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OBJECTIVE

Concerns have been raised about a possible increased risk of pancreatic cancer
associated with incretin-based therapies. We examined the risk of pancreatic cancer
among patients with diabetes prescribed incretin drugs.

RESEARCH DESIGN AND METHODS

With the use of public health insurance databases of Belgium and the Lombardy
Region, Italy, we created two retrospective cohorts that included adult patients who
were first prescribed an incretin drug or another noninsulin antidiabetic drug (NIAD)
from 1 July 2008 to 31 December 2013 in Belgium and from 1 January 2008 to
31 December 2012 in the Lombardy Region. The risk of pancreatic cancer was eval-
uated by multivariate-adjusted Cox models that included time-dependent vari-
ables. Adjusted hazard ratios (aHRs) from Belgium and Italy were pooled by using
fixed-effects meta-analyses.

RESULTS

The cohorts included 525,733 patients with diabetes treated with NIADs and 33,292
with incretin drugs. Results in both cohorts were similar. Eighty-five and 1,589 sub-
jectswho developed pancreatic cancer were registered among the incretin andNIAD
new users, respectively, which represented an aHR of pancreatic cancer of 2.14 (95%
CI 1.71–2.67) among those prescribed an incretin compared with an NIAD. The aHR
with a drug use lag exposure of 6 months was 1.69 (1.24–2.32). The aHR decreased
from 3.35 (2.32–4.84) in the first 3 months after the first incretin prescription to 2.12
(1.22–3.66) inmonths 3–5.9, 1.95 (1.20–3.16) inmonths 6–11.9, and 1.69 (1.12–2.55)
after 12 months. Among those prescribed an NIAD, pancreatic cancer occurred
mostly within the year after the first prescription. The risk of pancreatic cancer
among patients subsequently prescribed insulin was 6.89 (6.05–7.85).

CONCLUSIONS

The recent prescription of incretin therapy is associated with an increased risk of
pancreatic cancer. The reason for such an increase is likely the consequence of an
occult pancreatic cancer that provokes or aggravatesdiabetes. Studies arewarranted
for assessing the risk of pancreatic cancer associated with long-term use of incretin
drugs.
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The incretin-based therapies for patients
with diabetes include glucagon-like pep-
tide 1 receptor agonists (GLP-1 RAs) and
dipeptidyl peptidase 4 (DPP-4) inhibitors.
These therapies were introduced at the
end of the 2000s and provide several
advantages over other antidiabetic thera-
pies. In particular, the metabolic actions of
incretin-based therapies includeglucoregu-
latory effects, the preservation of b-cell
function, a low incidence of hypoglyce-
mia, and the promotion ofweight loss (1).
The pleiotropic effects of incretins on

digestive functions and on the exocrine
pancreas, such as the stimulation of cel-
lular proliferation, have raised concerns
about possible adverse events affecting
the pancreas, including pancreatic cancer
(2–6). These concerns were boosted by
analyses of spontaneous reports to the
U.S. Food and Drug Administration and
to the German Adverse Reaction Registry
suggesting that the use of incretin drugs is
associated with an up to sixfold increased
risk of pancreatic cancer (7–9). Such spon-
taneous reporting is highly susceptible to
bias (e.g., reported cases arenot validated
and frequently are reported by nonmedi-
cal professionals), and cohort studies have
not found an association between the use
of incretin drugs and pancreatic cancer
occurrence (10–12). However, the latter
studies included relatively small numbers
of patients with pancreatic cancer (13). A
recent meta-analysis of the six largest ran-
domized trials on incretin drugs obtained a
summary relative risk of pancreatic cancer
of 0.71 (95% CI 0.45–1.11) after 1.5–3.8
years of follow-up (14). However, the six
trials analyzed reported a total of only
75 patients with pancreatic cancer, with a
high level of heterogeneity of results across
trials (I2 = 61%). Hence, these trials cannot
inform on the presence or absence of a
small but real increase in risk.
This study evaluates the risk of pancre-

atic cancer associatedwith incretin-based
therapies. It is part of a risk management
plan approved by the European Medi-
cines Agency (EMA) to evaluate the risk
of pancreatic cancer associated with incre-
tin use of a new incretin-based therapy,
lixisenatide. This study covers a period
before lixisenatide use in the general
population.

RESEARCH DESIGN AND METHODS

Study Design
The study used patient data from public
health care insurance databases in Belgium

(11 million inhabitants) and in the Lom-
bardy Region of Italy (10 million inhabi-
tants). In both settings, the same protocol
was used (i.e., similar methods for subject
selection, drug exposure assessment, sta-
tistical analysis). A new users design was
implemented in both settings. The risk of
pancreatic cancer in subjects newly pre-
scribed an incretin drug was compared
with that in subjects who were newly pre-
scribed another noninsulin antidiabetic
drug (NIAD). In both settings, secondary
data were used without transfer of individ-
ual or identifiable data to another study
partner; therefore, prior approval by an
ethics committee was not needed.

Data Sources
Registration of individuals living in Bel-
gium and Italy to public health insurance
is compulsory. In Belgium, public health in-
surance data contain prescription data and
hospitalization information. These data are
linked to governmental population regis-
tries and the national Belgian cancer regis-
try with a unique identifier that allows
extraction ofmigration status, living status,
and occurrence of pancreatic cancer.

The health care utilization databases of
the Lombardy Region comprise the out-
patient drug prescription database, which
stores all drug prescriptions reimbursed
by the National Health Service and dis-
pensed by Lombardy Region pharmacies,
and the hospital discharge database,
which contains all hospitalization data
from public and private hospitals. These
databases are linked to demographic data
with a unique identifier to build the full
pathway of care and health status of pa-
tients with diabetes. Study subjects with
pancreatic cancer were identified from
hospital discharge data.

The validity of the databases as well as
the recording and coding of data have
been described previously (15–17). Date
of delivery and formulation of antidia-
betic drugs were identified in the public
health insurance records by their Ana-
tomical Therapeutic Chemical Classifica-
tion System codes.

Study Cohorts
Because a 2- to 3-year lag exists between
data collection at the individual level and
availability of complete data sets for the
entire population, the statistical analyses
were performed in 2015–2016 on two co-
horts of subjects for whom data had been
collected from 2008 to 2013 in Belgium
and from 2000 to 2012 in Italy. The date

of study start was 1 January 2008, which
corresponds to the date both settings
started to reimburse for incretin drugs.

In Belgium, the cohort included all
patients $18 years of age who had no
prescription of an antidiabetic drug from
1 January 2008 until 30 June 2008 and
to whom an NIAD or incretin drug was
prescribed for the first time from 1 July
2008 onward. In the Lombardy Region,
the cohort included all patients$18 years
of age who never received a prescription
for an antidiabetic drug from January
2000 to December 2007 and to whom
an NIAD or incretin drug was prescribed
for the first time from 1 January 2008
onward.

In both settings, patients who received
insulin as primary antidiabetic therapy
were excluded. Those with a record of
pancreatic cancer before 1 January 2008
also were excluded. In both settings,
GLP-1 RA was marketed later than DPP-4
inhibitor drugs. Lixisenatide was not stud-
ied in the retrospective cohort because its
approval by the EMA was too recent and
it was not available in the Lombardy
Region during the study period. The 23
Belgian patients who had at least one
prescription of lixisenatide were ex-
cluded from the analyses.

Exposure Definition
The incretin drugs included the GLP-1 RAs
exenatide and liraglutide and the DPP-4 in-
hibitors sitagliptin, vildagliptin, saxagliptin,
alogliptin, and linagliptin. NIADs included
metformin, sulfonylureas, thiazolidine-
diones, and repaglinide.

Outcome
Third-revision International Classification
of Diseases for Oncology codes C25.0–
C25.9 were used to identify pancreatic
cancer cases in the Belgian Cancer Regis-
try. In the Lombardy Region, the hospital
discharge records were used to identify
pancreatic cancer through ICD-9 code
157 and all subcategories.

Data Analysis
The medical trajectory of each study sub-
ject was reconstituted with the succes-
sion of events and prescriptions relevant
to the study. Person time-at-risk starting
from the first prescription was computed
for each subject. The person time-at-risk
included the duration of drug use until oc-
currence of one of the following events:
diagnosis of pancreatic cancer, death, em-
igration, or study end date, whichever
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came first. Because the reimbursement of
drugs and medical services depends on
the correct registration of data by health
insurance companies, missing data are
known to be rare and are not apparent in
the databases.
Asubjectcontributed inatime-dependent

manner to the incretin or NIAD group.
Subjects newly prescribed an NIAD could
switch to an incretin drug or be prescribed
an incretin drug in addition to NIAD treat-
ment. Hence, a subject’s duration of expo-
sure to a specific antidiabetic regimen
was measured individually and expressed
indays. If theantidiabetic regimenchanged,
then the switch to a new regimen had an-
other duration starting the day of the regi-
men change. Subjects contributed to the
NIAD group during the period with never
exposure to an incretin drug. Subjects who
took both a GLP-1 RA and a DPP-4 inhibitor
were classified in the GLP-1 RA group. Sub-
jects who switched to an incretin drug re-
mained in this category for the rest of the
follow-up regardless of additional changes
in prescription or coexposurewith anNIAD.
The incidence rates of pancreatic cancer

among new users of an incretin drug were
compared with rates observed in new
users of an NIAD. Crude and standardized
incidence rates for pancreatic cancer were
calculated. The European Standard Popu-
lation was the reference (18).
Risk of pancreatic cancer between in-

cretin and NIAD use was reported as a
hazard ratio (HR) from a Cox proportional
hazards regression model that included
time-dependent variables for drug pre-
scriptions to account for changes in expo-
sure during the follow-up. Tominimize the
risk of confounding, stratification was per-
formedonage and sex. Agewas defined as
the age at study entry and stratified into
four categories: 18–49, 50–59, 60–69,
and $70 years. Statistical adjustments
were done on insulin prescription. Data
from Belgium also were adjusted for a
history of gallstones or bariatric surgery.
Similarly to metformin, incretin drugs are
sometimes prescribed for short periods
to patients without diabetes for weight-
loss purposes. Thus, we performed sen-
sitivity analyses with the exclusion of
subjects with a drug prescribed for
,90 days. To assess the influence on the
risk of pancreatic cancer of the firstmonths
after drug prescription, we also performed
an analysis excluding the 6 months of ex-
posure to antidiabetic drugs immedi-
ately preceding the diagnosis of pancreatic

cancer (i.e., a lagged analysis) (19). A lag
exposure of 6 months was taken so that
the analysis could be based on decent
numbers of pancreatic cancer cases among
incretin users in each setting. Results
from Belgium and the Lombardy Region
were pooled by using meta-analytic meth-
ods on the basis of a fixed-effects model.
Heterogeneity of results between Belgium
and the Lombardy Region was assessed
with the I2 statistic. A test for the assump-
tion of proportional hazards was not re-
quired because all covariates used in the
model were time dependent. All analyses
were carried out with SAS 9.4 statistical
software (SAS Institute, Cary, NC).

RESULTS

The subject selection is detailed in
Supplementary Table 1. In Belgium,
345,672 new NIAD and 22,982 new incre-
tin users were included in the cohort. In
the Lombardy Region, 180,061 new NIAD
and 10,310 new incretin users were in-
cluded. In Belgium, the mean duration of
follow-up was 1.81 years (total of 41,645
person-years [PYs]) for incretin users and
2.83 years (978,708 PYs) for NIAD users.
In the Lombardy Region, the corresponding
durations were 1.25 years (12,848 PYs) for
incretin users and 2.55 years (458,172 PYs)
for NIAD users.

Compared with subjects prescribed an
NIAD, those prescribed incretin-based
therapies were younger and more fre-
quently male (Table 1). Shifts to insulin
therapy during follow-up were approxi-
mately two times more frequent among
incretin users than among NIAD users.
Few subjects had a record of gallbladder
disorder, bariatric surgery, pancreatic sur-
gery, or a laparoscopic procedure.

A diagnosis of pancreatic cancer was
reported for 885 subjects in Belgium
and 789 subjects in the Lombardy Region.
Of the 1,674 pancreatic cancer cases ob-
served overall, 882 occurred in men and
792 in women. The incidence rate stan-
dardized on the age structure of the Eu-
ropean population was 45.5 and 83.7 per
100,000 PY in the Belgian NIAD and incre-
tin groups, respectively, and 76.5 and
126.6 per 100,000 PY in the Lombardy
Region NIAD and incretin groups, respec-
tively. In both settings, after multiple ad-
justments for age, sex, and subsequent
insulin prescription, the risk of pancreatic
cancer was doubled among subjects who
ever received an incretin drug compared
with those who only received an NIAD,

with a pooled adjusted HR (aHR) of 2.14
(95% CI 1.71–2.67) (Table 2). In Belgium,
additional adjustments for a history of
gallstones, bariatric surgery, or a laparo-
scopic procedure did not alter results
(aHR 2.30 [1.74–3.06]). With only 55 pan-
creatic cancer cases observed among
incretin users in Belgium and 30 in the
Lombardy Region, the analysis could not
be conducted separately by sex. The
6-month lag analysis of a smaller number
of pancreatic cancer cases obtained an
aHR of 1.69 (1.24–2.32).

Analyses after leaving out prescriptions
for ,90 days resulted in an aHR of 2.24
(95% CI 1.68–2.99) in Belgium and 2.21
(1.51–3.22) in the Lombardy Region
(pooled aHR 2.23 [1.77–2.80]). GLP-1
RAs represented 12.9% and 22.4% of in-
cretin prescriptions in Belgium and the
Lombardy Region, respectively. Ten pan-
creatic cancer cases were found among
GLP-1 RA users (seven in Belgium, three
in the Lombardy Region). After stratifica-
tion for age and sex and adjustment for
subsequent insulin prescription, the risk
of pancreatic cancer was 1.87 (1.00–3.51)
times greater among subjects who were
ever prescribed a GLP-1 RA compared
with new NIAD users. In all analyses, no
heterogeneity of results was found be-
tween the two settings (I2 = 0%).

To examine changes in risks according
to the duration of incretin use, we fitted
multivariable Cox models in which the
duration of incretin drug use was mod-
eled as a time-dependent variable, with
risks estimated for four distinct categories
of time since first prescription of incretin
(Table 3). The analysis showed that in
both settings, compared with those
newly prescribed anNIAD, the risk of pan-
creatic cancer among subjects newly pre-
scribed incretin therapy was 3.35 (95% CI
2.32–4.84) times greater in the first
3 months immediately after the first pre-
scription, after which the risk gradually
diminished to 1.69 (1.12–2.55) 1 year af-
ter the first prescription. The analyses
found no heterogeneity in results be-
tween the two settings (I2 = 0%).

We performed other analyses for the
sake of further exploring the time rela-
tionship between the prescription for an
antidiabetic therapy and pancreatic can-
cer. First, among subjects newly pre-
scribed an NIAD, pancreatic cancer cases
were more frequent after the first pre-
scription, although this association was
less marked than for the incretin drugs
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(data not shown). Second, in the subgroup
of subjects taking an NIAD who subse-
quently received a prescription of incretin
or insulin, the time from first prescription
of the NIAD to the first prescription of
incretin or insulin was shorter in those
diagnosed with pancreatic cancer (Sup-
plementary Table 2). Third, we examined
the risk of pancreatic cancer among

subjects who received an insulin therapy
during follow-up (Table 4). An insulin ther-
apy during follow-up was prescribed to
10.6% of subjects in Belgium and 4.6%
of subjects in the Lombardy Region (Table
4). A diagnosis of pancreatic cancerwas at
least 10 times more frequent among sub-
jects who shifted to insulin therapy. After
stratification for age and sex, the risk of

pancreatic cancer was found to be 6.89
(95% CI 6.05–7.85) times greater in sub-
jectswhowere prescribed an insulin ther-
apy during follow-up.

CONCLUSIONS

This study indicates a doubling of the risk
of pancreatic cancer after prescription of
incretin-based therapies, with the same

Table 1—Characteristics of subjects included in the retrospective cohorts

Belgium Lombardy Region

Incretins (n = 22,982) NIAD (n = 345,672) P value* Incretins (n = 10,310) NIAD (n = 180,061) P value*

Baseline
Sex ,0.001 ,0.001
Male 13,342 (58.1) 161,167 (46.6) 5,829 (56.5) 96,598 (53.6)
Female 9,640 (41.9) 184,505 (53.4) 4,481 (43.5) 83,463 (46.4)

Age-group ,0.001 ,0.001
,50 years 6,345 (27.6) 88,512 (25.6) 2,507 (24.3) 26,922 (15.0)
50–59 years 7,340 (31.9) 79,092 (22.9) 3,141 (30.5) 35,534 (19.7)
60–69 years 5,555 (24.2) 81,371 (23.5) 2,832 (27.5) 51,520 (28.6)
$70 years 3,742 (16.3) 96,697 (28.0) 1,830 (17.8) 66,085 (36.7)

Follow-up
Use of insulin ,0.001 ,0.001
Yes 4,969 (21.6) 34,082 (9.9) 950 (9.2) 7,719 (4.3)
No 18,013 (78.4) 311,590 (90.1) 9,360 (90.8) 172,342 (95.7)

Gallbladder disorder 0.50 0.051
Yes 420 (1.8) 6,532 (1.9) 116 (1.1) 2,435 (1.4)
No 22,562 (98.2) 339,140 (98.1) 10,194 (98.9) 177,626 (98.6)

Bariatric surgery ,0.001 d
Yes 314 (1.4) 5,750 (1.7) NA NA
No 22,668 (98.6) 339,922 (98.3) NA NA

Pancreatic surgery 0.66 d

Yes 34 (0.1) 553 (0.2) NA NA
No 22,948 (99.9) 345,119 (99.8) NA NA

Laparoscopic procedure 0.018 d

Yes 75 (0.3) 1,492 (0.4) NA NA
No 22,907 (99.7) 344,180 (99.6) NA NA

Data are n (%). NA, not available. *x2 P value.

Table 2—Risk of pancreatic cancer associated with incretin use

Belgium Lombardy Region
Belgium and Lombardy

Region combined

Exposure group NIAD Incretin NIAD Incretin NIAD Incretin

All subjects
Pancreatic cancer (n) 830 55 759 30 1,589 85
PYs 978,708 41,645 458,172 12,848 1,436,880 54,493
IR* (crude) 84.8 132.1 165.7 233.5 110.6 156.0
IR* (standardized to the EU population) 45.5 83.7 76.5 126.6 55.4 94.4
HR† (95% CI) 1.00| 2.32 (1.76–3.07) 1.00| 1.85 (1.28–2.67) 1.00| 2.14 (1.71–2.67)¶
HR‡ (95% CI) 1.00| 2.55 (1.92–3.37) 1.00| 2.44 (1.69–3.52) 1.00| 2.51 (2.01–3.14)¶
HR§ (95% CI) 1.00| 2.12 (1.60–2.81) 1.00| 2.17 (1.50–3.13) 1.00| 2.14 (1.71–2.67)¶

Lagged exposure of 6 months
Pancreatic cancer (n) 469 50 428 17 897 67
PYs 774,499 31,052 369,228 8,225 1,143,727 39,277
IR* (standardized to the EU population) 33.71 103.79 54.69 113.89 40.60 106.09
HR† (95% CI) 1.00| 2.01 (1.39–2.90) 1.00| 1.36 (0.75–2.49) 1.00| 1.81 (1.32–2.47)¶
HR‡ (95% CI) 1.00| 2.20 (1.52–3.19) 1.00| 1.85 (1.02–3.38) 1.00| 2.10 (1.53–2.87)¶
HR§ (95% CI) 1.00| 1.74 (1.20–2.52) 1.00| 1.59 (0.87–2.91) 1.00| 1.69 (1.24–2.32)¶

EU, European; IR, incidence rate. *Per 100,000 PY. †Crude. ‡Stratified by age and sex. §Stratified by age and sex and adjusted for use of insulin as a time-
dependent variable. |Reference category. ¶Summary HR calculated by fixed-effects meta-analysis.
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order of magnitude of risk observed
in Belgium and the Lombardy Region.
The straightforward interpretation that
incretin-based therapies could cause pan-
creatic cancer is not supported by several
findings. A direct causal effect could be
suspected if a steadily increasing risk of
pancreatic cancer was associated with a
steadily longer exposure to incretin drugs.
However, the increased risk is observed
primarily in the months immediately
following prescription, and results from
the Cox model in Table 3 demonstrate
that the declining cancer occurrence after
the first prescription is not solely due to
decreasing numbers of subjects being
followed. Moreover, exclusion of the 6
months of antidiabetic drug use immedi-
ately preceding the diagnosis of pancreatic
cancer leads to a lower risk, although it
remains significantly elevated. These time
relationships between incretin prescription
and the diagnosis of pancreatic cancer do
not support a causal association.
The diagnosis of pancreatic cancer

shortly after new-onset diabetes is a com-
mon clinical observation (20), and the
diagnosis of pancreatic cancer is three
tofive timesmore frequent in the year im-
mediately following the diabetes diagno-
sis than $2 years after diagnosis (21–23).
The quicker recourse to incretin or insu-
lin therapy in subjects diagnosed with
pancreatic cancer and the higher risk of

pancreatic cancer among subjects who
received insulin therapy suggest that the
prescription of a new antidiabetic drug
or a switch to more potent antidiabetic
therapy could be the consequence of yet
undiagnosed pancreatic cancer that in-
duced or aggravated diabetes.

This peculiar time relationship also
suggests that incretin-based therapy
promotes the last steps for progression
from a subclinical pancreatic cancer to a
clinically evident disease shortly after
treatment initiation. This promotional ef-
fectwouldbeunrelated to the cumulative
doses taken. However, a similar inverse
correlation with time since first prescrip-
tion was observed with the new prescrip-
tions of NIADs. In addition, a shift to
insulin therapy during follow-up was the
strongest risk factor for pancreatic cancer
found in this study. Hence, these data do
not support an incretin-specific effect on
pancreatic cancer growth, whereas they
do support the influence of occult pan-
creatic cancers on diabetes onset and
aggravation.

This reverse causation phenomenon is
termed the protopathic bias (24) and oc-
curs when a pharmaceutical agent is pre-
scribed for an early manifestation of a
disease that has not yet been detected.
The influence of the protopathic bias has
been raised by other studies on use of
oral antidiabetic drugs, insulin (25), and

incretin drugs (12,26). In an attempt to
reduce the influence of the protopathic
bias, the large study of Azoulay et al.
(27) excluded all exposures to antidia-
betic drugs in the year preceding the
diagnosis of pancreatic cancer, which re-
sulted in a pooled aHR of 1.02 (95% CI
0.84–1.23).

The risk of pancreatic cancer in the cur-
rent study was still significantly raised
after 1 year of incretin drug use and
after the 6-month lag analysis, which could
be due to the same protopathic bias that
would influence risks over a relatively long
period. But this finding could point to the
possibility of an increased risk of pancre-
atic cancer associated with long-term in-
cretin drug use.

The biological plausibility that incretin-
based therapies could be involved in the
occurrence of pancreatic cancer has been
raised by studies in animals and human
tissue, suggesting that these drugs could
induce pancreatic inflammation and pro-
liferation of exocrine and endocrine pan-
creatic cells, two phenomena known to
increase the risk of pancreatic cancer
(28–30). Other studies in animals, in-
cluding in baboons, do not provide evi-
dence that incretin-based therapies
cause pancreatic injury and remodeling that
could give rise to more severe malignant
processes (31,32). One recent study
in human tissues found no influence of

Table 3—Risk of pancreatic cancer associated with incretin use by time since first prescription

Belgium Lombardy Region Belgium and Lombardy Region combined

Incretin exposure
category

Pancreatic
cancer (n) HR (95% CI)

Pancreatic
cancer (n) HR (95% CI)

Pancreatic
cancer (n)

Summary HR
(95% CI)

,3 months 16 3.31 (1.98–5.52) 14 3.39 (2.00–5.78) 30 3.35 (2.32–4.84)

3 to,6 months 8 2.34 (1.16–4.71) 5 1.80 (0.74–4.35) 13 2.12 (1.22–3.66)

6 to,12 months 11 2.13 (1.17–3.88) 6 1.66 (0.74–3.73) 17 1.95 (1.20–3.16)

$12 months 20 1.74 (1.10–2.76) 5 1.52 (0.62–3.69) 25 1.69 (1.12–2.55)

HR stratified by age and sex and adjusted for gallbladder events and insulin use as time-dependent variables; the reference group is NIAD users. Summary
HR was calculated by fixed-effects meta-analysis.

Table 4—HR for the risk of pancreatic cancer associated with insulin prescriptions during follow-up

Belgium Lombardy Region Belgium and Lombardy Region combined

Without insulin
prescription

With insulin
prescription

Without insulin
prescription

With insulin
prescription

Without insulin
prescription

With insulin
prescription

Nopancreatic cancer (n) 329,236 38,533 181,241 8,341 510,477 46,874

Pancreatic cancer (n) 367 518 461 328 828 846

Cumulative incidence
per 100,000 111 1,344 254 3,932 162 1,805

HR* (95% CI) 1.00 6.61 (5.63–7.77) 1.00 7.46 (6.00–9.35) 1.00 6.89 (6.05–7.85)†

*Use of insulin as time-dependent variable through Cox model stratified by age and sex. †Summary HR calculated by fixed-effects meta-analysis.
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incretin-based therapies on pancreatic
tissue morphology (33). However, uncer-
tainties about the adversebiological influ-
ence of incretin-based therapies remain
partly because of the variability in results
obtained across various strains of mice
and the difficulty with conducting studies
on human tissue (31,33).
The current study has several strengths.

The same methods were applied on two
independent databases of patients of all
ages residing in Belgium or the Lombardy
Region, and the results in both settings
were consistent. The methods were
strictly based on a new user design (i.e.,
patients with no history of antidiabetic
medication before their inclusion in co-
horts, which precluded possible biases
as a result of differences in antidiabetic
therapy duration before incretin use). The
study included 1,674 subjects with pancre-
atic cancer. Other studies that were based
on a new user design included 221 (26),
309 (12), and 1,221 (27) patients.
The current study also has a number of

limitations. First, the duration of incretin
drug usewas short, which on averagewas
1.8 years in Belgium and 1.25 years in the
Lombardy Region, assuming that these
drugs were taken during most of the
time after prescription. This short dura-
tion precluded statistical analyses on the
basis of long lag times (e.g., $1 year).
Therefore, studies are neededwith longer
follow-up to enable the use of variable
lag periods as recommended by meth-
odological studies (19,34). Second, no
population-based cancer registry exists
in the Lombardy Region. However, pan-
creatic cancer is a serious condition that
usually leads to hospitalization. Indeed,
some cases of pancreatic cancer may
have been missed if subjects died as a re-
sult of pancreatic cancer not managed in a
hospital. Third, risk estimations relied on
prescription data and not on dispensed
medication, with no control for adherence
to treatment, but as suggested by meta-
analytic studies, adherence to treatment
would not vary according to the type of
antidiabetic drug (35). Fourth, we did not
consider whether patients were taking
one or more antidiabetic therapies at
the same time. However, when an incre-
tin therapy is prescribed in Belgium, the
concomitant prescription of metformin
or a sulfonylurea is compulsory. In Italy,
incretins may be prescribed alone. The
similarity of results in both areas is a sign
that the simultaneous use of antidiabetic

therapies does not affect associations
found in this study. Finally, data were ab-
sent on well-documented risk factors for
pancreatic cancer, such as heavy alcohol
consumption, smoking, a family history of
chronic pancreatic diseases, and other
confounders like physical activity, adipos-
ity, and information on diabetes severity
other than the recourse to insulin. Thus,
residual confounding may partly explain
some of the observed associations.

We conclude that the protopathic bias
would be an adequate hypothesis for ex-
plaining the increased risk of pancreatic
cancer associated with the use of incretin
drugs on the basis of spontaneous report.
However, because the risk of pancreatic
cancer remained slightly but significantly
increased after 1 year of incretin drug use,
studies that assess the risk of pancreatic
cancer associated with long-term incretin
drug use are needed, with examination of
timing and duration while taking into ac-
count the various factors possibly involved
in the occurrence of pancreatic cancer.
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therapies in the treatment of type2diabetesdmore
than meets the eye? Eur J Intern Med 2013;24:
207–212
5. Gier B, Butler PC. Glucagonlike peptide
1-based drugs and pancreatitis: clarity at last,
but what about pancreatic cancer? JAMA Intern
Med 2013;173:539–541
6. Vangoitsenhoven R, Mathieu C, Van der
Schueren B. GLP1 and cancer: friend or foe? En-
docr Relat Cancer 2012;19:F77–F88
7. ElashoffM,Matveyenko AV, Gier B, Elashoff R,
Butler PC. Pancreatitis, pancreatic, and thyroid
cancer with glucagon-like peptide-1-based thera-
pies. Gastroenterology 2011;141:150–156
8. Butler PC, Elashoff M, Elashoff R, Gale EA. A
critical analysis of the clinical use of incretin-based
therapies: are the GLP-1 therapies safe? Diabetes
Care 2013;36:2118–2125
9. Spranger J, Gundert-Remy U, Stammschulte T.
GLP-1-based therapies: the dilemma of uncer-
tainty. Gastroenterology 2011;141:20–23
10. Funch D, Gydesen H, Tornøe K, Major-
Pedersen A, Chan KA. A prospective, claims-based
assessment of the risk of pancreatitis and pancreatic
cancerwith liraglutidecomparedtootherantidiabetic
drugs. Diabetes Obes Metab 2014;16:273–275
11. Romley JA, Goldman DP, Solomon M,
McFadden D, Peters AL. Exenatide therapy and
the risk of pancreatitis and pancreatic cancer
in a privately insured population. Diabetes Tech-
nol Ther 2012;14:904–911
12. GokhaleM, Buse JB, Gray CL, Pate V, Marquis
MA, Stürmer T. Dipeptidyl-peptidase-4 inhibitors
and pancreatic cancer: a cohort study. Diabetes
Obes Metab 2014;16:1247–1256
13. Suarez EA, Koro CE, Christian JB, Spector AD,
Araujo AB, AbrahamS. Incretin-mimetic therapies
and pancreatic disease: a review of observational
data. Curr Med Res Opin 2014;30:2471–2481
14. Zhang Z, Chen X, Lu P, et al. Incretin-based
agents in type 2 diabetic patients at cardiovascu-
lar risk: compare the effect of GLP-1 agonists and
DPP-4 inhibitors on cardiovascular and pancreatic
outcomes. Cardiovasc Diabetol 2017;16:31
15. Corrao G, Mancia G. Generating evidence
from computerized healthcare utilization data-
bases. Hypertension 2015;65:490–498
16. Franchi M, Asciutto R, Nicotra F, et al. Met-
formin, other antidiabetic drugs, and endometrial
cancer risk: a nested case-control study within
Italian healthcare utilization databases. Eur J Can-
cer Prev 2016;26:225–231
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