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Abstract

Objectives—Preclinical studies have suggested that non-antineoplastic medication use may
impact pancreatic cancer biology. We examined the association of several medication classes on
pancreatic cancer survival in a large medical claims database.

Methods—Histologically confirmed pancreatic adenocarcinoma diagnosed between 2006 and
2009 were analyzed from the Surveillance, Epidemiology and End Results (SEER)-Medicare
database with available Part D data. Drug use was defined as having two prescriptions filled within
12 months of pancreatic cancer diagnosis. The following medication classes/combinations were
analyzed: beta-blocker, statin, insulin, metformin, thiazolidinedione (TZD), warfarin, heparin,
beta-blocker/statin, metformin/statin and beta-blocker/metformin. Multivariable Cox proportional
hazard models adjusting for age, gender, race, stage at diagnosis, site of cancer, and Charlson
comorbidity index were constructed to test the association between medication classes and overall
survival.

Results—13,702 patients were included in the study; median age 76 years, 42.5% males, 77.1%
white. The most common anatomical site and stage at diagnosis were head of the pancreas
(49.9%) and stage 4 (49.6%) respectively. 94% of patients died in the follow-up period (median
overall survival 5.3 months). Multivariable Cox regression analysis showed that use of beta
blockers, heparin, insulin and warfarin were significantly associated with improved survival
(p<0.05 for each one), whereas metformin, TZD, statin and combination therapies were not.

Conclusions—In this study, use of beta blockers, heparin, insulin and warfarin were associated
with improved survival in patients with pancreatic cancer. Additional studies are needed to
validate these findings in the clinical setting.
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INTRODUCTION

In 2015 there were an estimated 48,960 new cases of pancreatic cancer and 40,560 deaths
from pancreatic cancer in the United States making it the fourth highest cause of cancer-
related deaths [1]. Most patients present with advanced incurable disease and the
effectiveness of current palliative systemic therapy is limited [2, 3]. With a median age of
diagnosis of 71 years, a high proportion of pancreatic cancer patients are elderly, and have
high rates of chronic non-neoplastic comorbid conditions requiring regular medication use
[4]. There is mounting preclinical evidence that medications conventionally used for chronic
non-cancer indications such as diabetes, hypertension, hypercholesterolemia and
thromboembolic disease may have an effect on pancreatic cancer biology, and can
potentially impact cancer outcomes [5-7].

Validating whether these non-cancer medications have effects on pancreatic cancer in
prospective clinical trials is difficult due to resource and time constraints. Availability of
large clinical datasets allows the impact of medications to be evaluated on large numbers of
cancer patients, but institutional cancer registries often do not capture details on individual
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patient medication use[8]. As a result, prior studies assessing the relationship of medication
use and cancer outcome have been limited to small database analysis. Since 2006, Medicare
beneficiaries had the option to obtain outpatient prescription drug benefits under the Part D
program, making Medicare claims files a unique data set to enable such analyses. The aim of
our study was to utilize data available from Part D beneficiaries to assess the impact of
outpatient medications on survival in a large sample of elderly pancreatic cancer patients.

METHODS

We used data from the Surveillance, Epidemiology and End Results (SEER)-Medicare
linked database.[9] The National Cancer Institute’s SEER program contracts with
population-based cancer registries to provide data on all incident cancers cases and their
tumor characteristics. Individuals aged 66 or above, with pancreatic adenocarcinoma and
available Part D data diagnosed between 2006 and 2009 were included (Figure 1). Patients
with primary site of cancer as pancreas were identified; and patients with adenocarcinoma
were selected for using ICD-0-3 histology codes. Cases with non-adenocarcinoma
histology, carcinoma in situ, and diagnosis by autopsy/ death certificate only data were
excluded. Cases with multiple prior cancers were included regardless of the sequence of
pancreatic cancer in relation to other cancers and the number of prior/future cancers. This
study was conducted in accordance with a SEER-Medicare data use agreement, and was
approved by the University of Texas Southwestern Medical Center Institutional Review
Board.

Outcome

The primary end point was overall survival. Overall survival was defined as the time (in
months) from date of pancreatic cancer diagnosis till death from all causes as defined in
SEER files. Due to the high mortality rate of pancreatic cancer this was expected to closely
reflect pancreatic cancer related survival. Patients alive at the cutoff date (February 28,
2012) were censored.

Covariates

Data including date of diagnosis, date of death or last follow-up, demographics (age, gender,
ethnicity), tumor characteristics (site, stage, histology), comorbidities and pancreatic cancer
surgery were extracted from SEER files. Outpatient medication use was assessed from
prescription drug event (PDE) records. PDE files are derived from prescription drug claims
and include prescription fill dates, costs and day’s supply on covered drugs. Drug use was
dichotomized as a yes/ no variable and defined as having two prescriptions of that drug filled
within 12 months of pancreatic cancer diagnosis, till death. Based on available preclinical
and prior clinical reports of effect on pancreatic cancer biology, the following medications
classes were analyzed: beta-blocker, statin, insulin, metformin, thiazolidinediones (TZDs),
warfarin and heparin. As most elderly patients are on multiple drug combinations, the most
commonly occurring combinations were also explored. The Charlson comorbidity score was
obtained from Medicare files [10].
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Statistical Analyses

Descriptive statistics were used to report baseline characteristics of our cohort. Cox
proportional hazards models were constructed to examine the unadjusted and multivariable
adjusted associations between different classes of drugs and OS, and are reported as hazard
ratios (HR) and 95% confidence intervals (Cl). Pancreatic cancer surgery was only included
in the univariate Cox regression, not in multivariable Cox regression since 69.3% of
pancreatic cancer surgery information was missing. After the unadjusted model, models
were adjusted for age, gender, race, stage, site, Charlson comorbidity index and each
medication class. All analyses were performed using SAS version 9.2 (SAS Corporation,
Cary, North Carolina).

RESULTS

There were 13,702 patients that had available Part D data and met inclusion criteria. A study
flowchart is presented in Figure 1. Median age of the cohort was 76 years, 42.5% were
males and 77.1% were white. Head of the pancreas tumors accounted for 49.9% cases, and
61.9% had advanced stage I11/1V disease. At the time of study cutoff, 93.5% of patients had
died. Median overall survival of the cohort was 5.3 months (95% CI 5.1-5.4). Baseline
patient characteristics are summarized in Table 1.

Medications that were most commonly used included beta-blockers (38.0%) followed by
statins, insulin and metformin (Table 2). The most common combination medication use was
beta blocker/statin (18.9%).

On univariate analysis age, race, stage, primary site of the tumor, surgery and Charlson
Comorbidity Index (CCI) score were associated with survival (Table 1) whereas statin and
TZD use were not (Table 2). Among the three combination medication groups tested, beta-
blocker/statin and beta-blocker/metformin were associated with improved survival while
metformin/statin was not in univariate Cox regression analysis. On multivariable Cox
regression analysis, beta-blocker (HR 0.90, 95% CI 0.85-0.95), heparin (HR 0.75, 95% ClI
0.69-0.82), insulin (HR 0.87, 95% CI 0.82-0.92) and warfarin use (HR 0.90, 95% CI 0.85-
0.95) were associated with improved survival (Table 2). Kaplan-Meier curve for overall
survival with insulin use versus no insulin use is presented in Figure 2. Metformin use,
which had a weak association with survival in univariate analysis, was not associated with
survival in multivariate analysis. None of the combination therapies were associated with
pancreatic cancer survival in multivariable models.

DISCUSSION

Our results of a large claims based database of elderly pancreatic cancer patients
demonstrate an association between outpatient medication use and outcome of pancreatic
cancer. This is the first population-based analysis testing the association between multiple
medication use and pancreatic cancer survival. We identified a statistically favorable effect
of use of beta-blockers, heparin, warfarin and insulin while oral anti-diabetes medications
including TZD and metformin, and statins were not associated with survival. There has been
mounting evidence that medications prescribed and intended for management of chronic
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non-cancer conditions have potential biological effect on pancreatic cancer. Understanding
these relationships can allow practitioners to manage medical comorbidities using agents
that can best complement existing cancer therapies.

The immense interest in diabetes medications on pancreatic cancer outcome results from the
high prevalence of a type 2 diabetes mellitus phenotype in these patients (up to 70-80%).
[11, 12] This is believed to be secondary to a marked decline in pancreatic g-cell function
along with profound peripheral insulin resistance. Data regarding the association of diabetes
mellitus and pancreatic cancer survival is conflicting[13, 14] and studies reporting its
association with insulin use are limited[15]. Our group has previously demonstrated
improved survival of pancreatic cancer patients with diabetes mellitus in a large study based
on the Veterans Affairs Central Cancer Registry.[13] However, a recent meta-analysis
demonstrated worse outcomes in pancreatic cancer patients with diabetes mellitus.[14] A
source of further confusion is that pancreatic cancer is associated with both insulin
resistance and hyperinsulinemia (largely type 2 diabetes mellitus) and ultimately endocrine
pancreatic destruction associated with insulin deficiency (type 1 diabetes mellitus).
Interpreting exogenous insulin administration is thus fraught with difficulty. A recent study
has also demonstrated improved survival in pancreatic cancer patients with diabetes mellitus
and non-inferior outcomes in pancreatic cancer patients receiving insulin therapy.[16] We
observed a protective association of insulin use on pancreatic cancer survival. Metformin has
shown potential antitumor activity in cancer through modulation of the AMP-activated
protein kinase (AMPK) pathway, and inhibition of complex 1 of the mitochondrial
respiratory chain and mammalian target of rapamycin (mTOR) signaling [17-19]. Despite
encouraging preclinical rationale, a study on pancreatic cancer patient derived xenografts
(PDX) did not demonstrate an antitumor effect or metformin[20]. Retrospective studies
suggested metformin improved pancreatic cancer survival [6, 21, 22] but these findings were
not validated in a prospective randomized phase 2 study which did not reveal an impact of
metformin on clinical outcomes in pancreatic cancer[23]. TZDs are high affinity ligands for
the nuclear receptor, peroxisome proliferator-activated receptor gamma (PPARYy). PPARY is
commonly up-regulated in pancreatic cancer and preclinical studies have shown PPARy
agonists can potentiate the effect of chemotherapy on pancreatic cancer cell lines and
xenograft model [24-26]. Our analysis did not support a survival benefit of oral diabetes
medications (metformin and TZDs).

Warfarin imparts its anticoagulant activity through vitamin K antagonism by inhibiting the
formation of the biologically active, gamma carboxylated coagulation factors[27]. Growth
arrest-specific gene 6 (gas6) is a member of the plasma vitamin K dependent protein family,
similar to the plasma anticoagulant protein S, and functions as a ligand to the Axl pathway.
Activation of the AxI receptor tyrosine kinase pathway has been associated with tumor
progression and metastasis[28, 29]. Inhibitors to AxI are an emerging class of small
molecules currently in early phase clinical development in oncology[30]. Preclinical studies
have demonstrated that inhibition of gasé reduced Axl signaling leads to subsequently
reduced pancreatic cancer tumor cell migration, invasiveness and proliferation, while
increasing apoptosis and sensitivity to chemotherapy[31]. This effect has been seen in
retrospective analysis which demonstrated low dose warfarin improved pancreatic cancer
survival, regardless of the type of chemotherapy received and was attributed to the potential
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of warfarin in prevention of thromboembolic events[32]. A retrospective study of low
molecular weight heparin (LMWH) has also shown a survival benefit in patients with
metastatic pancreatic cancer receiving LMWH as opposed to those who did not[33]. A
Cochrane review on the effect of parenteral blood thinners on cancer outcome assessed 15
trials spanning 7622 patients with multiple tumor types including non-small cell lung cancer,
small cell lung cancer and pancreatic cancer[5]. This analysis demonstrated a small
improvement of parenteral anticoagulants (including unfractionated heparin and LMWH) on
mortality across tumor types. A similar analysis of seven studies of oral anticoagulant (6 on
warfarin) composed of a total of 1539 patients with multiple cancers did not show an effect
of therapy on cancer outcome[34]. The effect of warfarin on cancer survival is of particular
interest due to the high rate of venous thromboembolic (VTE) events in pancreatic cancer,
and the traditional preference towards LMWH for management of cancer-associated VTE.
Given these study findings, the optimal anticoagulant therapy in pancreatic cancer patients
warrants further study.

Beta-adrenergic signaling increases pancreatic cancer progression and invasion while
pharmacologic blockade of beta-adrenergic signaling stopped tumor invasion in preclinical
orthotopic model of pancreatic cancer[35, 36]. A favorable effect was not observed in a
population based retrospective cohort of multiple cancers, but notably only a small
proportion of patients in this study had pancreatic cancer[7]. We did observe a survival
benefit with beta-blocker use

Preclinical evidence suggests that statins have anti-neoplastic properties by inhibiting cell
proliferation, and inducing apoptosis[37]. Statin use has been associated with improved
survival in several other cancers[38]. However, like our study, a previous large population
based study also did not find an overall protective benefit of statin use in patients with
pancreatic cancer[39], although certain subgroups (statin-naive prior to diagnosis, early
stage disease, those undergoing surgery) did have improved survival in that study. Biological
tumor differences may explain these results; it is known that tumor subtypes respond
differently to therapy[40]. Metformin and statin use combined, was also not associated with
improved survival in our study. Due to lack of detailed information on medication use (pre
vs post-diagnosis), dose, duration and potential for lag-time effect where medication use
takes time to establish its protective efficacy (especially in post-diagnosis use in patients
with pancreatic cancer who had median survival of 5.3 months), these results should be
interpreted with caution.

Strengths of the study include a large nationally representative sample and detailed
information on prescriptions. Our study population comprised exclusively of elderly
pancreatic cancer patients; although the Medicare database only includes patient >65 years
of age, the median age of pancreatic cancer diagnosis in our study and the US population
were similar, and our cohort is expected to represent a large proportion of real world
patients. Limitations of this study reflect those inherent to the use of a claims database,
where there is lack of information on whether patients actually took the prescribed
medications and its retrospective nature. Part D enrollees historically may be less healthy
than non-Part D enrollees[41]. As Medicare beneficiaries were not mandated to acquire their
outpatient medications through Part D, a proportion of SEER-Medicare cases who were not
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Part D enrollees were excluded from this analysis. Also for patients who were enrolled in the
Part D program we were not able to account for over the counter medications (aspirin,
acetaminophen, vitamins) or medications which may have been purchased out of the Part D
program. Patients labeled as ‘medication-non-users’ may be taking other medications of
similar/ different mechanism of action, which may affect the analysis of user vs non-user on
pancreatic cancer survival. Medication non-users may also lack the indication for that
medication lending itself to unmeasured confounding. Information of pancreatic cancer
surgery was missing in a majority of patients and it was not included in the multivariable
analysis. The advancement of pancreatic cancer directed therapy since 2009 (the last year
included in our study) including refinements in surgical techniques and approval of abraxane
in 2013 may affect the validity of our findings. A dose-response relationship would add
strength to the associations found in the study.

Evaluating the impact of concurrent medications on cancer outcome is an area of intense
clinical interest due to the high rate of concurrent medication use in pancreatic cancer
patients. Prospective trials to evaluate these associations may help answer mechanism of
action questions but larger randomized controlled studies are not feasible due to limitations
in resources and multiple types of medications and the possible combinations. The
availability of large databases such as SEER-Medicare allows researchers to analyze real
world effects of medications in a manner not possible in the past. Analysis such as this help
in adding to the body of evidence and can be readily applied in clinic to help guide clinical
practice.
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Flow Diagram for Inclusion of Patients Diagnosed with Primary Pancreatic Adenocarcinoma

in SEER Medicare
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Clinical and demographic characteristics of sample, with univariate analysis describing the hazard ratio for

overall survival

Baseline Characteristic Value HR (95% CI) P value
Ageat diagnosis, years 76.1(9.2) 1.03 (1.03-1.03) | <.0001
Race

White 10,545 (77.1%) | Reference 0.0436
Others 3137(22.9%) 1.04 (1.00-1.08)

Sex

Male 5820 (42.5) Reference 0.3718
Female 7882(57.5%) 1.02 (0.98-1.05)

Year of diagnosis

Diagnosis 2006 1459 (10.7) Reference <.0001
Diagnosis 2007 3827 (27.9) 1.95 (1.83-2.08)

Diagnosis 2008 4180 (30.5) 1.93 (1.81-2.05)

Diagnosis 2009 4236 (30.9) 1.89 (1.77-2.01)

Stage at diagnosis

Stage /11 4261 (38.1) Reference <.0001
Stage H1/1V 6914 (61.9) 2.49 (2.39-2.59)

Primary site

Head of pancreas 6842 (49.9) Reference <.0001
Other 6860 (50.1) 1.34 (1.30-1.39)
Pancreatic cancer surgery

Pancreatic cancer surgery 400 (69.3%) 0.74 (0.62-0.88) | 0.001
No pancreatic cancer surgery | 177(30.7%) Reference

HR (95% CI) - hazard ratio (95% confidence interval)
Data are number (%) of patients or median (standard deviation) unless otherwise indicated. Percentages are excluding ‘missing data’.

P-value based on univariate Cox regression analysis
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Cox proportional hazard models of medication use and overall survival in patients with pancreatic cancer

Medication class

Number (%) of patients

Model 1*
HR (95% CI)

Model 2**
HR (95% CI)

Individual medication class

Beta-blocker

5209 (38.0%)

0.92 (0.88, 0.95)

0.90 (0.85,0.95)

Statin 4720 (35.5%) 0.96 (0.93, 1.00) | 0.98 (0.92, 1.04)
Insulin 2319 (16.9%) 0.79 (0.75, 0.82) | 0.87(0.82, 0.92)
Metformin 2277 (16.6%) 0.94 (0.89, 0.98) | 1.02 (0.93, 1.11)
Thiazolidinedione 1037 (7.6%) 1.03 (0.97, 1.10) | 1.08 (1.00, 1.17)
Warfarin 1857 (13.6) 0.88 (0.83, 0.92) | 0.90 (0.85, 0.95)
Heparin 746 (5.4%) 0.75 (0.70, 0.81) | 0.75 (0.69, 0.82)
Combination drug class

Beta-blocker/statin 2590 (18.9) 0.93 (0.89, 0.98) | 1.05(0.97, 1.15)
Metformin/statin 1255 (9.2%) 0.95 (0.89, 1.01) | 1.00 (0.90, 1.11)

Beta-blocker/metformin

1094 (8.0%)

0.90 (0.84, 0.96)

0.99 (0.89, 1.10)

HR (95% CIl) - hazard ratio (95% confidence interval)

*
Model 1- univariate Cox regression analysis

Hok

Model 2- multivariable Cox regression analysis adjusting for age, gender, race, stage, site, and Charlson comorbidity index
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