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Summary of Corrections 

This revised report describes the corrections to the “intent-to-treat” analyses 
presented in the original report dated 19 December 2012, including the main 
analyses (Tables 4, 5) and the sensitivity analyses (Tables 4a, 4b, 5a, 5b). All 
changes are marked in bold italics. 

The person-time allocation in Tables 4, 4b, 5, and 5b of the original report was 
miscalculated. The person-time was allocated on the basis of a person’s total 
cumulative duration of exenatide use or other antidiabetic drug (OAD) use at the 
end of follow-up, in which a person only contributed his/her person-time to the 
category (duration of follow-up) that he/she ultimately reached, rather than 
contributing person-time to each category of duration of follow-up for which 
he/she qualified.  

To correctly allocate the person-time for the intent-to-treat analyses, we revised 
the analyses presented in Tables 4, 4b, 5, and 5b and classified the person-time 
into categories of 1 to <2 years, �2 years to < 3 years, and �3 years based on time 
since initiation. For each person, his or her experience in the 1 to <2 years of 
follow-up was allocated to that category, with subsequent experience allocated to 
subsequent categories (e.g., �2 years to < 3 years). Thus, some patients 
contributed person-time to different categories of follow-up duration.  

This reallocation of person-time required the rechecking of the covariates for 
imbalance across categories of duration of follow-up and updated covariate data 
are in Tables 1.6.1a, 1.6.1b, 1.6.2a, and 1.6.2b. We revised these tables based on 
the new person-time allocations and found no additional covariates imbalanced 
and the corrected analyses were adjusted for the same covariates as the previous 
analysis. The corrections of Tables 4, 4b, 5 and 5b did not affect the results in the 
overall analyses, but affected the results that were stratified by duration of follow-
up. The corrected results showed that the crude and adjusted hazard ratios 
remained essentially unchanged, but the incidence rates by duration of follow-up 
decreased in categories with less than 2 years duration of follow-up due to the 
increase in person-years and were closer to the overall incidence rate. 

In Tables 4a and 5a for the analysis comparing the risk of cancer outcomes in 
exenatide initiators with initiators of DPP-4 inhibitors/GLP-1 receptor agonists 
only, the original report presented the results based on a subset of cohorts 
without removing patients with baseline use of DPP-4 inhibitors/GLP-1 receptor 
agonists. These patients should have been excluded in the sensitivity analysis. 
The following flow chart shows the steps of excluding patients with baseline use 
of DPP-4 inhibitors/GLP-1 receptor agonist in the exenatide and OAD cohorts. In 
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the corrected analysis, patients in the boxes with underlined texts were compared. 
The results showed only a slight difference after correction.  

In all, the corrections yielded comparable relative estimates of effect and did not 
alter the conclusions of this study, although the estimates of incidence rates in 
categories with short duration of follow-up decreased. 

 
 

Exenatide initiators 

Excluded due to the 
baseline use of DPP-4 
inhibitors/GLP-1 agonists 
in the exenatide cohort 

Excluded due to the 
matching pairs of the 
OAD cohort with baseline 
use of DPP-4 inhibitors 
/GLP-1 agonists  

Exenatide initiators 
excluding DPP-4 
inhibitors/GLP-1 agonists 

Excluded due to the 
matching pairs of the 
OAD cohort with the 
initiation of DPP-4 
inhibitors/GLP-1 agonists  

OAD initiators 

OAD initiators excluding 
DPP-4 inhibitors/GLP-1 
agonists 

Excluded due to the 
baseline use of DPP-4 
inhibitors/GLP-1 agonists 
in the OAD cohort  

Excluded due to the 
initiation of DPP-4 
inhibitors/GLP-1 agonists 
in the OAD cohort  

Excluded due to the 
matching pairs of the 
exenatide cohort with 
baseline use of DPP-4 
inhibitors/GLP-1 agonists  

Propensity score 
matching 
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1. Executive Summary  

This was a retrospective cohort study of pancreatic malignancy and thyroid neoplasm 
involving comparisons of patients who initiated exenatide with patients who initiated 
other antidiabetes drugs (OADs).  The data were derived from health insurance claims 
from the Life Sciences Research Database (LSRD) and the Impact National Benchmark 
Database. Within these 2 databases, patients were accrued from 01 June 2005 through 
31 July 2010 with follow-up extending to 31 December 2010. Patients with baseline 
dispensings for the same drug or drug class that qualified them for entry into the cohort 
were excluded.  Furthermore, those who had claims for pancreatic or thyroid neoplasms 
during the baseline period were also excluded. 

Exenatide initiators were matched in a variable ratio to initiators of OADs using 
propensity scores. Outcomes of interest included pancreatic cancer, thyroid cancer, and 
benign thyroid neoplasm, identified on the basis of algorithms consisting of specific 
patterns of health insurance claims data. The algorithms were validated against a set of 
cases that were initially identified from the claims data and confirmed through medical 
chart review.  Patients were followed for a new occurrence of pancreatic cancer or 
thyroid neoplasm from one-year after drug initiation (i.e., excluding the first year of 
follow-up as a lag period) to the end of follow-up period (31 December 2010) or 
disenrollment of health plan.  

Two approaches were used to estimate the absolute and relative incidence of pancreatic 
cancer and thyroid neoplasm between the study cohorts.  The first, a time-fixed analysis, 
categorized all follow-up time according to the initial exposure status (i.e., the patient’s 
first dispensing).  The second approach involved measuring cumulative dose and 
duration of exenatide exposure.  Incidence rates (IR) and corresponding 95% confidence 
intervals (CIs) in the exenatide cohort, overall, by periods of cumulative dose and 
duration were estimated and contrasted with rates among person-time unexposed to 
exenatide.  

In the final cohorts, the combined databases included 18,932 persons in the matched 
exenatide cohort and 27,691 in the matched OAD cohort.  Baseline characteristics, such 
as gender, age, and year of cohort entry, as well as the occurrence of baseline 
diagnoses, procedures, and medication dispensings were generally balanced between 
the cohorts after matching on the propensity score, though a few variables required 
adjustment in models due to slight remaining imbalances.  

In the LSRD there were 7 cases of pancreatic cancer among the exenatide initiators and 
6 cases of pancreatic cancer in the OAD cohort (Executive Summary Table 1). The 
Impact database had 3 cases of pancreatic cancer in the exenatide cohort and 5 cases 
of pancreatic cancer among patients in the OAD cohort.  In the LSRD, the overall IR was 
0.3 (95% CI: 0.1-0.7) cases of pancreatic cancer per 1,000 person-years among 
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exenatide initiators and 0.2 (95% CI: 0.1-0.4) cases of pancreatic cancer per 1,000 
person-years among OAD initiators (adjusted hazard ratio [HR] 1.4; 95% CI 0.4-4.2. 
Allowing for a 1-year lag, the IRs in both cohorts fluctuated with duration of 
follow-up due to few cases from which to draw inference.  Similar IR results were 
found in the Impact database; however, the outcomes were sparser.   

 
Executive Summary Table 1 (Report Table 4). Incidence of Algorithm-identified Pancreatic 
Cancer Among Exenatide Initiators and Other Antidiabetes Drug Initiators (Overall and by 
Follow-Up Since Treatment Initiation)----Time-Fixed Analysis (Excluding People with Baseline 
DPP-4 Inhibitors/GLP-1 Receptor Agonist Use and/or Events and Person-time in the First Year 
after Drug Initiation) 

Variables Events Person-
years IR 95% Cl Unadjusted+ Adjusted* 

HR 95% CI HR 95% CI 
Life Sciences Research Database 

Overall‡         
   Exenatide 7 20,300.2 0.3 (0.1 - 0.7) 1.5 (0.5 - 4.6) 1.4 (0.4 - 4.2) 
   OADs 6 29,865.6 0.2 (0.1 - 0.4) Ref.  Ref.  
1 to <2 years         
   Exenatide 4 9,691.9 0.4 (0.1 - 1.1) 1.2 (0.3 - 4.9) 1.1 (0.3 - 4.4) 
   OADs 4 14,033.3 0.3 (0.1 - 0.7) Ref.  Ref.  
�2 years to 
<3 years 

        

   Exenatide 0 6,151.2 0.0 (0.0 - 0.5) NC  NC  
   OADs 1 8,774.6 0.1 (0.0 - 0.6) Ref.  Ref.   
�3 years         
   Exenatide 3 4,457.1 0.7 (0.1 - 2.0) 5.1 (0.5 - 51.2) 6.0 (0.5 - 66.7) 
   OADs 1 7,057.7 0.1 (0.0 - 0.8) Ref.  Ref.  

Impact National Benchmark Database 
Overall‡   
   Exenatide 3 11,527.9 0.3 (0.1 - 0.8) 0.8 (0.2 - 3.4) 0.8 (0.2 - 3.6) 
   OADs 5 16,577.4 0.3 (0.1 - 0.7) Ref.  Ref.  
1 to <2 years         
   Exenatide 0 5,654.2 0.0 (0.0 - 0.5) NC  NC  
   OADs 4 8,147.3 0.5 (0.1 - 1.3) Ref.  Ref.  
�2 years to 
<3 years 

        

   Exenatide 3 3,494.1 0.9 (0.2 - 2.5) NC  NC  
   OADs 0 4,923.5 0.0 (0.0 - 0.6) Ref.  Ref.  
�3 years         
   Exenatide 0 2,379.7 0.0 (0.0 - 1.3) NC  NC  
   OADs 1 3,506.5 0.3 (0.0 - 1.6) Ref.  Ref.  
Abbreviations: IR=Incidence rate per 1,000 person-years; HR= Hazard ratio; Ref.=Reference; NC= Not 
calculable. 
Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-
sulfonylureas, pramlintide, alpha-glucosidase inhibitors, and insulins.  
 +The unadjusted models are based on the propensity score matched cohorts, but do not adjust for any 
other variables. 
*Adjusted for imbalanced variables, including cohort initiation in 2006, metformin, sulfonylureas, and/or 
thiazolidinediones use during the baseline period, number diabetes drug dispensings, days from the 
start of the initiation period until initiation date, and number of drugs dispensed.  
‡The duration here is the time since one-year post drug initiation 
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In the LSRD, there were 8 cases of thyroid cancer among the exenatide initiators and 7 
cases of the same cancer among the OAD initiators (Executive Summary Table 2).  The 
Impact database also had 8 thyroid cases in the exenatide cohort, and 9 thyroid cases 
among the OAD initiators.  In the LSRD, the overall IR for thyroid cancer among 
exenatide initiators was 0.4 (95% CI: 0.2 – 0.8) per 1,000 person-years and 0.2 (95% CI: 
0.1 – 0.5) per 1,000 person-years among OAD initiators.  The overall, unadjusted HR of 
thyroid cancer among exenatide initiators compared to OAD initiators was 1.8 (95% CI: 
0.6 – 5.0) and the adjusted HR was 2.0 (95% CI: 0.7 – 5.6). When stratified across 
follow-up, the IRs in both cohorts fluctuated.  Similar results were found in the 
Impact database.
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Executive Summary Table 2 (Report Table 5). Incidence of Algorithm-identified Thyroid Cancer 
among Exenatide Initiators and Other Antidiabetes Drug Initiators (Overall and by Follow-Up 
Since Treatment Initiation)----Time-Fixed Analysis (Excluding People with Baseline DPP-4 
Inhibitors/GLP-1 Receptor Agonist Use and/or Events and Person-time in the First Year after 
Drug Initiation) 

Events Person-
years IR 95% CI 

Unadjusted+ Adjusted* 
HR 95% CI HR 95% CI 

Life Sciences Research Database 

Overall‡         

   Exenatide 8 20,288.7 0.4 (0.2 - 0.8) 1.8 (0.6 - 5.0) 2.0 (0.7 - 5.6) 
   OADs 7 29,856.5 0.2 (0.1 - 0.5) Ref.  Ref.  
1 to <2 years         
   Exenatide 3 9,693.2 0.3 (0.1 - 0.9) 1.0 (0.2 - 4.7) 1.1 (0.2 - 5.1) 
   OADs 4 14,030.0 0.3 (0.1 - 0.7) Ref.  Ref.  
�2 years to <3 
years 

        

   Exenatide 3 6,146.6 0.5 (0.1 - 1.4) 2.5 (0.4 - 15.6) 2.7 (0.4 - 17.7) 
   OADs 2 8,770.9 0.2 (0.0 - 0.8) Ref.  Ref.  
�3 years         
   Exenatide 2 4,449.0 0.4 (0.1 - 1.6) 3.6 (0.3 - 41.3) 3.7 (0.3 - 43.7) 
   OADs 1 7,055.6 0.1 (0.0 - 0.8) Ref.  Ref.  

Impact National Benchmark Database 
Overall‡         

   Exenatide 8 11,515.5 0.7 (0.3 - 1.4) 1.3 (0.5 - 3.3) 1.3 (0.5 - 3.4) 
   OADs 9 16,556.1 0.5 (0.2 - 1.0) Ref.  Ref.  
1 to <2 years         
   Exenatide 3 5,648.5 0.5 (0.1 - 1.6) 0.6 (0.2 - 2.4) 0.6 (0.2 - 2.5) 
   OADs 7 8,141.5 0.9 (0.3 - 1.8) Ref.  Ref.  
�2 years to 
<3 years 

        

   Exenatide 3 3,490.2 0.9 (0.2 - 2.5) 1.9 (0.3 - 11.7) 1.9 (0.3 - 12.0) 
   OADs 2 4,916.3 0.4 (0.0 - 1.5) Ref.  Ref.  
�3 years         
   Exenatide 2 2,376.9 0.8 (0.1 - 3.0) NC  NC  

   OADs 0 3,498.3 0.0 (0.0 - 0.9) Ref.  Ref.  
Abbreviations: IR=Incidence rate per 1,000 person-years; HR= Hazard ratio; Ref.=Reference; NC= Not 
calculable.  
Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-
sulfonylureas, pramlintide, alpha-glucosidase inhibitors, and insulins.  
 +The unadjusted models are based on the propensity score matched cohorts, but do not adjust for any 
other variables. 
*Adjusted for imbalanced variables, including South census region, cohort initiation in 2005, metformin, 
sulfonylureas, and/or thiazolidinediones use during the baseline period, and number of drugs dispensed 
‡The duration here is the time since one-year post drug initiation 
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In the analysis of cumulative exposure in the LSRD, there were no clear trends in the 
IRs of pancreatic cancer when assessing increasing cumulative exenatide exposure, 
and the 95% CIs were overlapping.  Furthermore, compared to non-use, there were no 
clear trends among the relative risks (RRs) for pancreatic cancer with longer cumulative 
use of exenatide.  In analyses adjusting for imbalanced covariates between cohorts 
following propensity score matching, the RRs were slightly closer to the null.  There were 
fewer cases of pancreatic cancer in the Impact database, making the results more 
difficult to interpret.   

When examining the effect of cumulative exenatide use compared to non-use on the 
incidence of thyroid cancer there was no clear trend in the IRs and RRs with longer 
exenatide use in the LSRD and Impact database. 

These analyses do not support or refute the presence of an increased incidence of 
pancreatic or thyroid cancers among exenatide initiators when compared to other 
antidiabetes drug initiators.  There were differences in the direction and strength of point 
estimates between the two databases.  Determining the underlying reasons (e.g., 
chance, unmeasured confounding, detection bias, and/or protopathic bias) for variability 
is challenging given the small number of outcomes.   

2. Introduction 

Diabetes is a major public health concern globally and especially in the US.  According 
to the US Centers for Disease Control and Prevention, over 23 million people in the US 
have diabetes1. Type 2 diabetes (T2D) accounts for 90-95% of diagnosed cases of 
diabetes and is associated with older age, obesity, family history of diabetes, gestational 
diabetes, impaired glucose metabolism, physical inactivity, and certain ethnic groups 
such as African Americans, Hispanics, and American Indians.  Diabetes is a leading 
cause of blindness, end-stage renal disease and non-traumatic lower limb amputation, 
and is a major risk factor for coronary artery disease and stroke 2. Interventions that 
improve glycemic control reduce microvascular complications involving the eyes, 
kidneys and nerves, and may reduce macrovascular complications such as myocardial 
infarction3.  

Many of the traditional diabetes medications (such as sulfonylureas [SU], metformin, �-
glucosidase inhibitors, thiazolidinediones [TZDs], and insulin) lower blood glucose, but 
they may also cause hypoglycemia, gastrointestinal symptoms, or weight gain.  The 
American Diabetes Association recommends a hemoglobin A1c goal of less than 7%, 
but many patients with diabetes are unable to achieve this goal by using combinations of 
drugs, diet, and exercise.  Most patients with T2D will eventually require combination 
therapy to maintain glycemic control.  Several newer treatments have been developed 
that provide valuable alternatives to improve long-term glycemic control for T2D 4. 
Exenatide is one of the newer treatment alternatives available (initially approved by the 
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Food and Drug Administration on 28 April 2005).  Exenatide is a glucagon-like peptide-1 
(GLP-1) receptor agonist that enhances glucose-dependent insulin secretion by 
pancreatic beta cells, suppresses inappropriately elevated glucagon secretion, and 
slows gastric emptying.  The drug is delivered via injection in twice-daily or extended 
release (i.e., once-per-week) formulations. 

Review of recent data on the newer antidiabetes agents has noted signals of pancreatitis 
and pancreatic and thyroid malignancies with GLP-1 receptor agonists.  Acute 
pancreatitis has been reported as a rare adverse effect of exenatide therapy principally 
though passive post-marketing surveillance; however, this association was not 
supported by recent pharmacoepidemiologic studies 5-7. Liraglutide, another GLP-1 
receptor agonist, was found to increase the risk of benign C-cell hyperplasia in rodents 
exposed to doses similar to approved doses for humans.  However, rodents receiving 
doses 8 times above approved levels were more likely to develop malignant C-cell 
carcinomas, leading to concern about the occurrence of medullary thyroid cancer (MTC), 
a C-cell cancer that produces excessive calcitonin, in humans receiving GLP-1 receptor 
agonist therapy 8.   

Indeed, in rodent toxicology studies, C-cell hyperplasia and C-cell carcinoma (the rodent 
equivalent of human MTC) were detected within animals exposed to the long-acting 
GLP-1 receptor agonist class (e.g., liraglutide and exenatide once weekly).  A GLP-1 
receptor-mediated mode of action has been proposed with respect to carcinogenicity in 
the rodent thyroid 9.  In the thyroid of various species, including rodents, monkeys, and 
humans, GLP-1 receptors are expressed only on C-cells, and not on other thyroid cell 
types 10.  Accordingly, across multiple preclinical studies of all GLP-1 receptor agonists 
in rodents, which included near-lifetime treatment with high doses, there was no 
evidence of an increase in thyroid tumors of cell types other than C-cells. 

Data, both from clinical studies (approximately 4,300 patient-years of exposure) and 
post-marketing exposure (approximately 2.2 million patient-years), have shown no 
evidence for an increased risk of thyroid malignancy in general; no cases of medullary 
thyroid cancer have been reported with either exenatide formulation.  In primates, there 
is no detectable stimulation of calcitonin release by GLP-1 receptor activation.  
Calcitonin concentrations were not elevated in human subjects with diabetes following 
up to 2 years of clinical exposure to liraglutide or exenatide once-weekly.   

This study aims to clarify these conflicting data by estimating the association between 
exenatide use and the occurrence of pancreatic cancer and thyroid neoplasm.  

3. Objectives 

The objectives of this study were to estimate the absolute and relative incidence of 
claims-based algorithm-identified pancreatic cancer and thyroid neoplasm (including 
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benign and malignant thyroid neoplasm) among exenatide initiators relative to initiators 
of other antidiabetic drugs (OADs). 

3.1. Primary Objectives 

 To estimate the absolute and relative incidence of newly diagnosed 
pancreatic cancer among initiators of exenatide compared to matched 
initiators of OADs, overall and by duration of follow-up and drug 
exposure—assessing events one-year after drug initiation. 

 To estimate the absolute and relative incidence of newly diagnosed 
thyroid cancer among initiators of exenatide compared to matched 
initiators of OADs, overall and by duration of follow-up and drug 
exposure—assessing events one-year after drug initiation. 

3.2. Secondary Objectives 

 To estimate the absolute incidence of benign thyroid neoplasm, MTC and 
non-MTC neoplasms in initiators of exenatide and OADs—assessing 
events one-year after drug initiation. 

4.   Methods 

This was a retrospective cohort study designed to compare the incidence of pancreatic 
malignancy and thyroid neoplasm among initiators of exenatide and among initiators of 
OADs.  The exposure group (exenatide cohort) was matched to the comparison group 
(OAD cohort) using propensity scores.  Each outcome was identified by an algorithm 
developed using claims data.  The primary analyses included a time-fixed analysis for 
pancreatic cancer and thyroid cancer, in which the follow-up time was categorized 
according to the initial exposure status.  The secondary analyses included the time-fixed 
analytic approach for the subgroups of thyroid neoplasm (MTC, non-MTC, and benign 
thyroid neoplasm) and analyses of cumulative exposure for pancreatic cancer and 
thyroid cancer that categorized person-time based on the cumulative dose or duration of 
exenatide use.  Additionally, sensitivity analyses were conducted to evaluate the effect 
of residual confounding on the main study results, and evaluate the presence of 
detection bias.  

4.1. Data Sources 

The data sources included person-identifiable and de-identified health insurance claims 
data from the Life Sciences Research Database (LSRD, formerly Normative Health 
Information) and de-identified claims data from the Impact National Benchmark 
Database.  The LSRD contains eligibility, pharmacy claims, and medical claims data 
from a large US health plan affiliated with OptumInsight.  In 2011, there were 12.7 million 
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members with enrollment, medical and pharmacy claims.  The individuals covered by 
this health plan are geographically diverse across the United States.  The age and 
gender distribution of the LSRD population approximates that of the US population for all 
age categories through 64 years.  For persons aged 65 years or older, the LSRD 
database has proportionately fewer members than does the US population.  In this 
database, we combined the patient-identifiable population with the de-identified 
population to increase the sample size. 

The Impact database contains comprehensive, de-identified US healthcare claims that, 
like the LSRD, are representative of the non-elderly, insured population in the US.  The 
database contains inpatient, outpatient, and pharmacy claims, lab results, and 
enrollment information on more than 28 million lives since 2004.  Approximately 73% of 
all patients in the database have both medical and pharmacy benefits and, on average, 
27.8 months of enrollment and claims information.     

4.2. Institutional Review Board / Privacy Board Approvals   

This study used identifiable and de-identified insurance claims data.  To comply with 
HIPAA Privacy Regulations, we sought a Waiver of Patient Authorization for access to 
protected health information from a Privacy Board and approval from an Institutional 
Review Board for general study oversight, including use of the de-identified claims data.  
Confidentiality of patient records was maintained at all times.  This study report contains 
aggregate data only and does not identify individual patients or physicians. 

4.3. Study Population 

The study population consisted of patients included in the LSRD or the Impact database 
with at least 9 months of continuous enrollment in the underlying health insurance plan 
between 01 September 2004 and 31July 2010.  Patients were eligible for cohort entry 
starting on 01 June 2005 (the date of exenatide launch).  Initiators of exenatide or OADs 
were included in the study according to the following inclusion and exclusion criteria: 

4.3.1. Inclusion criteria  

 Had complete medical and pharmacy benefits and 9 months of 
continuous enrollment in the health plan prior to cohort entry date, and  

 Had a diagnosis of T2D (ICD-9-CM 250.x0, 250.x2) during the 9-month 
baseline period, inclusive of the cohort entry date, and 

 Had a dispensing of at least one antidiabetes drug other than the initiating 
drug during the 9-month baseline period, inclusive of the cohort entry 
date. 
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4.3.2. Exclusion criteria  

 Had a diagnosis of T2D but had no dispensings of antidiabetes drugs 
during the 9-month baseline period inclusive of cohort entry date, or 

 Had a dispensing of exenatide during the 9-month baseline period 
inclusive of cohort entry date in the OAD cohort, or 

 Had a dispensing of a drug from the same class as the initiating drug 
during the 9-month baseline period, or 

 Had claims associated with pancreatic and thyroid neoplasm (including 
benign and malignant neoplasm) during the 9-month baseline period. 

4.4. Study Cohorts 

4.4.1. Initiators of Exenatide 

The pharmacy claims were searched for the initiation of exenatide.  The date of cohort 
eligibility was defined by the date of the first dispensing of exenatide, without an 
exenatide dispensing in the prior 9-months (exclusive of cohort entry date), but with at 
least one OAD dispensing in the prior 9-month period inclusive of cohort entry date. The 
rationale for requiring that patients are taking at least one other OAD was to limit cohort 
membership to patients initiating exenatide (or an OAD in the OAD cohort) as add-on 
therapy with the aim of improving comparability of patient characteristics across the 
exposure cohorts. 

4.4.2. Comparison Cohort: OADs Initiators 

A contemporaneous comparison cohort of new users of OADs was identified in the same 
fashion as exenatide initiators.  The date of cohort entry was defined by the date of the 
first dispensing of an OAD with no dispensing of the same drug or drug class in the prior 
9-month period (exclusive of cohort entry date), but with at least one different OAD 
dispensing in the prior 9-month period (inclusive of cohort entry date).  The OADs of 
interest are listed in Appendix I. Dipeptidyl peptidase-4 (DPP-4 inhibitors)/ Glucagon-like 
peptide-1 (GLP-1) receptor agonists were not included in the primary analysis as DPP-4 
inhibitors/GLP-1 receptor agonists have a similar mechanism of action as exenatide and 
have been reported to be associated with pancreatic and thyroid cancer 8. Instead, we 
chose a comparison cohort of OAD users who we assumed were not at increased risk of 
thyroid or pancreatic neoplasm as a result of the antidiabetes medication regimen. 

For patients using multiple antidiabetes medications during the study period, we 
preferentially chose users of exenatide first, such that a person who initiated exenatide 
and metformin during the study period was assigned to the exenatide cohort even if s/he 
initiated exenatide later than metformin.  This hierarchical cohort selection process 
allowed exenatide-exposed person-time to be attributed to the exenatide cohort in the 
primary analysis. Although handling cohort creation in this way can result in immortal 
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person-time bias 11, in previous work we observed no material bias with this approach in 
similar cohorts 12.  

4.5. Exclusion of Patients with Baseline Use of DPP-4 Inhibitors or GLP-1 
Receptor Agonists 

We excluded patients with baseline use of DPP-4 inhibitors or GLP-1 receptor agonists 
(other than exenatide) following propensity score matching, but before identifying the 
outcomes and beginning the outcome analyses.  These patients were excluded from the 
analysis because of concern around masking a class effect; however, these patients 
also may be a more representative cohort with regards to comorbidities and diabetes 
severity. 

4.6. Exposure Measures 

Exposure to exenatide (and OADs) was defined in a time-fixed and a time-dependent 
manner.  The time-fixed exposure to exenatide and OADs was based on the exposure 
status at the time of drug initiation.  This analysis allowed for attribution of remote events 
(i.e., pancreatic/thyroid cancers occurring at least one year after initiation of the study 
drugs) to the initial exposure.  The dynamic nature of exposure to exenatide was also 
measured to allow for the assessment of the risk associated with cumulative exposure to 
exenatide.  In this analysis, exposure was classified by ascertaining the time-dependent 
cumulative dose and duration of exposure across the study period.  The cumulative dose 
of exenatide exposure was calculated according to the number of dispensings, days 
supplied, and dosage formulation of the product—taken as the sum of the micrograms of 
each twice-daily dose over all doses dispensed to the patient.  Cumulative duration was 
measured by summing the days-supply across unique exenatide dispensings over time, 
including a grace period to allow for modest non-adherence.  Patients who refilled a 
study drug within 31 days following the end of days-supply of the previous dispensing 
were considered continuing users of the drug.  Cumulative dose and duration were not 
calculated for OADs while all the person-time for each OAD was pooled together and 
classified as unexposed.  

4.7. Outcome Identification 

4.7.1. Claims Identification of Outcomes  

The primary outcomes were newly diagnosed pancreatic cancer and thyroid neoplasm 
occurring at least one year following cohort entry.  We identified outcomes using 
validated algorithms that defined patterns of claims that were highly suggestive of true 
thyroid or pancreatic neoplasm (based on diagnosis and procedure codes from the 
claims data). We began with algorithms defined a priori, which we then validated within 
the subset of the LSRD where medical records were available for abstraction. The 
algorithms were then modified to improve their validity (measured by the positive 
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predictive value). Next, we used the revised algorithms for case ascertainment in all 
segments of the data: the patient identifiable and de-identified segments of the LSRD 
and Impact databases. The details of the algorithms are in Appendix II and Appendix III. 
Details of the validation process follow in Sections 4.7.2 through 4.7.5. 

4.7.2. Review of Claims Profiles 

When identifying cases using the predetermined algorithms, each potential case was 
assigned a case date corresponding to the first date of diagnosis in the claims data.  A 
chronological listing of claims data (claims profiles) of the identified cases in the 
identifiable portion of the LSRD database were extracted from 3 months before and 9 
months after the claims-based diagnosis date.  A clinical consultant performed a detailed 
review of the claims profiles and decided which claim corresponded to the facility or 
provider with the medical record most likely to contain the information necessary for 
case adjudication.  Upon the review of claims profiles, the reviewer selected two 
providers (primary and alternative) for each case in order to maximize the chance to 
abstract available medical records. Records were first sought from the primary provider 
and, if not available, subsequently the alternate provider.  The order of preference for 
choosing types of providers for medical record abstraction (primary and alternate) was 
as follows:  

1. The hospital where the patient was diagnosed or treated for pancreatic cancer or 
thyroid neoplasm;  

2. The surgeon associated with pancreatectomy or thyroidectomy;  

3. Medical specialists (e.g. endocrinologist, oncologist) who treated the patients for 
pancreatic cancer or thyroid neoplasm;  

4. Other (e.g. consultation, primary care physician).   

Once primary providers were identified, they were contacted with a request for their 
patient’s medical record. The date of the claims line corresponding to a provider was set 
as the date of service.  This review process was blinded to study drug exposure. 

4.7.3. Medical Record Abstraction 

The medical record abstraction forms were developed to collect information from the 9 
months prior to the date of service through 2 months after the date of service in order to 
collect enough information for case adjudication.  The abstraction forms (Appendix IV) 
were reviewed and finalized by the clinical experts in pancreatic cancer and thyroid 
neoplasm.  The abstractors were trained to use the abstraction forms and to blind the 
protected health information (PHI) items and study exposures.  The corresponding 
providers were contacted and asked to participate in the study by mailing the copies of 
the IRB and Privacy Board approvals and a brief description of the study.  Medical 
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record abstractors then followed-up with the providers to ask permission to access 
specific patients’ medical records for the purpose of collecting data related to the 
outcome of interest.   

The medical records of the potential cases from both cohorts identified from the claims 
algorithms and screened by profile review were sought.  We included patients matched 
and unmatched on the propensity score (in order to provide enough information for 
algorithm development and revision given the rare occurrence of pancreatic cancer and 
thyroid neoplasm).  

Abstractors blinded medical records electronically and quality control on a 10% sample 
of medical records.  The blinded photocopies of medical records were returned to 
OptumInsight.  Research associates at OptumInsight also performed a quality check on 
a random 10% sample of the blinded medical records to ensure the identifiable 
information was completely blinded before forwarding the de-identified records to an 
adjudicator for review. 

4.7.4. Adjudication of Outcomes  

A medical record adjudication form was developed for each outcome (Appendix IV) to 
include the criteria necessary for the confirmation of the neoplasms of interest.  Each 
adjudication panel comprised 2 adjudicators; the pancreatic cancer panel comprised one 
oncologist in pancreatic cancer and one general oncologist, and the thyroid cancer panel 
comprised one specialist in thyroid neoplasm and one general oncologist.  Each panel 
focused on the adjudication of study outcomes among the patient-identifiable subset in 
the LSRD.  The adjudication elements were ultimately the responsibility of the 
independent adjudicators and included key diagnostic questions, case status, event 
onset date, and tumor stage.  Discrepant adjudications were resolved by consensus 
among the adjudicators with an OptumInsight senior scientist/clinician serving as 
mediator.  All the reviewers were blinded to exposure status as described in Section 
4.6.3.  Each medical record was adjudicated as a definite, probable, possible or non-
diagnostic case.  Only definite and probable cases were considered confirmed cases 
and included in the analyses that gave rise to the case algorithms (Section 4.7.5). 

4.7.5. Algorithm-Based Identification of Outcomes 

After adjudication of potential outcomes, the positive predictive value (PPV) was 
estimated for the algorithms developed a priori (the relaxed algorithms).  In response to 
the observation that the algorithms developed a priori could plausibly be improved, these 
algorithms were revised into more restrictive case definitions according to the medical 
records/profiles review and clinical knowledge.  Please see Appendix III for the 
restrictive algorithms.  The restrictive algorithms required the presence of the surgery, 
chemotherapy, and radiotherapy, and the absence of corresponding benign neoplasms.  
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The PPV of each restrictive algorithm was also calculated.  The restrictive algorithms 
with the highest PPVs were used to identify the outcomes of interest in this study.  

4.8. Potential Cofounders 

A broad range of baseline (i.e., leading up to cohort entry) characteristics including 
demographics, diagnoses, medical procedures, drug use, and health care utilization was 
derived from the claims data. 

Demographics 

 Age, sex, race 
 Geographic area 
 Cohort entry year  

Diabetes severity indicators 

 Use of oral antidiabetes medication 
 Dispensings of one, 2, or 3 study medications within 45 days of cohort 

entry 
 Peripheral neuropathy 
 Nephropathy 
 Retinopathy   

Cardiovascular disease indicators 

 Hypertension 
 Hyperlipidemia 
 Hypertriglyceridemia 
 Ischemic heart disease 
 Myocardial infarction 
 Congestive heart failure 
 Stroke 

Other 

 Health care utilization (e.g. the number of days hospitalized in prior 9 
months, hospitalization within 45 days of the cohort entry date, number of 
different ICD-9 diagnoses, number of different drugs dispensed, number 
of physician visits, emergency department visits and costs of facility and 
pharmacy, etc.) 

Additionally, the 100 most prevalent drug classes dispensed to exenatide initiators 
relative to the comparator cohorts, along with the 100 most prevalent diagnoses (at the 
3-digit ICD-9-CM level) and 100 most prevalent procedures were included.  
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4.9. Statistical Analysis 

4.9.1. Baseline Characteristics 

The baseline characteristics, such as demographics, medical conditions (e.g., baseline 
malignancies), procedures, drug dispensings, and health care utilization measures, were 
described among the exenatide and OAD cohorts.  Continuous variables were 
summarized by mean and standard deviation or median and interquartile range and 
categorical variables were summarized by frequency and percentage.  

4.9.1.1. Propensity Score Development and Matching 

Each exenatide initiator was matched to up to 2 OAD initiators (including 1:1 and 1:2) on 
the estimated propensity score with the aim of achieving balance between comparison 
groups in terms of all identified predictors of exenatide initiation.  Variables for inclusion 
in the propensity models were selected based on a priori knowledge (e.g. clinical 
plausibility), prevalence of the variable (e.g. the 100 most prevalent diagnoses), 
statistical significance, and c-statistics between exenatide initiators and OAD initiators.  
First, the 10 variables with the highest c-statistic as well as a set of clinically important 
variables (e.g., metformin use in baseline, number of physician visits, number of 
laboratory tests) were forced into the model.  Second, time indicators (i.e., calendar 
quarter) were created to assess the interactions between calendar year and the 10 
variables most predictive of exenatide initiation, based on univariate c-statistic, to 
accommodate changes in the way that antidiabetes drugs were used over time.  
Variables with time interaction terms having a p-value <0.1 were forced into the model.  
The propensity scores were estimated using an unconditional logistic regression model 
by including the forced variables and via a stepwise selection process for the remaining 
predictors of exenatide initiation with a p-value of 0.2 for model entry and 0.3 for 
retaining.   

The propensity score was the fitted value of the probability of being a member of the 
exenatide cohort, given membership in the study population and the covariate pattern.  
Each subject was assigned a propensity score, and each exenatide initiator was 
matched up to 2 OAD initiators using a greedy matching algorithm performed to the 8th 
digit of the propensity score first and to 7th, 6th up to the 1st digit.  A commonly used 
approach, a greedy matching algorithm matches a treated patient (i.e., exenatide 
initiator) to an untreated patient (OAD initiator) based on propensity scores, ensuring 
that the patients’ scores equal each other starting at a certain level of precision and 
decreasing until all treated patients are matched 13;14.   
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4.9.1.2. Control for Residual Confounding and Time-Varying 
Covariates

After matching, “trimming” was performed in the patients who were assigned extreme 
values of the propensity score in order to exclude subjects who were apparently not 
candidates for exenatide use or who were absolute candidates for exenatide use.  
Patients with the lowest 2% of propensity scores in the exenatide cohorts and their 
matched OADs initiators were excluded.  Similarly, the patients with the top 2% of 
propensity scores in OAD cohorts and their matched exenatide initiators were excluded.  
This “trimming” was done with the aim of reducing the impact of unmeasured 
confounding. 

While the propensity score matching accounted for most of the measured confounding, 
residual confounding remained due to some minor differences in measured 
characteristics after matching.  Covariate imbalance was defined as an absolute 
standardized difference > 0.1 (difference between the 2 mean values divided by the 
standard deviation)15. These remaining imbalances were identified and adjusted for in 
the outcome analyses.   

For the analysis of cumulative dose and duration, we defined a set of time-varying 
covariates representing use of each OAD within in each stratum of cumulative duration 
or dose.  These covariates were included in the analysis of cumulative exposure 
regression models.  

4.9.2. Time-Fixed Analyses 

4.9.2.1. Person-time  

At-risk person-time for each outcome was calculated from one-year post drug initiation 
until the first occurrence of a study outcome (i.e., pancreatic cancer or thyroid 
neoplasm), disenrollment from the health plan, or the end of the study period (31 
December 2010).  Person-time within the first year following the cohort entry date was 
not considered at-risk for the primary analysis as the outcomes occurring during this 
period were unlikely to be affected by use of the initiated medications given the expected 
long latency period of the outcomes.  For each study event, the follow-up was censored 
for that outcome at the first occurrence of that specific study event, but we continued to 
follow patients for the other outcomes.  Follow-up person-time, starting one-year after 
drug initiation, was summed and characterized with respect to exenatide and OAD 
initiators, in totality and stratified by duration of follow-up.  The categories for duration of 
follow-up were as follows: 1 to <2 years, �2 years to < 3 years, and �3 years.  This 
classification was based on person-time, such that for each person, his or her 
experience in the 1 to <2 years of follow-up was allocated to that category, with 
subsequent experience as allocated to subsequent categories (e.g., �2 years to < 3 
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years). Thus, some patients contributed person-time to different categories of follow-up 
duration. The person-time for each type of newly diagnosed thyroid neoplasm was 
estimated for the 2 cohorts, in totality and by subgroups of thyroid neoplasm (e.g., 
benign tumor, MTC, and non-MTC neoplasms).  

4.9.2.2. Incidence Rate and Rate Ratio Estimation 

For each cohort, we tabulated the number of outcome events and corresponding person-
time overall and per stratification of follow-up duration.  The incidence rate (IR) of each 
outcome observed one year following drug initiation was calculated as the number of 
events divided by the corresponding sum of the person-years at-risk.  Similarly, the 
incidence rate of each outcome in the subgroups of patients with and without concurrent 
use of insulins in the compared cohorts was also calculated.  Concurrent use of insulins 
and the study exposure (e.g., exenatide) was defined as the use of insulin within 32 days 
before and after cohort entry.  Any insulin use beyond the 32 days window was defined 
as non-concurrent use with exenatide or OADs.   

Kaplan-Meier plots for pancreatic and thyroid cancer were provided to depict the 
cumulative probability of event-free time among the propensity score matched cohorts.  
Cox proportional hazards regression models were used to estimate the HRs and 95% 
CIs of newly diagnosed pancreatic cancer and thyroid neoplasm among exenatide 
initiators compared with OADs initiators, by study outcomes, and by the duration of 
follow-up.  Additional adjustment occurred through the stratification of models by 
duration and the analyses with DPP-4 inhibitors/GLP-1 receptor agonists removed.  

Because covariate balance achieved through propensity score matching may not hold 
when the data are aggregated across matching ratios (1:1 vs. 1:2 exenatide to OAD 
matching), all regression models were conditioned on the matching ratio. Moreover, 
because the standardized differences (a measure of covariate balance across exposure 
groups) were calculated without regard to the matching ratio, some covariate imbalances 
identified may be false positives in that they may not be differentially distributed across 
exposure, conditional on the matching ratio—only in the aggregate. Thus, we took a 
conservative approach to identifying covariates to include in the regression models, 
because covariates that are imbalanced in the aggregate are not imbalanced when the 
regression models were conditioned on the matching ratio. 

The IRs and HRs were estimated separately in the LSRD and the Impact database.  The 
results were not pooled, because there were inconsistent estimates across databases.  

4.9.2.3. Sensitivity Analysis 

A sensitivity analysis was conducted to evaluate the potential bias of excluding events 
occurring within the first year of drug initiation by repeating the analysis excluding only 
events occurring within the first 6 months after study entry (i.e., including events that 
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occur 7–12 months after initiation).  The estimates that included the outcomes during the 
first 6 months after drug initiation were assumed to reflect outcomes that cannot be 
affected by recent antidiabetes drug initiation.  To observe any changes in estimates, we 
added the additional duration category of 6 months post-initiation through the end of 12 
months of follow-up. 

Another sensitivity analysis was performed to compare the incidence of pancreatic and 
thyroid cancer among patients who initiated exenatide compared with patients who 
initiated DPP-4 inhibitors/GLP-1 receptor agonists only, patients who initiated OADs 
excluding DPP-4 inhibitors/GLP-1 receptor agonists, and patients who initiated OADs 
including DPP-4 inhibitors/GLP-1 receptor agonists.  This sensitivity analysis was 
conducted to test the hypothesis that the effects of exenatide and DPP-4 inhibitors/GLP-
1 receptor agonists on the occurrence of pancreatic and thyroid cancer are similar.  

Additionally, we conducted a sensitivity analysis to quantify the effects of potential 
residual confounding on the association between exenatide exposure and pancreatic 
cancer or thyroid cancer.  One of the potential sources of residual confounding is 
unmeasured confounding.  Extreme obesity was considered a potential unmeasured 
confounder for the association between exenatide and outcomes of interest, as 
extremely obese subjects are more likely than normal weight patients to develop 
pancreatic or thyroid cancer16, and may be more likely to use exenatide given that 
exenatide is preferentially prescribed to patients with poorly-controlled diabetes. A 
similar analysis was also conducted for smoking, another potential unmeasured 
confounder considered. 
 
The prevalence of smoking or obesity among exenatide initiators, OAD initiators and 
overall were estimated from the data collected during the Amylin-sponsored study6 of 
exenatide and acute pancreatitis by constructing a study population with the same 
eligibility criteria as the present study.  We applied the rule-out approach presented by 
Schneeweiss et al 17 to explore the effect of residual confounding over a wide range of 
relative risks of the unmeasured confounder and the disease/outcome (RRCD) and the 
odds ratio between the unmeasured confounder and the exposure (ORCE).  Generated 
figures show how strong an unmeasured confounder must be to explain fully the 
observed findings, or the apparent relative risk (ARR).

4.9.3. Analysis of Cumulative Exposure 

4.9.3.1. Person-time  

Among the exenatide initiators, the person-time of each person was classified into 
different ranges of cumulative dose and duration of exenatide use. This classification 
was designed so that persons could contribute to multiple categories of cumulative dose 
or duration, according that person’s actual use (see the Statistical Analysis Plan for 
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details).  The stratification of cumulative dose and duration was determined according to 
the distribution of the observed values.  For patients with multiple outcomes, person-time 
for each outcome was censored and calculated separately.  Person-time, including that 
accumulated within the first year following the cohort entry date, was summed and 
characterized with respect to exenatide use by the categories of cumulative duration and 
dose.  The person-time of all OADs was considered as a whole and for those unexposed 
to exenatide use (i.e., non-use).  The incidence rates and corresponding 95% CIs were 
calculated within strata of cumulative dose and duration of exenatide use and all OADs 
as a group. 

4.9.3.2. Incidence Rate and Relative Risk Estimation 

Poisson regression models were used to estimate relative risk (RRs) and 95% CIs for 
each outcome (pancreatic and thyroid cancer) comparing different categories of 
cumulative dose and duration of exenatide use to non-use of exenatide (principally, 
current use of OADs).  Cumulative dose and duration were treated as a time-dependent 
exposure in the model with each person potentially having multiple records. Cases were 
counted beginning one year after cohort entry. 

To address potential residual confounding introduced when patients switch drug 
regimens during follow-up, the dynamic use of concomitant antidiabetes drugs across 
different time periods was captured and treated as time-dependent covariates in the 
Poisson regression model, along with any covariates that were imbalanced within that 
category of use, based on tabulations.  We assumed that the discontinuation or 
switching of OADs represented a change of diabetes severity or indication for drug use.  
We also assumed that this adjustment did not reflect any mediators or colliders; 
otherwise, the estimates would be biased 18.  

All of these analyses were conducted only for outcomes of pancreatic and thyroid cancer 
within the matched cohorts with the removal of DPP-4 inhibitors/GLP-1 receptor agonists 
and were conducted separately in LSRD and the Impact database.  We reported the 
databases separately.  It should be noted that the 2 databases might represent 2 
different populations with discrepant coding systems.  To explore the reasons for any 
database heterogeneity, we compared the characteristics of the subjects included in the 
2 databases.  

5. Results  

5.1. Cohort accrual  

From 01 June 2005 through 31 July 2010, there were 69,178 patients with at least one 
dispensing of exenatide and 1,119,511 patients with at least one dispensing of any other 
antidiabetes drugs in the LSRD.  After applying the exclusion criteria, there were 31,459 
exenatide users and 947,252 OAD users who were removed because they were: 
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continuously enrolled for less than 9 months, without first line treatment with OADs or 
were without a diagnosis of type II diabetes, or not a new user with existing initiating 
drug use.  We excluded 228 exenatide users and 804 OAD users who had a diagnosis 
of pancreatic and thyroid neoplasm in the 9 months before cohort entry. In total, 208,946 
patients met the inclusion and exclusion criteria for cohort entry, among whom 37,491 
were exenatide initiators and 171,455 OAD initiators (Figure 1).   

In the Impact database, there were 36,437 exenatide users with at least one dispensing 
of exenatide and 649,229 OAD users with at least one dispensing of any other 
antidiabetes drugs.  After applying for the inclusion and exclusion criteria, there were 
14,352 exenatide users and 535,862 OAD users removed because they were: not 
continuously enrolled for at least 9 months, without first line treatment with OADs other 
than initiating drugs or without a diagnosis of type II diabetes, or not a new user with 
existing initiating drug use.  We excluded 164 exenatide users and 581 OAD users who 
had a diagnosis of pancreatic and thyroid neoplasm in the 9 months before cohort entry.  
In total, 134,707 patients met the inclusion and exclusion criteria for cohort entry, among 
whom 21,921 were exenatide initiators and 112,786 OAD initiators (Figure 2).   

5.1.1. Matched Cohorts by Propensity Score  

After propensity score matching and trimming the extreme values of propensity score, 
31,301 exenatide initiators were matched to 49,783 OAD initiators in the LSRD based on 
the demographics, baseline dispensings, underlying conditions, baseline procedures and 
health care utilization.  In the Impact database, 16,206 exenatide initiators were matched 
to 25,385 OAD initiators.  

5.1.2. Matched Cohorts with DPP-4 Inhibitors/GLP-1 Receptor Agonists and Their 
Matched Pairs Removed 

After the initial matching, but before identification or analysis of outcomes, it was 
deemed necessary to remove patients and their matches with DPP-4 inhibitors/GLP-1 
receptor agonists use in the baseline period.  This change decreased the cohorts to 
11,978 in the matched exenatide cohort and 17,594 in the matched OAD cohort in the 
LSRD (Table 1.1a) and decreased the matched exenatide cohort to 6,954 and the 
matched OAD cohort 10,097 in the Impact database (Table 1.1b).  (NOTE: All further 
tables present the data pre- and post-matching without DPP-4 inhibitor/GLP-1 receptor 
agonist initiators in baseline.)  Tables comparing characteristics of the cohorts pre- and 
post-matching also present characteristics of the unmatched exenatide initiators. 
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5.2. Baseline Characteristics  

In the LSRD, over 60% of each of the matched cohorts were aged 50 and older, and had 
more females than males (Table 1.1a).  Nearly 60% of patients in each of the matched 
cohorts were from the South.  After matching, standardized differences between cohorts 
across covariates were less than 0.10 without regard to the matching ratio, with the 
exception of the 2006 cohort entry year, which was adjusted for in subsequent models 
using data from the LSRD.  Similar to initiators in the LSRD, matched exenatide and 
OAD initiators in the Impact data were more likely to be over the age of 50 (>68%) 
(Table 1.1b).  However, the number of males and females were nearly equal between 
the two cohorts, and most matched cohort members were from the Northeast of the 
United States.  The post-matching standardized differences (aggregated across 
matching ratios) between cohorts across levels of covariates exceeded 0.10 for patients 
in the South (the exenatide cohort had more patients from the South (20.0%) versus the 
OAD cohort (15.9%)), and the 2005 cohort entry year (there were slightly more matched 
OAD initiators (13.9%) than exenatide initiators (10.2%)).  These variables were 
adjusted for in modeling involving the Impact database. 

Among the matched cohorts in the LSRD, after type II diabetes, hypertension, 
hyperlipidemia, and disorders of lipoid metabolism were the most prevalent of identified 
medical conditions (Table 1.2a).  Office visits and tests for hemoglobin A1c were the 
most prevalent procedures (Table 1.3a) while metformin, sulfonylureas, statins, and 
lipotropics were the most prevalent drug classes among the matched cohorts in the 
LSRD (Table 1.4a).  After matching, metformin, sulfonylureas, and thiazolidinediones 
had aggregated standardized differences that were greater than 0.10, and were adjusted 
for in models using data from the LSRD. 

In the Impact database, the most prevalent medical conditions included type II diabetes 
and disorders of lipoid metabolism (Table 1.2b).  Lipid panels, hemoglobin, and several 
types of labs and office visits were some of the most prevalent procedures in the 
matched cohorts, while blood sugar diagnostics, statins, and metformin were the most 
prevalent drug classes in the Impact database.  Metformin, sulfonylureas, and 
thiazolidinediones had aggregated standardized differences greater than 0.10 and 
models using the Impact data adjusted for them. 

Tables 1.2.1a and 1.2.1b display the prevalence of baselines malignancies during the 9-
month baseline period in the Life Sciences Research and Impact databases.  
Approximately 2.5% of each of the matched exenatide and OAD cohort members had a 
personal history of malignant neoplasm in both databases. 
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Tables 1.5a and 1.5b include data on healthcare utilization characteristics among the 
overall and matched cohorts in the LSRD and the Impact database.  In the LSRD, after 
matching, the aggregated standardized difference for the number of diabetes drug 
dispensings was greater than 0.10; matched exenatide initiators had 7.5 dispensings on 
average during the 9-month baseline, as compared to 6.9 diabetes drug dispensings 
among members of the matched OAD cohort.  The number of diabetes drug dispensings 
was subsequently adjusted for in models using data from the LSRD.  After matching, 
similar differences for the number of diabetes drug dispensings were not found in the 
Impact database.  

Characteristics of the matched cohorts stratified by duration of follow-up for pancreatic 
cancer are displayed in Tables 1.6.1a and 1.6.1b for the LSRD and Impact databases, 
respectively.  Similarly, Tables 1.6.2a and 1.6.2b include the same characteristics by 
database, but for thyroid cancer.  Of note, based on the aggregated standardized 
differences, all variables were balanced across the two study cohorts when stratified by 
cancer type and duration of follow-up.  The only exceptions included the number of drug 
dispensings and the indicator variable for those patients with 5-9 drug dispensings.  
Rather than adjust for both variables in the models, which could lead to issues of multi-
collinearity, models for both databases included only the variable for the number of drug 
dispensings. 

Tables 2.1a and 2.1b describe the top 100 most frequently recorded diagnoses in the 
claims data amongst the cohort initiators during the 9-month baseline period in the 
LSRD and the Impact database, respectively.  Tables 2.2a and 2.2b build upon tables 
2.1a and 2.1b by including the ranking of the top 100 most frequently recorded 
procedures in the claims data in both databases.  Finally, Tables 2.3a and 2.3b both 
describe the top 100 most frequently recorded drug dispensings among the cohort 
initiators in both databases. 

5.3. Medical Review and Assessment of Algorithm Performance  

Table 3 presents data on the medical records identified, sought, and retrieved from the 
LSRD for validation of the pancreatic and thyroid cancers and benign thyroid neoplasm 
outcomes.  Of the 61 pancreatic cancer cases, 11 of the claims-identified cases were 
from exenatide initiators; 8 of those 11 cases (73%) were retrieved.  The retrieval 
percentage among pancreatic cancer cases from OAD patients was 72%.  There were 
53 thyroid cancer cases found in the claims data, 12 of which were in the exenatide 
cohort and 41 from the OAD cohort.  The retrieval percentages were 75% and 85% for 
the exenatide and OAD groups, respectively.  Finally, 34 of the 38 benign thyroid 
neoplasms were retrieved. 
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Table 3.1 includes comparisons of the PPVs for each of the algorithms.  In general, the 
restricted algorithms had higher estimated PPVs (Range: 0.75 – 0.95).  Of note, the PPV 
for the first version of the restricted algorithm for pancreatic cancer was noticeably lower 
(0.65, 95% CI: 0.43 – 0.74), but increased to 0.88 (95% CI: 0.62 – 0.98) after removing 
patients with a claims history for selected types of cancers.  The medullary thyroid 
cancer restricted algorithm did not identify any cases, therefore requiring the use of the 
relaxed algorithm, which had a suitably high PPV (0.75 (95% CI: 0.19 – 0.99)).  (NOTE: 
Following the exclusion of DPP-4 inhibitors/GLP-1 receptor agonists users in baseline, 
several outcomes were excluded from this analysis, including one case of medullary 
thyroid cancer.) 

Table 3.2 stratifies the cancer cases by their tumor stage based on the review of the 
charts.  

In order to assess whether differential detection occurred with exenatide use, pancreatic 
diagnostic tests and disease diagnosis stratified by cohort were evaluated during follow-
up in Tables 3.3a and 3.3b for the LSRD and the Impact database, respectively.  There 
were no discernable differences in pancreatic cancer diagnoses between the exenatide 
and OAD cohorts during follow-up in the LSRD.  Similar negligible differences among 
some pancreatic diagnostic tests were found in the Impact database.  Tables 3.4a and 
3.4b present diagnosis and diagnostic testing for thyroid cancer by cohort in the LSRD 
and the Impact database, respectively.  Again, only slight differences in diagnostic tests 
were found.   

Table 3.5 describes the algorithm-identified pancreatic and thyroid cancer cases by chart 
confirmation status.  Three of the pancreatic cancer cases identified by the algorithm 
were found not to be cases after chart review.  Two of the algorithm-identified thyroid 
cancer cases were not cases as determined by chart review. Because the plan for the 
study was to identify outcomes on the basis of algorithms, these apparently misclassified 
cases remain in the analysis as cases. 

5.4. Time-Fixed Analysis 

Incidence rates (IRs) and hazard rates (HRs) for pancreatic cancer in both databases 
are presented in Table 4.  The HRs were presented as unadjusted and adjusted for 
covariates imbalanced after propensity-score matching. The analyses were stratified by 
duration of follow-up and excluded events and person-time in the first year after drug 
initiation, as well as users of DPP-4 inhibitors/GLP-1 receptor agonists at baseline.  In 
the LSRD, there were 7 cases of pancreatic cancer for an overall IR of 0.3 (95% CI: 0.1-
0.7) cases of pancreatic cancer per 1,000 person-years among exenatide initiators and, 
based on 6 cases of pancreatic cancer, the overall IR was 0.2 (95% CI: 0.1-0.4) cases of 
pancreatic cancer per 1,000 person-years among OAD initiators. When examining the 
incidence of pancreatic cancer across duration of follow up (allowing for a 1-year 
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lag), there was no obvious pattern of the IRs observed in either cohort given that 
there were no cases in some categories.  Similar IR results were found in the Impact 
database; however, there were more categories of follow-up without cases of pancreatic 
cancer among exenatide or OAD initiators.  The data were not pooled due to the 
heterogeneity of the estimates between databases. 

The Kaplan Meier curves for pancreatic cancer comparing exenatide initiators to OAD 
initiators did not demonstrate clear differences in time to the diagnosis of pancreatic 
cancer in either database (Figure 3a and 3b).  Indeed, the risk difference between the 
cohorts was minute (0.0001). 

Table 4a presents comparisons of the pancreatic cancer rates among exenatide 
initiators compared to 3 sub-groups of OAD initiators: OAD initiators including DPP-4 
inhibitors/GLP-1 receptor agonists, OADs excluding DPP-4 inhibitors/GLP-1 receptor 
agonists (i.e., the comparison seen in Table 4), and only DPP-4 inhibitors/GLP-1 
receptor agonists.  In both databases, the HRs were higher when excluding DPP-4 
inhibitors/GLP-1 receptor agonists from the OAD categories. 

Table 4b expands on the analysis of the IRs and HRs for pancreatic cancer by including 
exenatide and OAD initiators with at least one day to 6 months of follow-up, or more than 
6 and less than 12 months of follow-up after cohort initiation. The IRs for pancreatic 
cancer in the OAD initiators were highest among those with follow-up of at least 1 
day through the first year, though the number of cases was small in some 
categories. A consistent decreasing pattern was not observed in the IRs across 
duration of follow-up for the exenatide cohort, In the Impact database, the patterns 
of the IRs across duration of follow-up in both cohorts were not apparent given 
that there were no cases of pancreatic cancer in some categories of duration.

The IRs and HRs for thyroid cancer stratified by duration of follow-up are shown in Table 
5.  Again, the HRs were presented as unadjusted and adjusted for covariates 
imbalanced after propensity-score matching.  In the LSRD, the overall IR for thyroid 
cancer among exenatide initiators was 0.4 (95% CI: 0.2 – 0.8) per 1,000 person-years 
and 0.2 (95% CI: 0.1 – 0.5) per 1,000 person-years among OAD initiators.  The overall 
unadjusted HR of thyroid cancer among exenatide initiators compared to OAD initiators 
was 1.8 (95% CI: 0.6 – 5.0) and the adjusted HR was 2.0 (95% CI: 0.7 – 5.6), based on 
8 and 7 thyroid cancer cases among exenatide and OAD initiators, respectively.  When 
stratified across follow-up, no obvious pattern of the IRs was observed in either 
cohort. Similar results were found in the Impact database. The data were not pooled 
due to the heterogeneity of the estimates between databases. 

The Kaplan Meier curves for time to diagnosis of thyroid cancer for the two cohorts in the 
LSRD and Impact databases are displayed in Figures 4a and 4b, respectively.   
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Table 5a presents comparisons of the IRs and HRs of thyroid cancer among exenatide 
initiators compared to 3 sub-groups of OAD initiators: OAD initiators including DPP-4 
inhibitors/GLP-1 receptor agonists, OADs excluding DPP-4 inhibitors/GLP-1 receptor 
agonists (i.e., the comparison seen in Table 5), and only DPP-4 inhibitors/GLP-1 
receptor agonists.  In both databases, the HRs for thyroid cancer were higher when 
excluding DPP-4 inhibitors/GLP-1 receptor agonists from the OAD categories compared 
to including the same class of antidiabetes medications in the OAD initiator population. 

Table 5b expands on the analysis of the IRs and HRs for thyroid cancer by including 
those with follow-up between >0 to 6 months and >6 to 12 months after cohort initiation.  
In the LSRD, the IRs for thyroid cancer between exenatide and OAD initiators in 
the LSRD were generally similar across duration of follow-up although a slight 
decrease was observed in the OAD cohort. The HRs were higher in the >6 to 12 
month duration category, 3.6 (95% CI: 0.7 – 19.1) and 3.5 (0.7 – 18.5) and in the �3 
years duration category, 3.6 (95% CI: 0.3 – 41.3) and 3.7 (95% CI: 0.3 –43.7) in 
unadjusted and adjusted models, respectively, than in the other categories.  In the 
Impact database, for those patients with up to 6 months of follow-up time, the 
incidence rates were 1.3 (95% CI: 0.5 – 2.8) for exenatide initiators and 0.9 (95% CI: 
0.3 -1.9) per 1,000 person-years for OAD initiators.  Among those with 6-12 months 
of follow-up in the Impact database, the IRs were 0.3 cases of thyroid cancer per 
1,000 person-years among the exenatide cohort versus 1.1 cases per 1,000 
person-years among the OAD cohort.  There were a small number of cases in these 
stratified analyses, therefore the 95% CIs were overlapping. The HRs for thyroid 
cancer for persons with 6-12 months of follow-up were low for unadjusted (0.2 
[95% CI: 0.0 –1.9]) and adjusted (0.3 [95% CI: 0.0 – 2.4]) models. 

The IRs and HRs for benign thyroid neoplasm for exenatide and OAD initiators were 
generally low (Table 6.1a).  No exenatide initiators had medullary thyroid cancer in either 
database and there were only two cases of this disease in the OAD population (Table 
6.1b).  In the LSRD there were a total of 8 cases of non-medullary thyroid cancer among 
exenatide initiators and 5 cases among OAD initiators, for IRs of 0.4 (95% CI: 0.2 – 0.8) 
cases per 1,000 person-years and 0.2 (95% CI: 0.1 – 0.4) cases per 1,000 person-
years, respectively (Table 6.1c).  There were the same number of non-medullary thyroid 
cancer cases (n=8) among exenatide initiators in the Impact database, but 9 cases of 
this cancer among OAD initiators; the IR for exenatide initiators was 0.7 (95% CI: 0.3 – 
1.4) and 0.5 (95% CI: 0.2 – 1.0) for OAD initiators. 

There were no cases of pancreatic cancer among exenatide initiators with concurrent 
insulin use in either database (Table 6.2a).  However, there were a total of 4 and 2 
pancreatic cancer cases among OAD initiators with concurrent insulin use from in the 
LSRD and Impact database, respectively.  
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The incidence of thyroid cancer among exenatide initiators with concurrent insulin is 
shown in Table 6.2b.  

5.5. Analysis of Cumulative Exposure  

In the analysis of cumulative exposure in the LSRD, evaluating events beginning one-
year post-drug initiation, there did not appear to be a clear trend in the IRs of pancreatic 
cancer across increasing cumulative time on exenatide (Table 7); the number of cases 
was small, making the results difficult to interpret.  Compared to non-use, the unadjusted 
RRs for pancreatic cancer went from 1.9 (95% CI: 0.5 – 6.8) for those with up to 1 year’s 
use of exenatide, to 1.5 (95% CI: 0.3 -7.5) for 1 to less than 2 years of exenatide use, on 
to 2.2 (95% CI: 0.3 – 17.9) for those with cumulative exenatide exposure of 2-3 years.  
However, the 95% CIs were overlapping and very wide.  RRs adjusted for imbalanced 
variables were slightly attenuated.  There were few cases of pancreatic cancer in the 
Impact database, making the results more difficult to interpret.  The data were not pooled 
due to the heterogeneity of the estimates between databases. 

In both databases, when examining the effect of cumulative time on exenatide compared 
to non-use on the incidence and risk of thyroid cancer we found no clear trends across 
categories of cumulative exenatide exposure (Table 8).  Of note, there were fewer than 
4-5 cases in most categories of duration.  Similarly, there was not a clear trend among 
the RRs of thyroid cancer across categories of cumulative exenatide exposure in the 
databases.  Between the two databases, there was only 1 case of thyroid cancer among 
exenatide initiators in categories of cumulative exposure greater than 2 years, which 
made the interpretation of the results more difficult. 

Table 9 examines the incidence and risk of pancreatic disease stratified by cumulative 
dose of exenatide use versus non-use.  There were few cases of pancreatic cancer in 
the dosage categories, and there was not a clear trend in the incidence of this cancer.  
Rate ratios did not consistently increase with larger cumulative dose of exenatide use 
versus non-use, and the 95% CIs were overlapping. 

Thyroid cancer incidence was compared across cumulative exenatide dose levels and 
non-use in Table 10.  The IRs of thyroid cancer were lowest for doses greater than 6,000 
mcg in both databases; however, there were a small number of cases as well as 
overlapping 95% CIs for the IRs across dose levels.  Compared to non-use, increasing 
categories of exenatide were accompanied by RRs with wide, overlapping 95% CIs for 
all categories. 

5.6. Residual Confounding Analysis 

Figures 5a and 5b display the apparent relative risk (ARR) plotted against the 
association (OREC) between the exposure (exenatide) and the confounder (smoking) as 
well as the association (RRCD) between the confounder and the outcome (pancreatic 
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cancer), for the LSRD and Impact databases, respectively.  The area to the upper right 
of the curve represents combinations of the RRCD and the OREC required to result in the 
ARR or something more extreme if the un-confounded effect is 1.0.  Combinations to the 
left of the curve represent values that are not sufficient to explain the ARR through 
confounding.  In the case of Figure 5a, the confounding brought about by smoking would 
need to be more strongly associated with the exposure (OREC > 2.00) as well as with the 
pancreatic cancer (RRCD >3 to explain the ARR of 1.5 between exenatide initiation and 
pancreatic cancer.  In Figure 5b, data from the Impact database for pancreatic cancer 
indicates that while the log OREC would need to be very small to explain the association 
between the exposure and smoking, the log RRCD would need to be at least 1.5 to 
explain the ARR of 0.8.   

Similar to the results for the pancreatic cancer in the LSRD, Figure 6a shows that 
smoking would need to be associated with exenatide exposure with an OREC >4.00, 
assuming that smoking were also associated with thyroid cancer with a RRCD >5 in order 
to account for the ARR between exenatide and thyroid cancer.  Figure 6b for the Impact 
database is similar, though the associations between smoking and the exposure (i.e., 
OREC) and confounder (i.e., RRCD) would need to be >2.00.  Based on these results, 
smoking does not seemingly explain the ARR between exenatide initiation and 
pancreatic or thyroid cancer.  Figures 7a (LSRD) and 7b (Impact database) examine the 
potential for residual confounding caused by obesity to explain the ARR between 
exenatide initiation and pancreatic cancer.  In the case of pancreatic cancer in the 
LSRD, the OREC and RRCD would need to be greater than 3 for obesity to account for the 
ARR. In the Impact database, the log RRCD would need to be greater than approximately 
1.5 for obesity to account for the ARR.  The associations between obesity and exenatide 
use and thyroid cancer would need to be much larger (OREC >6.00 and RRCD >3) to 
explain the association found in the LSRD (Figure 8a). While not as extreme, the OREC 
and RRCD would need to be great than 2 in order for obesity to account for the ARR in 
the Impact database (Figure 8b).  Thus, obesity appears unlikely to explain the ARR 
between exenatide initiation and pancreatic or thyroid cancer. 

6. Discussion 

This retrospective cohort study sought to quantify the incidence and risk of pancreatic 
and thyroid cancer among patients with new use of exenatide, a GLP-1 receptor agonist, 
as compared to propensity-score matched users of other antidiabetes medications.  In 
the final cohorts, the combined databases included 18,932 in the matched exenatide 
cohort and 27,691 in the matched OAD cohort.  Baseline characteristics, such as 
gender, age, and cohort entry, as well as baseline diagnosis, procedure, and medication 
utilization were generally balanced between the cohorts.   
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6.1. Findings for Pancreatic Cancer 

In the time-fixed analysis, the overall IR for pancreatic cancer for exenatide and OAD 
initiators ranged from 0.2-0.3 cases per 1,000 person-years in the two databases.  There 
were differences in the IRs and HRs for pancreatic cancer when stratifying by duration of 
follow-up; however, because there were few cases of the outcomes, the confidence 
intervals were wide and the results remain compatible with chance.   

6.2. Findings for Thyroid Cancer 

In the LSRD, the IR for thyroid cancer was 0.4 cases per 1,000 person-years for 
exenatide initiators and 0.2 cases per 1,000 person-years for OAD initiators, while it was 
0.7 cases per 1,000 person-years for exenatide initiators and 0.5 thyroid cancer cases 
per 1,000 person-years for OAD users in the Impact database.  Nonetheless, these 
differences were not statistically significant, including when evaluating both the IRs and 
HRs for thyroid cancer across duration of follow-up.  The analyses of cumulative 
exposure comparing cumulative exenatide dose or duration to non-use (i.e., primarily, 
OAD use), showed somewhat similar findings to the time-fixed results, but again, were 
compatible with chance.  Analyses to rule out residual confounding due to obesity and 
smoking did not demonstrate that such confounding could explain the results of the 
study.  Furthermore, detection bias did not appear to occur in the study. 

6.3. Potential Mechanisms 

In the primary time-fixed analyses, although the IRs of pancreatic and thyroid 
cancer in both cohorts fluctuated with duration of follow-up, a slight decrease of 
IRs was observed in the OAD cohort as the duration of follow-up increased.  The 
larger IRs closer to the start of follow-up could result from the effect of protopathic bias, 
or the bias introduced when symptoms or signs of the outcome lead to the exposure 
(i.e., “reverse causality”).  Worsening glucose control is a symptom of many forms of 
pancreatic cancer 19;20, resulting in modification of antidiabetes drug regimens to help 
control worsening diabetes symptoms.  Indeed, uncontrolled diabetes could necessitate 
switching to second and third-line medications, such as exenatide and other GLP-1 
receptor agonists and DPP-4 inhibitors.  Similarly, certain forms of thyroid cancer can 
occur concomitantly with hyperthyroidism, which can lead to worsening glucose control 
21;22, though there exists some debate on the direction of this association.  Nonetheless, 
a protopathic bias for these cancers would inflate the incidence rate away from zero, and 
potentially explain some of this study’s findings.  Additional understanding of the length 
of the pre-diagnosed phase of thyroid and pancreatic cancer and assessment of patients 
with longer follow-up times may elucidate the presence of a protopathic bias and its 
potential to explain our study results. 
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Research has shown that extreme obesity is an important predictor of developing 
pancreatic or thyroid cancer 16, and obese patients may be more likely to use exenatide 
given that exenatide is preferentially prescribed to patients with poorly-controlled 
diabetes.  Furthermore, smokers are more likely to develop pancreatic cancer 23, despite 
smoking having a seemingly protective effect on the development of thyroid cancer 24.  
Unfortunately, both smoking and obesity are poorly captured by claims data.  Analyses 
using the prevalence of smoking and obesity based on chart-abstracted data from an 
earlier Amylin study of exenatide and pancreatitis demonstrated that residual 
confounding due to unmeasured smoking or obesity could not explain the estimates 
found in the current study. 

In 2007, the FDA issued a safety alert for exenatide and the development of acute 
pancreatitis, and this and other subsequent announcements about a potential link 
between GLP-1 receptor agonists and thyroid cancer could have led to increased 
surveillance and differential detection of pancreatic or thyroid cancer among exenatide 
users.  A comparison of the percentage of exenatide and OAD patients receiving 
diagnoses and/or diagnostic work-ups for pancreatic and thyroid cancer did not uncover 
meaningful differences between the cohorts. 

Because we preferentially selected exenatide use, the person-time of patients in the 
OAD cohort was censored at the time of an exenatide dispensing.  For patients in the 
exenatide cohort, their person-time was not censored for the addition of OADs at the 
time of OADs dispensing.  Although this censoring mechanism is a form of informative 
censoring, it was not anticipated to bias estimates because very few OAD users initiated 
exenatide during follow-up due to the hierarchical cohort selection.     

Other studies have examined the association between exenatide and pancreatic and 
thyroid cancers.  Despite a potential signal of disproportionality in a report summarizing 
serious adverse events 25, in reviews and meta-analyses, as well as in more recent 
observational research, a clear association between exenatide and thyroid cancers was 
not consistently found 7;26;27.  Nonetheless, many of the studies in the reviews/meta-
analysis did not have large sample sizes or lengthy follow-up periods.   

6.4. Strength and Limitations 

A major strength of our study is the use of large administrative claims environments 
consisting of a representative sample of patients with moderately long follow-up. 
Commercial claims data generally have short dwell times relative to other administrative 
databases (e.g., Medicare); however, because of the nature of the population 
(diabetics), average dwell time is likely longer than the overall average dwell time of 
approximately 2 years. In our previous work on pancreatitis6, we observed that patients 
with at least 9 months of continuous enrollment and a diagnosis of diabetes stayed in the 
LSRD for an average of 5 years.  Indeed, using a claims environment can be a useful 
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and efficient method for assessing drug safety questions, and techniques such as 
propensity score techniques can permit careful control of confounding across myriad 
potential covariates.  Despite the large sample size of the LSRD and Impact database, 
the number of thyroid and pancreatic cancer cases was low, leading to wide confidence 
intervals and stratified analyses without cases in some strata.   

Both the LSRD and Impact database include large populations of employer-based, 
health insurance recipients, with comparable general characteristics.  However, 
formulary and coverage differences inherent in the respective insurance environments 
could lead to differential ascertainment of case or exposure status by database and 
consequently affect the IRs and HRs in the constituent databases.  Indeed, there were 
differences in the direction and strength of point estimates between databases.  Despite 
the differences, determining the underlying reasons (e.g., unmeasured confounding) for 
variability is difficult to disentangle, given the small number of outcomes and the 
sensitivity of relative measures of effect, such as HRs, to small numbers. 

This study is based on an analysis of automated medical and prescription claims.  While 
claims data are extremely valuable for the efficient and effective examination of health 
care outcomes, treatment patterns, health care resource utilization, and costs, all claims 
databases have certain inherent limitations because the claims are collected for the 
purpose of payment and not research.  Presence of a claim for a filled prescription does 
not indicate that the medication was consumed or that it was taken as prescribed.  
Medications filled over-the-counter or provided as samples by the physician will not be 
observed in the claims data.  Presence of a diagnosis code on a medical claim is not 
positive presence of disease, as the diagnosis code may be incorrectly coded or 
included as rule-out criteria rather than actual disease.  Duration of follow-up can be 
limited in the insurance claims database due to individuals changing health insurance 
plans. 

The use of medical records as the gold standard for outcome classification is also a 
limitation of this analysis.  Indeed, the estimated PPVs are likely an underestimate of the 
true PPVs if some of the medical records were inconclusive, but did in fact have either 
pancreatic or thyroid cancer.  Therefore, these findings could be viewed as conservative 
estimates of the claims accuracy for identifying cases of these cancers. 

6.5. Conclusions 

These analyses do not support or refute the presence of an increased incidence of 
pancreatic or thyroid cancers among exenatide initiators when compared to other 
antidiabetes drug initiators.  There were differences in the direction and strength of point 
estimates between the two different databases.  Determining the underlying reasons 
(e.g., chance, unmeasured confounding, detection bias, and/or protopathic bias) for 
variability is challenging given the small number of outcomes.   
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N % N % N % N % N % N %
Identified in Claims Data 11 100 50 100 12 100 41 100 11 100 27 100
Retained after Profile Review 
(Charts Sought)

11 100 50 100 12 100 41 100 11 100 27 100

Charts Received 8 72.7 36 72.0 9 75.0 35 85.4 11 100 24 88.9

Table 3. Proportion of Medical Records Identified and Acquired for Pancreatic Cancer and Thyroid Neoplasm 
by Cohort, Life Sciences Research Database1

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-sulfonylureas, dipeptidyl 
peptidase-4 inhibitor, glucagon-like peptide-1 agonists, pramlintide, alpha-glucosidase inhibitors, and insulins. 

Pancreatic Cancer 
(N = 61)

Thyroid Cancer 
(N = 53)

Benign Thyroid 
Neoplasm 

(N = 38)
Exenatide 
(N = 11)

OAD 
(N = 50)

Exenatide 
(N = 12)

OAD 
(N = 41)

1 Medical records were sought for all cases of pancreatic or thyroid cancer among patients in the study cohorts in the Life Sciences 
Research Database.

Exenatide 
(N = 11)

OAD 
(N = 27)
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Chart-
Confirmed 

Chart-
Received

Pancreatic Cancer
Identified by Relaxed Algorithm1 26 44 0.59 (0.43 - 0.74)
Identified by Restrictive Algorithm 17 26 0.65 (0.44 - 0.83)
Identified by Revised Restrictive 
Algorithm2* 14 16 0.88 (0.62 - 0.98)

Identified by Relaxed Algorithm1 29 44 0.66 (0.50 - 0.80)
Identified by Restrictive Algorithm* 20 21 0.95 (0.76 - 1.00)

Identified by Relaxed Algorithm1 26 40 0.65 (0.48 - 0.79)
Identified by Restrictive Algorithm* 20 21 0.95 (0.76 - 1.00)

Identified by Relaxed Algorithm1* 3 4 0.75 (0.19 - 0.99)
Identified by Restrictive Algorithm 0 0 - -

Benign Thyroid Neoplasm 
Identified by Relaxed Algorithm1 28 35 0.80 (0.63 - 0.92)
Identified by Restrictive Algorithm* 11 12 0.92 (0.62 - 1.00)

*Algorithms were used in the data analysis

2 Revised restrictive algorithms with removal of history of selected types of cancers, including malignant neoplasms 
of the: esophagus, stomach, small intestine (including duodenum), colon, rectum, rectosigmoid junction, anus, liver 
and intrahepatic bile ducts, gallbladder and extrahepatic bile ducts, other and ill-defined sites within the digestive 
organs and peritoneum, trachea, bronchus, lung, other and ill-defined sites within the respiratory system and 
intrathoracic organs, connective and other soft tissue (abdomen), bladder, and other ill-defined sites (abdomen). 

Table 3.1. The Positive Predictive Value of Algorithm-Identified Cases Before and After Algorithm 
Refinement, Life Sciences Research Database

Algorithm-Identified Pancreatic Cancer 
Cases Positive 

Predictive 
Value

95% 
Confidence 

Interval

Thyroid Cancer (all)

Non-Medullary Thyroid Cancer

Medullary Thyroid Cancer

1 Inclusion of definite cases and probable cases from adjudication
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N % N %
Pancreatic Cancer 6 100 20 100

Stage I 0 0.0 0 0.0
Stage II 1 16.7 4 20.0
Stage III 2 33.3 2 10.0
Stage VI 1 16.7 8 40.0
Unknown 2 33.3 6 30.0

Thyroid Cancer 6 100 23 100
Stage I 3 50.0 12 52.2
Stage II 0 0.0 1 4.3
Stage III 1 16.7 1 4.3
Stage VI 1 16.7 3 13.0
Unknown 1 16.7 6 26.1

Non-Medullary Thyroid Cancer 6 100 20 100
Stage I 3 50.0 12 60.0
Stage II 0 0.0 1 5.0
Stage III 1 16.7 1 5.0
Stage VI 1 16.7 2 10.0
Unknown 1 16.7 4 20.0

Medullary Thyroid Cancer 0 0.0 3 100
Stage I 0 0.0 0 0.0
Stage II 0 0.0 0 0.0
Stage III 0 0.0 0 0.0
Stage VI 0 0.0 1 33.3
Unknown 0 0.0 2 66.7

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-
sulfonylureas, dipeptidyl peptidase-4 inhibitor, glucagon-like peptide-1 agonists, pramlintide, alpha-
glucosidase inhibitors, and insulins. 

OAD (N = 122)Exenatide (N = 36)

Table 3.2. Description of Tumor Stage of Chart-Reviewed Outcomes by Cohorts, Life Sciences 
Research Database

Tumor Stage
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(N = 11,986) % (N= 17,603) %
Pancreatic Diseases

Abdominal pain 2,889 24.1 4,209 23.9
Other nonspecific abnormal serum 
enzyme levels

164 1.4 274 1.6

Malignant Neoplasm of Pancreas 17 0.1 27 0.2
Malignant Neoplasm of Head of Pancreas 6 0.1 8 0.0
Malignant Neoplasm of Body of Pancreas 4 0.0 4 0.0
Malignant Neoplasm of Tail of Pancreas 1 0.0 1 0.0
Malignant Neoplasm of Pancreatic Duct 1 0.0 1 0.0
Malignant Neoplasm of Islets of 
Langerhans

1 0.0 2 0.0

Malignant Neoplasm of Other Spec Sites 
of Pancreas

4 0.0 6 0.0

Malignant Neoplasm of Pancreas, Part 
Unspecified

16 0.1 21 0.1

Benign Neoplasm of the Pancreas (Excl) 12 0.1 14 0.1
Pancreatic Diagnostic Procedures

Lipase 893 7.5 1,107 6.3
Amylase 861 7.2 1,083 6.2
Abdominal ultrasound 1,709 14.3 2,413 13.7
Biopsy of pancreas 3 0.0 2 0.0
Pancreatectomy 7 0.1 7 0.0
Endobronchial Ultrasound 4 0.0 4 0.0
Magnetic Resonance  Imaging, abdomen 245 2.0 330 1.9
Magnetic Resonance 
cholangiopancreatography

2 0.0 2 0.0

Endoscopic retrograde 
cholangiopancreatography

47 0.4 68 0.4

Other operations on pancreas 3 0.0 6 0.0
X-ray for pancreas 84 0.7 115 0.7
Micro exam of pancreas 0 0.0 0 0.0
Appendectomy/Appendicitis 32 0.3 50 0.3

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-sulfonylureas, 
pramlintide, alpha-glucosidase inhibitors, and insulins. 

Table 3.3a. Prevalence of Pancreatic Disease and Diagnostic Procedures During the Follow-Up 
Period, Excluding People with Baseline DDP-4 Inhibitors/GLP-1 Receptor Agonist Use, Life 
Sciences Research Database 6/1/2005�7/31/2010

Description Exenatide OAD 
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(N = 6,959) % (N= 10,109)  %
Pancreatic Diseases

Abdominal pain 1,504 21.6 2,181 21.6
Other nonspecific abnormal serum 
enzyme levels

72 1.0 97 1.0

Malignant Neoplasm of Pancreas 12 0.2 12 0.1
Malignant Neoplasm of Head of Pancreas 5 0.1 6 0.1
Malignant Neoplasm of Body of Pancreas 2 0.0 2 0.0
Malignant Neoplasm of Tail of Pancreas 3 0.0 0 0.0
Malignant Neoplasm of Pancreatic Duct 2 0.0 1 0.0
Malignant Neoplasm of Islets of 
Langerhans

0 0.0 1 0.0

Malignant Neoplasm of Other Spec Sites 
of Pancreas

6 0.1 4 0.0

Malignant Neoplasm of Pancreas, Part 
Unspecified

11 0.2 7 0.1

Benign Neoplasm of the Pancreas (Excl) 2 0.0 5 0.0
Pancreatic Diagnostic Procedures

Lipase 514 7.4 676 6.7
Amylase 529 7.6 720 7.1
Abdominal ultrasound 1,018 14.6 1,410 13.9
Biopsy of pancreas 1 0.0 0 0.0
Pancreatectomy 3 0.0 5 0.0
Endobronchial Ultrasound 1 0.0 1 0.0
Magnetic Resonance  Imaging, abdomen 124 1.8 201 2.0
Magnetic Resonance 
cholangiopancreatography

0 0.0 3 0.0

Endoscopic retrograde 
cholangiopancreatography

27 0.4 43 0.4

Other operations on pancreas 2 0.0 4 0.0
X-ray for pancreas 42 0.6 63 0.6
Micro exam of pancreas 0 0.0 0 0.0
Appendectomy/Appendicitis 31 0.4 30 0.3

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-sulfonylureas, 
pramlintide, alpha-glucosidase inhibitors, and insulins. 

Description

Table 3.3b. Prevalence of Pancreatic Diseases and Diagnostic Procedures During the Follow-Up 
Period, Excluding People with Baseline DDP-4 Inhibitors/GLP-1 Receptor Agonist Use, Impact 
National Benchmark Databases 6/1/2005�7/31/2010

Exenatide OAD 
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(N = 11,980)  % (N= 17,597) %
Thyroid Diseases

Malignant Neoplasm of Thyroid Gland 23 0.2 23 0.1
Benign Neoplasm of Thyroid Glands (OC) 17 0.1 27 0.2
Benign Neoplasm of Thyroid Glands 
(Excl)

49 0.4 68 0.4

Malignant Neoplasm of Thyroid Gland 
(Excl)

32 0.3 32 0.2

Thyroid Diagnostic Procedures
Thyrotropin releasing hormone 5,611 46.8 7,569 43.0
T3, T4 testing 4,017 33.5 5,224 29.7
CT, soft tissue neck 171 1.4 287 1.6
Thyroid imaging 991 8.3 1,410 8.0
Ultrasound of head and neck 686 5.7 800 4.5
Biopsy thyroid 43 0.4 41 0.2
Thyroidectomy 51 0.4 64 0.4
Other operations on thyroid 4 0.0 5 0.0
Cancer chemotherapy 54 0.5 108 0.6
Therapeutic rediology 260 2.2 467 2.7
Radioiodine therapy 56 0.5 75 0.4
Calcitonin 16 0.1 17 0.1

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-sulfonylureas, 
pramlintide, alpha-glucosidase inhibitors, and insulins. 

Exenatide OAD 

Table 3.4a. Prevalence of Thyroid Diseases and Diagnostic Procedures During the Follow-Up 
Period,  Excluding People with Baseline DDP-4 Inhibitors/GLP-1 Receptor Agonist Use, Life 
Sciences Research Database 6/1/2005�7/31/2010

Description
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(N = 6,954)  % (N = 10,098) %
Thyroid Diseases

Malignant Neoplasm of Thyroid Gland 13 0.2 15 0.1
Benign Neoplasm of Thyroid Glands (OC) 8 0.1 18 0.2
Benign Neoplasm of Thyroid Glands 
(Excl)

28 0.4 53 0.5

Malignant Neoplasm of Thyroid Gland 
(Excl)

19 0.3 25 0.2

Thyroid Diagnostic Procedures
Thyrotropin releasing hormone 3,208 46.1 4,388 43.5
T3, T4 testing 1,943 27.9 2,358 23.4
CT, soft tissue neck 110 1.6 136 1.3
Thyroid imaging 41 0.6 70 0.7
Ultrasound of head and neck 372 5.3 421 4.2
Biopsy thyroid 23 0.3 25 0.2
Thyroidectomy 28 0.4 32 0.3
Other operations on thyroid 1 0.0 3 0.0
Cancer chemotherapy 7 0.1 12 0.1
Therapeutic rediology 118 1.7 219 2.2
Radioiodine therapy 59 0.8 76 0.8
Calcitonin 8 0.1 10 0.1

Table 3.4b. Prevalence of Thyroid Diseases and Diagnostic Procedures During the Follow-Up 
Period,  Excluding People with Baseline DDP-4 Inhibitors/GLP-1 Receptor Agonist Use, Impact 
National Benchmark Databases 6/1/2005�7/31/2010

Note: OADs=Other antidiabetes drugs include metformin, thiazolidinediones, sulfonylureas, non-sulfonylureas, 
pramlintide, alpha-glucosidase inhibitors, and insulins. 

Description OAD Exenatide
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N % N %
Confirmed Case 2 15.38 5 33.33
Not Confirmed Case 3 23.08 2 13.33
Chart Not Obtained 8 61.54 8 53.33
1Included cases met the revised restrictive algorithm for pancreatic cancer cases and the original restrictive algorithm for the 
thyroid cancer cases.  These numbers do not include cases with DPP-4/GLP-1 use during the baseline period or cases occurring 
before 1 year of follow-up.

Table 3.5. Comparison of Algorithm-Defined Cases Included in the Analysis by Chart Abstraction Status, Life 
Sciences Research Database 6/1/2005�7/31/2010

Pancreatic Cancer Thyroid Cancer
Algorithm-Identified1 Cancer Outcome Included in the Analysis

Chart Status
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*Exposure prevalence in the Life Sciences Research Database =41%.  Assumes the unmeasured 
confounder is present in 11% of the study population.  ARR=1.5 is the observed HR of pancreatic cancer 
comparing exenatide to other antidiabetes drugs.  OREC is the odds ratio of the association between 
exenatide exposure and the unmeasured confounder.  RRCD is the Relative Risk of the association 
between the unmeasured confounder and pancreatic cancer.   
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*Exposure prevalence in the Impact database =41%.  Assumes the unmeasured confounder is present in 
11% of the study population.  ARR=0.8 is the observed HR of pancreatic cancer comparing exenatide to 
other antidiabetes drugs.  OREC is the odds ratio of the association between exenatide exposure and the 
unmeasured confounder.  RRCD is the Relative Risk of the association between the unmeasured 
confounder and pancreatic cancer.  NOTE: This graph is on a logarithmic scale for the purposes of 
interpretability.  

Figure 5a. Evaluation of the Confounding Caused by Smoking Needed to Explain the 
Apparent Relative Risk of Pancreatic Cancer, Life Sciences Research Database* 

Figure 5b. Evaluation of the Confounding Caused by Smoking Needed to Explain the 
Apparent Relative Risk of Pancreatic Cancer, Impact Database* 
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*Exposure prevalence in the Life Sciences Research Database =41%.  Assumes the unmeasured 
confounder is present in 11% of the study population.  ARR=1.8 is the observed HR of thyroid cancer 
comparing exenatide to other antidiabetes drugs.  OREC is the odds ratio of the association between 
exenatide exposure and the unmeasured confounder.  RRCD is the relative risk of the association between 
the unmeasured confounder and thyroid cancer.   
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*Exposure prevalence in the Impact database =41%.  Assumes the unmeasured confounder is present in 
11% of the study population.  ARR=1.3 is the observed HR of thyroid cancer comparing exenatide to 
other antidiabetes drugs.  OREC is the odds ratio of the association between exenatide exposure and the 
unmeasured confounder.  RRCD is the relative risk of the association between the unmeasured 
confounder and thyroid cancer.   
 

Figure 6b. Evaluation of the Confounding Caused by Smoking Needed to Explain the 
Apparent Relative Risk of Thyroid Cancer, Impact Database* 

Figure 6a. Evaluation of the Confounding Caused by Smoking Needed to Explain the 
Apparent Relative Risk of Thyroid Cancer, Life Sciences Research Database* 
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*Exposure prevalence in the Life Sciences Research Database =41%.  Assumes the unmeasured 
confounder is present in 57% of the study population.  ARR=1.5 is the observed HR of pancreatic cancer 
comparing exenatide to other antidiabetes drugs.  OREC is the odds ratio of the association between 
exenatide exposure and the unmeasured confounder.  RRCD is the relative risk of the association between 
the unmeasured confounder and pancreatic cancer.   
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*Exposure prevalence in the Impact database =41%.  Assumes the unmeasured confounder is present in 
57% of the study population.  ARR=0.8 is the observed HR of pancreatic cancer comparing exenatide to 
other antidiabetes drugs.  OREC is the odds ratio of the association between exenatide exposure and the 
unmeasured confounder.  RRCD is the relative risk of the association between the unmeasured 
confounder and pancreatic cancer.  NOTE: This graph is on a logarithmic scale for the purposes of 
interpretability.  
 
 

Figure 7b. Evaluation of the Confounding Caused by Obesity Needed to Explain the 
Apparent Relative Risk of Pancreatic Cancer, Impact Database* 

Figure 7a. Evaluation of the Confounding Caused by Obesity Needed to Explain the 
Apparent Relative Risk of Pancreatic Cancer, Life Sciences Research Database* 
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*Exposure prevalence in the Life Sciences Research Database =41%.  Assumes the unmeasured 
confounder is present in 57% of the study population.  ARR=1.8 is the observed HR of thyroid cancer 
comparing exenatide to other antidiabetes drugs.  OREC is the odds ratio of the association between 
exenatide exposure and the unmeasured confounder.  RRCD is the relative risk of the association between 
the unmeasured confounder and thyroid cancer.   
NOTE: The Y-axis for this chart goes to 100.00 due to the extreme values of the OREC.  
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*Exposure prevalence in the Impact database =41%.  Assumes the unmeasured confounder is present in 
57% of the study population.  ARR=1.3 is the observed HR of thyroid cancer comparing exenatide to 
other antidiabetes drugs.  OREC is the odds ratio of the association between exenatide exposure and the 
unmeasured confounder.  RRCD is the relative risk of the association between the unmeasured 
confounder and thyroid cancer.   

Figure 8b. Evaluation of the Confounding Caused by Obesity Needed to Explain the 
Apparent Relative Risk of Thyroid Cancer, Impact Database* 

Figure 8a. Evaluation of the Confounding Caused by Obesity Needed to Explain the 
Apparent Relative Risk of Thyroid Cancer, Life Sciences Research Database* 
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9. Appendices  

Appendix I. Other Antidiabetes Drugs (OADs) Excluding Dipeptidyl Peptidase-4 /  
Glucagon-like Peptide-1 (DPP-4/GLP-1) Receptor Agonist 

METFORMIN 
METFORMIN HCL 
METFORMIN/CAFF/AA7/HRB125/CHOL 
METFORMIN/AA COMB.#7/HC#125/CH 

SULFONYLUREAS  
ACETOHEXAMIDE 
TOLBUTAMIDE 
CHLORPROPAMIDE 
TOLAZAMIDE 
GLYBURIDE 
GLIPIZIDE 
GLIMEPIRIDE 

THIAZOLIDINEDIONES  
TROGLITAZONE 
ROSIGLITAZONE MALEATE 
PIOGLITAZONE HCL 

AMYLINOMIMETICS 
PRAMLINTIDE ACETATE 

NONSULFONYLUREA SECRETAGOGUES 
REPAGLINIDE 
NATEGLINIDE 

ALPHA–GLUCOSIDASE INHIBITORS 
ACARBOSE 
MIGLITOL 

INSULINS
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Appendix II. Diagnosis Codes for Pancreatic Cancer and Thyroid Neoplasm 
 
The International Classification of Diseases, 9th Revision (ICD–9) diagnosis codes for 
identification of pancreatic cancer and thyroid neoplasm.  
 
 

ICD–9  Description 
 Pancreatic Cancer 
157.X Malignant neoplasm of pancreas 
157.0 Malignant neoplasm of head of pancreas 
157.1 Malignant neoplasm of body of pancreas 
157.2 Malignant neoplasm of tail of pancreas 
157.3 Malignant neoplasm of pancreatic duct 
157.4 Malignant neoplasm of islets of Langerhans 
157.8 Malignant neoplasm of other specified sites of pancreas 
157.9 Malignant neoplasm of pancreas, part unspecified 

Thyroid Neoplasm 
193 Malignant neoplasm of thyroid gland 
226 Benign neoplasm of thyroid glands 
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Appendix III. Restrictive Algorithms for Pancreatic Cancer and Thyroid Neoplasm 
 

1. Case Algorithm for Pancreatic Cancer  
a. Any in– or out– patient diagnosis codes of pancreatic cancer, and 
b. Without a diagnosis of benign pancreatic neoplasm within 60 days after the 

diagnosis of pancreatic cancer, and  
c. With one or more pancreas surgery, chemotherapy or radiation therapy within 

180 days after the diagnosis of pancreatic cancer, and 
d. Without a diagnosis of other cancers (see list below) within 60 days before 

or after the diagnosis of pancreatic cancer 
 

ICD-9 code Cancer 
150.xx Malignant neoplasm of esophagus 
151.xx Malignant neoplasm of stomach 
152.xx Malignant neoplasm of small intestine, including duodenum 
153.xx Malignant neoplasm colon 
154.xx Malignant neoplasm of rectum, rectosigmoid junction, and anus 
155.xx Malignant neoplasm of liver and intrahepatic bile ducts 
156.xx Malignant neoplasm of gallbladder and extrahepatic bile ducts 
158.xx Malignant neoplasm of retroperitoneum and peritoneum 

159.xx 
Malignant neoplasm of other and ill-defined sites within the digestive 
organs and peritoneum 

162.xx Malignant neoplasm of trachea, bronchus, and lung 

165.xx  
Malignant neoplasm of other and ill-defined sites within the 
respiratory system and intrathoracic organs 

171.5  Malignant neoplasm of connective and other soft tissue (Abdomen) 
188.xx Malignant neoplasm of bladder 
195.2 Malignant neoplasm of other and ill-defined sites (Abdomen) 

 
2. Case Algorithm for Thyroid Cancer  

a. Any in– or out– patient diagnosis codes of thyroid cancer, and 
b. Without a diagnosis of benign thyroid neoplasm within 60 days after the 

diagnosis of thyroid cancer, and  
c. With one or more of thyroid surgery, chemotherapy, radioiodine therapy or 

radiation therapy within 180 days after the diagnosis of thyroid cancer 
 

3. Case Algorithm for Medullary Thyroid Cancer (MTC)  
a. Any in– or out– patient diagnosis codes of thyroid cancer, and 
b. Without a diagnosis of benign thyroid neoplasm within 60 days after the 

diagnosis of thyroid cancer, and  
c. With 2 or more of thyroid surgery, chemotherapy, radioiodine therapy or 

radiation therapy plus thyroid hormone replacement therapy within 180 days 
after the diagnosis of thyroid cancer, and  

d. With one or more claims evidence of serum calcitonin levels within 180 days 
after thyroid surgery or thyroid cancer diagnosis  
 
NOTE: A relaxed algorithm was used in the final analysis of MTC.  That algorithm  
included either 3.a+3.b +3.d or 3.a+3.c +3.d.

 
4. Case Algorithm for Benign Thyroid Neoplasm   

a. Any in– or out– patient diagnosis codes of benign thyroid neoplasm, and 
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b. Without a diagnosis of thyroid cancer within 60 days after the diagnosis of benign 
thyroid neoplasm, and  

c. With biopsy claims within 90 days before the diagnosis of benign thyroid 
neoplasm 

 
Please note that the date of diagnosis above refers to the date of first claim for the diagnosis. 
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