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Abstract

Aims: Both acute pancreatitis (AP) and pancreatic cancer (PC) have been areas of

focus for studies of incretin drugs. This 5-year prospective cohort study aimed to

quantify possible associations between liraglutide and risk of AP and PC as compared

to other antidiabetic drugs (ADs).

Materials and methods: Patients initiating liraglutide or other ADs who were enrolled

in a US health plan (2010-2014) were included. Comparisons of AP and PC incidence

rates were made between matched cohorts of liraglutide initiators and initiators of

other ADs. Adjudicated AP cases and algorithm-based PC cases were identified. Pro-

pensity score-matched intention-to-treat (ITT) and time-on-drug (TOD) analyses

were completed using Poisson regression. A latency analysis was performed for PC.

Results: Median follow-up was 405 days for AP cohorts (9995 liraglutide, 1:1 mat-

ched to all comparators) and 503 days for PC cohorts (35 163 liraglutide, 1:1 mat-

ched to all comparators). In the primary AP analysis, “current” use of liraglutide was

not significantly associated with elevated risk across comparators (all comparators

relative risk [RR] = 1.2; 95% confidence interval [CI], 0.6-2.3). ITT results were similar

where, in the primary analysis, no RRs were significantly associated with PC (all com-

parators RR = 0.7; 95% CI, 0.3-1.4); latency and TOD analyses did not alter findings.

There was no evidence of a dose-response effect.

Conclusions: Liraglutide was not associated with an increased risk of AP or PC,

although risk estimates were more variable for AP, and numbers of cases for both

outcomes were limited because of the rarity of outcomes.

1 | INTRODUCTION

Approximately 30 million people have diabetes in the United States (US),1

the majority of which will not meet their therapeutic goals despite treat-

ment with multiple ADs.2 Incretin-based drugs, including glucagon-like

peptide 1 receptor agonists (GLP-1 RAs), are an important addition to the

therapeutic options available for treatment of type 2 diabetes (T2D).3 This

class of drugs is associated with a reduction in glycated haemoglobin

(HbA1c), weight loss and minimal risk of hypoglycaemia.4-7 A reduced risk

of cardiovascular events was also seen for some drugs in this class.8,9
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After introduction of the first GLP-1 RA, exenatide twice-daily,

questions were raised about an increased risk of acute pancreatitis

(AP) and pancreatic cancer (PC). The US Food and Drug Administration

(FDA) and European Medicines Agency reviewed the totality of existing

data but, to date, a final conclusion has not been rendered regarding a

causal association between GLP-1 RA therapies and either AP or PC;

therefore, they remain safety risks for these drugs. Both agencies called

for more research in this area.10,11 Thus, this post-marketing regulatory

requirement supplements the growing body of studies utilizing real

world data and methods to address concerns about confounding and

bias in observational studies. A previously published brief report pro-

vided early results12; this manuscript presents the final analyses.

Several studies using randomized clinical trial (RCT) methods or

observational methods have already been published concerning this

topic. Glycaemic control trials of liraglutide,13 which belongs to the GLP-

1 RA class, revealed more cases of AP in liraglutide arms as compared

with control arms, although this was not confirmed in the Liraglutide

Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome

Results (LEADER) trial.14 While RCTs have been used in a number of

evaluations, data from observational studies provide an important source

of supplemental evidence.15 Non-clinical data concerning the effects of

GLP-1 mimetic drugs do not support a mechanism of action affecting

the exocrine pancreas.16 Numerous observational studies, as well as

RCTs, have examined the risk of AP or PC in relation to GLP-1 RA and

other incretin therapies (dipeptidyl peptidase-4 inhibitor [DPP-4i]), with

mixed findings.17 Recent meta-analyses, however, have provided

increasing support that pancreatitis and PC are not a major concern in

populations treated with incretin-based therapies.15,18,19 This study

aimed to estimate the risks of AP and PC in cohorts of patients initiating

liraglutide as compared to initiators of other non-insulin ADs.

2 | MATERIALS AND METHODS

2.1 | Data source

This prospective cohort study was conducted using the Optum

Research Database (ORD), which includes a large, geographically

diverse population of commercial health insurance enrollees. The

ORD contains enrollment data, medical claims and pharmacy claims;

enrollment in 2014 included approximately 13.9 million individuals

with both medical and pharmacy benefits and comprises approxi-

mately 4% of the US population. This study was approved by the New

England Institutional Review Board and Privacy Board.

2.2 | Study design and study data

A new-user, active-comparator design was used for this study.20

Patients were adult initiators of liraglutide or another non-insulin AD

who had been continuously enrolled for at least 6 months prior to ini-

tiation of a study drug (baseline period), with no dispensing of that

drug or drug class during baseline. The accrual period was 1 February

2010 to 31 December 2013 for the AP cohort, and recruitment for

the PC cohort continued through 30 November 2014. For comparison

to liraglutide, cohorts were created for exenatide, metformin,

pioglitazone, a sulfonylurea (SU) (glyburide, glipizide or glimepiride) or

a DPP-4i (sitagliptin, saxagliptin or linagliptin) and for three summary

comparators: all comparators combined, all comparators excluding

exenatide, to address potential GLP-1 RA effect, and all comparators

excluding exenatide and DPP-4i, to address potential incretin effect.

Follow-up began on the day after first observed dispensing of a

study drug (index date) and continued until disenrollment, censoring

or end of study period (31 March 2014 for AP, 31 December 2014

for PC), whichever took place first. The AP cohorts were restricted to

the sub-population for whom medical records could be requested to

confirm AP outcome and patients with a diagnosis of AP or chronic

pancreatitis (ICD-9577.1) at baseline were excluded. Patients with a

PC diagnosis during baseline were excluded from both cohorts.

2.3 | Propensity Score (PS) matching

Logistic regression modeled the PS as the predicted probability of

initiating liraglutide vs comparison treatment, conditional on

covariates.21 A number of covariates were included in the PS to address

confounding,22 with some forced into the model, including age, region,

health care utilization metrics, number of unique ADs, diabetes severity,23

AD use and outcome-specific risk factors. For AP cohorts, additional

covariates included abdominal pain, cholelithiasis, cholecystectomy, pan-

creatic disease, overweight and smoking/alcohol use.24 For PC cohorts,

covariates for pancreatitis, other pancreatic disease, smoking/alcohol use

and race were included. To account for changes in prescribing patterns

and availability of ADs on the market, PS estimation and matching were

performed within calendar periods for each comparator.25 For the first

three years, cohorts were created by calendar quarter and annually there-

after for the remaining recruitment time. Separately for AP and PC ana-

lyses, the eight comparator cohorts were matched 1:1 to liraglutide

initiators within each period using a greedy matching algorithm.26

Many patients initiated more than one study drug. Subsequent initia-

tors who did not match during one recruitment time block, but who initi-

ated any study drug during a later block, were again eligible for matching

with PS, re-estimated using the baseline period prior to that initiation.

Patients could enter into multiple matched cohorts over the study period

but were allowed to match into a drug cohort pair only once.

2.4 | Outcome definitions

Potential AP cases were initially identified by ICD-9 code 577.0,

which does not include chronic pancreatitis, cysts or pseudocysts of

the pancreas, or other diseases of the pancreas. Because the positive

predictive value (PPV) for AP is typically low,27 medical charts were

reviewed by a gastroenterologist. The algorithm for confirming AP as

“definite” or “probable” included:

1. Report of abdominal pain and;

2. Lipase levels ≥3× upper limit normal (ULN) or 300 units per liter

(U/L) (if normal range not noted) or amylase levels ≥5× ULN or

1000 U/L (if normal range not noted) and/or;
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3. Imaging diagnostic for, or suggestive of, AP.28

Definite cases (three of the three criteria) and probable cases (cri-

terion 1 and criterion 2 or 3) were considered confirmed cases. Final

analyses included cases of AP that were confirmed through this medi-

cal chart review/adjudication.

PC cases were identified, employing a validated algorithm (PPV of

0.88 [95% CI 0.62-0.98])29 which required all of the following criteria:

• Claim with an inpatient or outpatient diagnosis of PC (ICD-

9157.xx)

• No diagnosis of benign pancreatic neoplasm within 60 days after

PC diagnosis

• Procedures indicating pancreatic surgery, chemotherapy or radia-

tion therapy within 180 days after PC diagnosis

• No diagnosis of other cancers (ICD-9150.xx-156.xx, 158.xx, 159.

xx, 162.xx, 165.xx, 171.5, 188.xx, 195.2) within 60 days before or

after PC diagnosis

2.5 | Analyses

Baseline covariates and distribution of time-to-event for AP and PC

were summarized for liraglutide initiators and all comparators. Analytic

methods separately quantified risks associated with drug initiation,

recency of use and cumulative exposure. ITT analyses quantified the

risk associated with initiating treatment, attributing follow-up time to

drug used at matched cohort entry. Incidence rates (IR per 100 000

person-years [PYs]) were estimated as the number of cases divided by

PYs at-risk. Poisson regression was used to compute estimated inci-

dence rate ratios (RRs) and 95% CIs. Generalized estimating equations

(GEE) were used to account for the paired nature of the matched

cohorts.30 For PC, a sensitivity analysis was performed, excluding the

first year of follow-up to avoid inclusion of prevalent cases and to

account for expected latency of PC.

For each outcome, TOD analyses evaluated the effect of treat-

ment within ‘current’, ‘recent’, and ‘past’ categories. “Current” use

included first day of follow-up through end of days supplied, with an

additional 31 days to account for medication non-adherence. Refill

dispensings that were observed during these 31 days resulted in con-

tinuous “current” use time. “Recent” use began at the end of “current”

time and continued for another 31 days. Subsequent person-time was

categorized as “past” use, which persisted unless the patient re-

initiated the same treatment, thereby re-entering “current” use.

Poisson regression was used to estimate the RRs and 95% CIs for

“current,” “recent” and “past” use of liraglutide vs the corresponding

comparator category, adjusted by the logit of the PS to address

confounding.

Another TOD analysis addressed potential for a dose-response

relationship through calculation of cumulative time on liraglutide.

Cumulative time exposed and unexposed to liraglutide during follow-

up was quantified for PC, and IR was determined within each expo-

sure type. Estimates of RR were made using Poisson regression within

categories of cumulative time (short [<6 months], moderate

[6-18 months] and long [>8 months]) relative to all “liraglutide

unexposed” time, adjusted for the logit of the PS. The TOD analysis

was the primary analysis for AP, with focus on “current” time, given

the acute nature of AP, while the ITT analysis was the primary analysis

for PC.

3 | RESULTS

3.1 | Acute pancreatitis

Among first observed initiations for each patient, 8499 initiated

liraglutide and 100 161 initiated comparators. A total of 9995

liraglutide initiations, including first and subsequent initiations, were

1:1 matched to all comparator initiations. Selected baseline covariate

distributions for the liraglutide:all comparators pair before and after

matching for the AP analysis are displayed in Table 1. The matched

pairs were well balanced. Distributions for all covariates are available

in Appendix S1 (Table S1a) in File S1.

Overall median follow-up time was 405 days (interquartile range

[IQR] 181-747 days), ranging from 335 days (SUs) to 469 days

(pioglitazone). Within each matched set, median lengths of follow-up

were similar.

Charts were requested for 350 patients with an AP diagnosis.

Overall, 180 AP cases were confirmed through adjudication; 15 were

dropped for administrative reasons or baseline exclusions, leaving

165. More details on the adjudication process are available in Appen-

dix S2 in File S1.

Median time from matched cohort entry until AP diagnosis was

421 days (IQR,248-611) for liraglutide compared with 286 days (IQR,

127-565) for all comparators. Cases in the liraglutide cohorts experi-

enced consistently longer times to diagnosis. Distributions of time to

AP diagnosis are available for all pairs in Appendix S3 in File S1.

The results of AP analyses are presented in Figure 1. In the TOD

analysis, RRs for “current” use ranged from 0.6 (95% CI, 0.2-1.8, sulfo-

nylurea) to 1.9 (95% CI, 0.7-4.9, metformin). RRs varied substantially

for “recent” use; however, these RRs were based on small numbers of

cases and limited PYs, and thus could not be calculated for two com-

parisons. In general, RRs for “past” use were higher than estimates of

“current” and “recent” use.

In the ITT analyses, RRs ranged from 1.1 (95% CI, 0.5-2.3, sulfo-

nylurea) to 4.0 (95% CI, 0.8-18.7, pioglitazone), with one statistically

significant elevated risk (RR 2.5 [95% CI, 1.1-5.6, all comparators

except exenatide and DPP-4is]).

3.2 | Pancreatic cancer

Among first observed initiations for each patient, 27 283 were

liraglutide initiations and 362 539 were initiations of any comparator.

A total of 35 163 liraglutide initiations, including first and subsequent,

were matched to all comparators initiations. Distributions of select

baseline covariates pre- and post-matching for the liraglutide:all com-

parators pair are displayed in Table 2 (see also Appendix S1,

Table S1b in File S1). Similar covariate balance was found for all other
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pairs. Median length of follow-up was 503 days (IQR, 216-966).

Length of follow-up varied across matched drug cohorts, but was sim-

ilar within.

A total of 240 claims-based cases were identified, with 10 among

liraglutide initiators. Median days to PC diagnosis were 369 (IQR,

226-1099, liraglutide) and 318 (IQR, 161-627, all comparators) (see

Appendix S3 in File S1 for time to PC diagnosis). Results of PC ana-

lyses are displayed in Figure 2.

In the primary analysis (ITT), IRs were 21.4/100 000 PYs

(liraglutide) vs 31.5/100 000 PYs (all comparators). RRs ranged from

0.5 (95% CI, 0.2-0.9, sulfonylurea) to 1.6 (95% CI, 0.5-4.9, exenatide).

Most RRs were similar or lower when a one-year latency period was

taken into account (data not shown).

In the TOD analysis, RRs for “current” use ranged from 0.2 (95%

CI, 0.0-2.3, exenatide) to 0.7 (95% CI, 0.2-3.1, pioglitazone). RRs were

higher for “recent” use, but these estimates were based on small num-

bers of cases and limited PYs. The two highest RRs were in “past” use

([RR, 4.0; 95% CI, 0.8-19, exenatide] and [RR, 2.4; 95% CI, 0.7-7.8,

metformin]).

In the cumulative TOD analysis, adjusted RRs were 1.0 (95% CI,

0.5-2.3, short), 1.0 (95% CI, 0.4-2.7, moderate) and 0.4 (95% CI,

0.1-3.0, long).

4 | DISCUSSION

This five-year prospective cohort study included several drug cohorts

sourced from administrative claims, supplemented with medical

record review. Across therapies with different mechanisms of action,

the data do not suggest an association between liraglutide use and

increased risk of AP or PC.

In the AP TOD analysis, RRs often exceeded 1.0; however, no find-

ings excluded the null. The estimated RR was not greater than 1.0 for

contrasts within “current” exposure. The question of whether patients

with early symptoms of AP may have switched medications and

F IGURE 1 Propensity-score-matched time on drug and intention-to-treat analyses for acute pancreatitis
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discontinued use of liraglutide more rapidly than comparators, which

would result in more cases being attributed to the “start of past use”

liraglutide category relative to comparators, was investigated via sensi-

tivity analysis. Mean time between the beginning of “start of past use”

and date of AP cases was longer for liraglutide (265 days [median,

120 days]) than for all comparators (239 days [median, 190 days]), a

finding that does not indicate that liraglutide patients were more likely

to have discontinued or switched medications prior to diagnosis of AP.

In the ITT analyses, only the CI for all comparators except

exenatide and DPP-4i excluded the null. Another sensitivity

analysis that evaluated the potential selection bias that could

result from preferential discontinuation following AP symptoms

was completed for each of the eight matched AP cohorts. Baseline

characteristics of patients who discontinued the study drug early

during follow-up (≤median) and those of patients who discontinued

use later during follow-up were compared. Occasional differences

existed; for example, among patients who discontinued early,

liraglutide patients were slightly older and more likely to be black

than were DPP-4i patients. However, no consistent patterns of

patient differences were observed overall, suggesting balanced

F IGURE 2 Propensity-score matched intention-to-treat and time-on-drug analyses for pancreatic cancer
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characteristics in the cohorts over time, regardless of timing in

relation to discontinuation.

Several observational studies, including early results from this

study, found no significant association between GLP-1 RAs (generally

exenatide) and AP.12,31-34 Garg and colleagues compared exenatide

and sitagliptin initiators with a diabetic control group with participants

initiating other ADs. The adjusted hazard ratio (aHR) for exenatide

was 0.9 (95% CI, 0.6-1.5). Another cohort study that included

liraglutide found no elevation in risk for “current” use of GLP-1 RAs

(aHR, 1.11 [95% CI, 0.54-2.26]) compared with elevated risk for “cur-

rent” use of DPP-4i therapies (aHR, 1.59 [95% CI, 1.05-2.40]).35

Elashoff et al. reported significant elevations for both GLP-1 and

DPP-4i therapies,36 but this study was based on the FDA Adverse

Event Reporting System database, which has known limitations.37

One case-control study of incretins, exenatide and sitagliptin found

elevations in risk for “current” use (adjusted odds ratio [aOR], 2.24

[95% CI 1.36-3.68]) and “recent” use (aOR, 2.01 [95% CI, 1.37-3.18])

but did not quantify risk with exenatide and with sitagliptin

separately.38

A meta-analysis of RCTs of GLP-1 therapies and pancreatitis

found no significant increase in risk across a range of comparators

(Mantel-Haenszel [M-H] OR, 0.93 [95% CI, 0.65-1.34]).19 A sub-group

analysis including only trials with adjudication of AP had similar results

(M-H OR, 0.87 [95% CI, −0.53-1.44]). Another meta-analysis of three

RCTs of GLP-1 therapies looking at AP as a predefined and indepen-

dently adjudicated adverse event also found no elevated risk in T2D

patients (Peto OR, 0.745 [95% CI, 0.47-1.17]).39 This result is in con-

trast to that of two similar meta-analyses of DPP-4i RCT that found

significant increases in AP risk in the treatment group vs controls.

These studies were based on the same three RCTs with large patient

populations, adjudicated cases of AP and median follow-up periods

ranging from 1.6 to 3.0 years.40,41 As expected, the results were

nearly identical and suggested an approximately 80% increase in risk

of AP with DPP-4i use (OR, 1.79 [95% CI, 1.13-2.82]40 and OR, 1.82

[95% CI, 1.17-2.82]41). A recent trial among patients with pre-

diabetes using higher doses of liraglutide (3.0 mg) for weight loss also

reported a higher proportion of AP diagnoses among the liraglutide

group (0.7%; 12 cases) vs those who received placebo (0.3%; two

cases).42 Overall, however, there appears to be increasing support for

the absence of association between GLP-1 RA therapies and AP.15

In PC analyses, the majority of ITT RRs were below 1.0; the only

statistically significant finding was a lower risk with liraglutide use, rel-

ative to SUs. No dose-response effect was observed in the cumulative

use analyses, consistent with other observational studies of the GLP-

1 RA class, with the exception of that by Elashoff et al, with the limita-

tions already noted.36,43-45 In a retrospective cohort study with over

three years of follow-up, Knapen et al conducted a TOD analysis and

did not find a significantly elevated risk with “current” use of GLP-1

RAs (aHR, 1.43 [95% CI, 0.96-2.13]) or DPP-4is (aHR, 1.18 [95% CI,

0.52-2.69]) independently or combined (aHR, 1.36 [95% CI,

0.94-1.96]).43 An exenatide cohort study found no elevated risk when

compared with metformin or glyburide (RR 0.8 [95% CI 0.5-1.6]) in

1 year of follow-up.44 A large international cohort study also found no

significant elevation if the first year of follow-up was discounted

(aHR, 1.13 [95% CI, 0.38-3.38]).45 The follow-up period ranged

between 1.3 and 2.8 years across sites, not including the one

discounted year. A recent summary of RCTs of GLP-1 RAs revealed

no elevation in PC risk (Peto OR, 0.77 [95% CI, 0.42-1.42]) comparing

GLP-1 RAs with either placebo or control.46 In addition, recent meta-

analyses have provided additional evidence that PC is not a major

concern in populations treated with incretin-based therapies.19

The strengths of this study include the use of a large administra-

tive claims database, supplemented with a medical record review.

Case ascertainment included medical record adjudication (AP) and a

validated algorithm (PC).29 Numerous ADs were evaluated, and

cohorts were balanced in a wide range of potential confounders. An

important limitation of studies sourced from health insurance claims

data is that some important potential confounders (eg, BMI,

smoking/alcohol use) may not be well characterized; however, PS

matching has been shown to improve balance in unmeasured charac-

teristics, including clinical parameters, as many measured covariates

are proxies for unmeasured information.22,47 Duration of follow-up

may be limited in the ORD as the result of individuals changing health

insurance plans; thus, the ability to assess the effect of study drugs on

outcomes that occur more than 1 to 2 years after initiation is limited,

which may affect the interpretation of results concerning those out-

comes with longer induction periods (ie, PC).

Each cohort, including the all comparator cohorts, was created

separately and was PS-matched with the liraglutide cohort, indepen-

dently, within refined calendar periods to capture changes in US mar-

ket share. Three all comparator cohorts were used, so that, in addition

to including a matched comparison with all study comparators, one

comparison involves non-GLP1-RA drug classes and another involves

non-incretins.

Multiple analytic approaches were used to balance the strengths

and weaknesses. Because AP is an acute event, TOD was the pri-

mary analysis, with a focus on “current” use. In contrast, longer-term

exposure was important to assess the risk of PC; thus, ITT was the

primary analysis, including latency analysis to reduce potential

protopathic bias.

Medical record confirmation was required for AP cases, restricting

the sample size to patients in plans that allow access to medical

records (~30% of eligible patients). Despite this restriction, the num-

ber of AP cases is comparable to that of many other individual RCTs

and observational studies with chart-confirmed outcomes.19,39,48 The

number of PC cases was small also because of the rarity of the out-

come. PC cases were identified using an algorithm, possibly introduc-

ing misclassification; however, severity of PC, rapid time course once

diagnosed, and use of an algorithm developed in the source database

contribute to the accuracy of case identification. The number of cases

was similar to that of those in studies included in pooled RCT analyses

of GLP-1 drugs and in several other observational studies focused on

PC.19,43,44,46

Observational studies assess associations under “real-world” con-

ditions; however, for a disease such as diabetes with numerous treat-

ment options, these conditions complicate AD studies. Many patients

1846 FUNCH ET AL.



have a history of AD use, and even restricted definitions of initiation

may not fully capture earlier drug use. Concurrent or add-on drugs in

other classes are difficult to quantify. Patients switch/add therapies if

side effects occur or if diabetes is not well-managed. Baseline drug

use was included in the PS; however, changes during follow-up are

not accounted for with these analytic methods. As a result, it is diffi-

cult to attribute causality among patients using multiple drugs or

undergoing multiple therapies.

Results should be interpreted with the understanding that com-

parators may not be reflective of initiators of those individual drugs in

general, particularly for first-line therapies, e.g., the comparison is

made between liraglutide initiators and metformin initiators with

baseline characteristics similar to liraglutide initiators, and not a com-

parison to all types of metformin initiators.

Many measures and comparators were used to assess the associa-

tion between liraglutide and pancreatic outcomes. AP analyses dem-

onstrate no consistent pattern of increased risk with liraglutide during

any period of use, including the primary analysis of “current” use.

There was no support for an increased risk of PC with liraglutide use,

a finding that is consistent with many other studies.

In conclusion, based on observational data in a commercially

insured population, liraglutide use was not associated with increased

risk of AP or PC. Although high specificity of identified cases was

achieved, concerns remain regarding the limited numbers because of

the rarity of outcomes, as well as confounding by unmeasured factors

and the question of whether the findings are generalizable to other

populations.
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