demonstrated that having an operation
is associated with a 5.5 month increase in survival (Hazard Ratio for death = 0.54) for
patients whose decision whether to have surgery is influenced by their area resection rate.
These are the patients who are most likely to be affected by efforts to raise resection
rates.19.23 By establishing that patients with stage I/ll PDA have longer average adjusted
survival times when treated with pancreatectomy, we are able to suggest with greater
confidence that efforts to increase resection rates could result in increased survival time for
these patients.

It is important to emphasize that the predicted increase in survival of 5.5 months and
predicted hazard ratio of 0.54 reflect the benefit of resection only for marginal patients —
those for whom receipt of resection was affected by the rates of use in their geographic area.
The effect of resection for the best surgical candidates who are always treated irrespective of
where they live is possibly higher than what we measured for the marginal patient.
Similarly, our results do not indicate that resection is appropriate for all patients; some
patients are clearly poor candidates for pancreaticoduodenectomy and should perhaps never
be treated with this operation.

Our analysis employs an 1V approach that has been useful in addressing similar questions
about treatment effectiveness,16:19.20.26.27 The principle assumptions of these methods are
that the 1Vs used are (1) significantly related to treatment choice, which we confirmed for
our instrument; and (2) unrelated to outcomes or other unmeasured variables related to
outcomes, independent of treatment (which is not directly testable). To the extent that these
assumptions are satisfied, this comparison simulates a design in which patients are
randomized to treatment/no treatment conditions.28 The advantage to this approach is that
potential confounders tend to be controlled by focusing on the marginal patients for whom
treatment choice was, in this case, associated with where they lived. Indeed, we showed that
age at diagnosis, sex, and marital status were balanced across area resection rate quintiles
which supports the validity of our IV. Racial proportions were different across the quintiles,
but the proportions did not change in a systematic way as area resection rate increased.
Although clinical variables such as AJCC stage changed with area resection rates, we
hypothesize that since most patients with PDA who undergo resection have T2/T3 tumors
and node positive disease, that stage migration occurs following resection. This makes it
appear that more patients with stage Il disease have a resection when compared to patients
with stage | disease.36
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We also found that radiation treatment was not balanced across area resection rates; patients
were more likely to receive radiation treatment if they lived in areas with high resection
rates. This is not surprising since radiation therapy is often part of the multidisciplinary
approach following resection for PDA.37 Nonetheless, the close association of the two
treatment modalities makes it difficult to clearly attribute all of the observed survival
improvement to pancreatectomy alone. Alternatively, it may also be interpreted as an effect
of the overall multidisciplinary approach provided to resected patients including adjuvant
chemotherapy and radiation in addition to the operation itself.38

One potential threat to the validity of IV results is if observed variation in rates of resection
across geographic regions is due to characteristics of physicians or health care systems that
may related to quality. For example, if areas with higher resection rates also have higher
quality physicians and hospitals that may affect outcomes for patients, independent of
treatment, then our instrument may not be valid. This assumption is not directly testable.

Nihilism is sometimes mentioned as reason for the perceived barrier to resection for patients
with PDA, and it is important to acknowledge the advances that have been made in recent
years.36:39 We observed an overall resection rate of 51.9%, which is higher than some
previous studies.1! One of the reasons that we observed higher resection rates may be that
we required patients to survive at least 3 months post-diagnosis to be part of the cohort to
exclude very poor surgical candidates. These inclusion criteria resulted in the resection rates
in this study to be comparable to resection rates reported by Bilimoria and colleagues when
they considered only the “best” candidates for resection in their analysis of data from the
National Cancer Data Base in patients with stage | PDA.11

Notably, the Bilimoria study evaluated patients with stage | PDA from 1995 to 2004 using
the National Cancer Data Base and reported an overall resection rate of 28.6%. The current
study evaluated patients from 2004 to 2009 using SEER data and found a resection rate of
32.7% (476/1,454) for Stage IA/IB patients. Therefore it appears that there have not been
significant changes in utilization of pancreatectomy despite there being an increase in the
awareness of this problem. In fact, the large range in average area resection rates in our
study (from an average of 38.6% in the lowest quintile to an average of 67.3% in the
highest) may reflect considerable uncertainty across the United States regarding the benefits
of resection for patients with PDA.

There are limitations to this study. Although indications are that patient-level prognostic
characteristics are well-balanced across areas that differ in resection rates (e.g., age),
specific data on all possible confounders are lacking. The SEER database does not have
information such comorbidities and performance status that are important considerations for
patient selection for pancreatectomy. The database also does not include where patients were
treated (e.g., specialty cancer center) or information on receipt of chemotherapy. The time
from diagnosis to time of treatment is also not available in SEER. If any of these variables
are related to HSA resection rate, then this could impact the interpretation of the data. As
mentioned above, a 3-month cutoff was utilized as inclusion criteria to enrich for strong
surgical candidates. This cutoff may slightly alter our survival results since some immediate
postoperative deaths following pancreatectomy may have occurred prior to three months.
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With postoperative mortality ranging as high as 5% from some centers, survival in the
resected patients group may be slightly higher due to excluding patients who did not survive

at

least 3 months.

Our results indicate that pancreatectomy provides a survival benefit for marginal patients
with stage | and Il PDA. These data suggest that if resection rates were to increase in the
future, average survival may also be expected to increase. It is important that this
information be provided to physicians and patients so they can properly weigh the risks and
advantages of pancreatectomy as treatment for PDA.
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Stage I/ll Pancreatic
Adenocarcinoma

Poor Operative Candidate Excellent Operative Candidate
Unlikely to get an operation Highly likely to have an operation
regardless of residence no matter where they live

Instrumental Variable
Analysis

l

“Marginal Patient”
Choice for an operation
likely to be impacted by geography

Figure 1.
Instrumental Variable Analysis Controls for Unmeasured Confounding to help Determine

the Impact of Raising Pancreatectomy Rates on the Marginal Patient with Pancreatic Cancer.

Ann Surg. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

McDowell et al. Page 12

&
]
O] =
11 HA
T HHH
1 |-
L =
[ It
1 =
\ 1
T
Iy
e
HSA
Pancreatectomy
B Ra_tE [ 1% Quintile P 2"@Quintile I 3™ Quintile @ 4 Quintile B 5' Quintile

Figure2.
Map of the United States Showing Geographic Distribution of Health Service Area

Quintiles. (Quintile 1 = Lowest Rate of Pancreatectomy and Increases to Quintile 5 =
Highest Rate of pancreatectomy)
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Figure 3.
Kaplan-Meier Curve Showing Overall Survival by Health Services Area Quintiles for

Pancreatic Head Adenocarcinoma. (Quintile 1 = Lowest Rate of Pancreatectomy and
Increases to Quintile 5 = Highest Rate of pancreatectomy)
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Comparison of 8,323 Patients with Pancreatic Adenocarcinoma Treated with or without Pancreatectomy

Table 1

Pancr eatectomy
N (%)

Variable No Yes p-value
Sex
Female 2153 (50.30) | 2127 (49.70) | 0.6911
Male 1848 (45.71) | 2195 (54.29) | <.0001
Race
White 3292 (47.36) | 3659 (52.64) | <.0001
Black 441 (53.00) | 391(47.00) | 0.0830
Other® 268 (49.63) | 272(50.37) 0.8633
Ageat Diagnosis
40-49 years 137 (33.33) | 274(66.67) | <.0001
50-59 years 544 (37.60) | 903 (62.40) | <.0001
60-69 years 902 (38.95) | 1414 (61.05) | <.0001
70-79 years 1215 (47.59) | 1338 (52.41) | 0.0149
80+ years 1203 (75.38) | 393 (24.62) <.0001
Marital Status
Married 2180 (44.10) | 2763 (55.90) | <.0001
Single (never married) | 414 (49.17) 428 (50.83) 0.6295
Widowed 934 (62.10) | 570(37.90) | <.0001
Divorced 306 (41.63) | 429 (58.37) | <.0001
Separated 43 (58.11) 31 (41.89) 0.1630
Unknown 124 (55.11) | 101(44.89) | 0.1252
AJCC Stage
Stage 1A 176 (50.14) | 175(49.86) | 0.9574
Stage 1B 802 (72.71) | 301(27.29) | <.0001
Stage 1l NOS 207 (98.10) 4(1.90) <.0001
Stage 1A 1795 (64.02) | 1009 (35.98) | <.0001
Stage 11B 1021 (26.49) | 2833 (73.51) | <.0001
Radiation
No 2641 (52.32) | 2407 (47.68) | 0.0010
Yes 1307 (41.47) | 1845 (58.53) | <.0001

American Indian, Alaska Native, Asian/Pacific Islander
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Table 3

Page 17

Instrumental Variable Analysis of the Impact of HSA Resection Rate on Survival for Patients with Pancreatic

Ductal Adenocarcinoma

2SRI1 1V Model (Cox) 2SLSIV Modd

Variable Hazard 95% | Parameter Estimate 95%

Ratio | Confidence (changein months | Confidence

Interval survived) Interval

Pancreatectomy 0.54°** 0.39,0.75 5.54°** 2.34,8.74
Residual Term 0.68* 0.49, 0.94 N/A N/A
Age 1024** | 101,102 _013"** | -0.17,-0.10
Sex
(ref = Female)
Male 105 | 1.00,1.11 —0.70" | -1.23,-0.17
Race
(ref = White)
Black 1.09 1.00, 1.19 -0.49 -1.37,0.39
Other 0.99 0.89, 1.10 -0.36 -1.40, 0.69
Marital Status
(ref = Married)
Divorced 118 | 108,130 _135** | —2.27,-0.42
Separated 1.29 0.99, 1.69 -1.77 -4.53,1.00
Single 1137 | 1.04,1.24 _116" | —2.05,-0.26
Widowed 1o [ 112,130 _1.28** | —2.05,-0.50
Unknown 1.08 0.92,1.27 -0.79 -2.38,0.80
Tumor Stage
(ref = Stage 1A)
Stage 1B 1a2*** | 1.20,1.68 —241** | —4.00,-0.83
Stage Il NOS 1.80""" 1.40,2.32 —371** | -6.27,-1.14
Stage 11A 1ag™* | 127,172 _o56*** | -3.97,-1.15
Stage 11B 158°** | 1.36,1.84 _3g4™** | -5.25,-2.43
County % Below Poverty 1.00 1.00, 1.01 —0.09"* | —0.15,-0.03
County % Bachelor’s Degree 0.99*** 0.99, 1.00 0.03* 0.0003, 0.07
Model | nter cept N/A N/A 24937 | 20.33,20.53

* kK kkk
’

indicate parameter estimate associated p-value of <0.05, <0.01, <0.001 respectively.
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