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ABSTRACT

Background: Evidence on the safety of the incretin-based drugs (glucagon-like peptide-1 [GLP-
1] analogues and dipeptidyl peptidase-4 [DPP-4] inhibitors) with respect to colorectal cancer is
contradictory. The objective of this study was to determine whether use of incretin-based drugs
is associated with risk of incident colorectal cancer in patients with type 2 diabetes.

Methods: Using data from the United Kingdom Clinical Practice Research Datalink; we
identified a cohort of 112,040 patients newly treated with antidiabetic drugs between 1 January
2007 and 31 March 2015. We modeled use of GLP-1 analogues and DPP-4 inhibitors as time-
varying variables and compared them with use of sulfonylureas. We lagged exposures by one
year for latency and to reduce reverse causality and detection bias. \WWe used time-dependent Cox
proportional hazards models to estimate hazard ratios with 95% confidence intervals of incident
colorectal cancer associated with the use of GLP-1 analogues and DPP-4 inhibitors overall, by
cumulative duration of use, and by time since initiation.

Results: During 388,619 person—years of follow-up, there were 733 incident colorectal cancer
events (incidence rate: 1.9 per 1,000 person—years). Use of GLP-1 analogues was not associated
with colorectal.cancer incidence (hazard ratio: 1.0, 95% confidence interval: 0.7, 1.6), nor was
use of DPP-4 inhibitors (hazard ratio: 1.2, 95% confidence interval: 1.0, 1.5). There was no
evidence of a duration—response relationship for either drug.

Conclusions: The results of this large population-based study indicate that use of incretin-based

drugs is not associated with colorectal cancer incidence among patients with type 2 diabetes.



INTRODUCTION

Incretin-based drugs, which include glucagon-like peptide-1 (GLP-1) analogues and
dipeptidyl peptidase-4 (DPP-4) inhibitors, are used as second- to third-line therapies in the
management of type 2 diabetes." While these drugs lower glucose levels and reduce the risk of
hypoglycemia compared to other antidiabetic drugs,’ there are concerns that their use may.
increase the risk of certain malignancies, including colorectal cancer.*

The current evidence associating the use of incretin-based drugs with the incidence of
colorectal cancer is mixed. According to safety reviews of randomized controlledtrials (RCTs)
conducted by the US Food and Drug Administration and the European Medicines Agency, no
imbalance of colon events was observed with the 1.8 mg formulation of liraglutide (a GLP-1
analogue) compared with placebo.”® However, the Food and Drug Administration reported two
rectal cancer events [0.05%; 0.06 events per 100 person—years] among users of 1.8 mg
liraglutide, compared with no events in the'placebo group.® Furthermore, in the Food and Drug
Administration’s review of the 3 mg formulation of liraglutide (used in weight management),
two malignant colorectal events were observed in the treatment group [0.06%; 0.04 events per
100 person-years], while no events Wwere observed in the placebo group.” The evidence
continued to be mixed after the publication of large post-marketing RCTs of GLP-1 analogues
and DPP-4 inhibitors:®*> While the majority of these RCTs reported no associations with
colorectal cancer,®*® saxagliptin (a DPP-4 inhibitor) was associated with a decreased risk of
colon'cancer (HR: 0.51, 95% ClI: 0.27, 0.92) in a post-hoc analysis of the SAVOR-TIMI 53
trial.* In contrast, in a pooled analysis of 25 RCTSs of sitagliptin (a DPP-4 inhibitor), there was
an imbalance in the incidence rate of colon cancer compared with placebo (0.09% per year vs

0.04% per year, respectively).™ To date, to our knowledge, only one observational study has



been conducted to assess this safety concern and did not observe an association between the use
of incretin-based drugs and the incidence of colorectal cancer.'®

The biologic evidence on this potential association is limited, with few studies publishing
contradictory findings. On the one hand, there is some evidence that the use of GLP-1 analogues
and DPP-4 inhibitors may increase the development of malignant colorectal negplasms.*** On
the other, there is competing evidence that these drugs may have anti-cancer properties in
vitro.2>?® Thus, given the discordant information on the association-betweenthe use of incretin-
based drugs and colorectal cancer incidence, there is an urgent need to assess their safety in the
real-world setting. Therefore, the objective of this population-based study was to determine
whether the use of GLP-1 analogues and DPP-4 inhibitors is associated with the incidence of
colorectal cancer in patients with type 2 diabetes.
METHODS
Data source

We conducted this study using the United Kingdom (UK) Clinical Practice Research
Datalink. This database contains anonymized, longitudinal clinical records of over 15 million
patients from approximately 700 general practices, and has been shown to be largely
representative of the genefal UK population.? Collected data include information on
anthropometric and lifestyle variables, referrals, prescriptions and diagnoses; the data have been
shown to be of high quality and validity.??® Furthermore, colorectal cancer diagnoses in the
Clinical Practice Research Datalink have been shown to be well recorded when compared with

the UK National Cancer Data Repository.?’



The study protocol was approved by the Independent Scientific Advisory Committee of
the Clinical Practice Research Datalink (protocol number 16_264Mn) and by the Research Ethics
Board of the Jewish General Hospital, Montreal, Canada.

Study population

We identified a base cohort of patients newly treated with non-insulin antidiabetic drugs
(including; metformin, sulfonylureas, prandial glucose regulators, thiazolidinediones, acarbose,
DPP-4 inhibitors, GLP-1 analogues, and sodium-glucose co-transparter-2 inhibitors) between 1
January 1988 and 31 March 2015, with follow-up until 31 March 2016. Patients were required to
be at least 40 years of age, and with at least 1 year of medical history in the Clinical Practice
Research Datalink before their initial prescription.\We excluded patients with advanced type 2
diabetes, identified on the basis of an insulin prescription written before their first non-insulin
antidiabetic prescription. Female patients with a prior diagnosis of gestational diabetes or
polycystic ovary syndrome were also excluded, as these are other indications for metformin.

Using the base cohort, we assembled a study cohort of patients who initiated a new class
of an antidiabetic drug in or after 2007 (the year the first incretin-based drugs entered the UK
market).” New users included those newly treated with an antidiabetic drug class (i.e. first-ever
antidiabetic prescription)as well as those who added-on or switched to an antidiabetic drug class
not previously used in their treatment history. Cohort entry was defined by the date of this new
antidiabetic drug prescription. We excluded all patients with a history of colorectal cancer (in
situ and malignant) and Lynch syndrome®® at any time prior to cohort entry, as well as patients
with less than one year of follow-up after cohort entry for latency purposes (this included

patients diagnosed with colorectal cancer within one year of cohort entry).



All patients meeting the study inclusion criteria were followed starting one year after
cohort entry (i.e. person—time at risk) until a first-ever diagnosis of colorectal cancer (in situ and
malignant), or censored upon death from any cause, end of registration with the general practice,
or the end of the study period (31 March 2016), whichever occurred first.

Exposure definition

Exposure to the different antidiabetic drugs was modelled as a time-varying variable,
allowing patients to transition between different exposure groups during the follow-up period.
For the GLP-1 analogue analysis, exposure was defined according to the following hierarchical
definition: use of GLP-1 analogues (alone or in combination with other antidiabetic drugs), then
use of sulfonylureas (alone or in combination with @ther antidiabetic drugs), and finally use of all
other antidiabetic drugs. All drug exposures were lagged by one year for latency purposes, and to
reduce reverse causality and detection bias. Based on this exposure definition, patients were
considered unexposed to the drug of interest until one year after treatment initiation, and
considered exposed thereafter for the remainder of follow-up, analogous to an intention-to-treat
exposure definition. A similar exposure definition was used for the DPP-4 inhibitor analysis,
where the following hierarchical exposure definition was used: DPP-4 inhibitors (alone or in
combination with other antidiabetic drugs), then use of sulfonylureas (alone or in combination
with.other antidiabetic drugs), and finally use of all other antidiabetic drugs (eFigure 1;

http:/links.lww.com/EDE/B304). To avoid confounding by indication,? the reference category

for all analyses was the use of sulfonylureas, as these represent an alternative second- to third-
line treatment option. We considered, and rejected, the use of metformin as the reference
category, as metformin is typically prescribed as a first-line treatment and thus it is not used at

the same stage of disease as the incretin-based drugs.®


http://links.lww.com/EDE/B304

We also defined the use of GLP-1 analogues and DPP-4 inhibitors in terms of cumulative
duration of use and time since initiation, which were modeled as time-dependent variables.
Cumulative duration of use was calculated by summing the durations associated with each
prescription from cohort entry until the time of event (risk set). Time since initiation was defined
as the time between the first ever prescription of a GLP-1 analogue or DPP-4 inhibitor and the
risk set date.

Potential confounders

The models were adjusted for the following potential confounders measured at cohort
entry: age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic
cirrhosis of the liver, alcoholic hepatitis and hepatic failure), smoking status (current, former,
never, unknown), body mass index (BMI) (<25 kg/m?,25-29 kg/m?, >30 kg/m?, unknown),
hemoglobin Alc (last laboratory resultbefore cohort entry), duration of treated diabetes (defined
as the time between first non-insulin prescription and cohort entry), previous cancer (other than
non-melanoma skin cancer), inflammatory bowel disease (Crohn’s disease and ulcerative colitis)
and Charlson comorbidity score. We also adjusted the models for the presence of microvascular
complications of diabetes (neuropathy, renal disease, retinopathy, and peripheral arteriopathy;
measured at any time before cohort entry) and the number of unique antidiabetic drugs received
in the year before cohort entry, both as proxies for diabetes severity. Models were adjusted for
the total number of unique non-antidiabetic drugs in the year before cohort entry, as a general
measure of comorbidity.®* Finally, models were adjusted for use of aspirin and statins at any time
before cohort entry, as these drugs have been associated with a decreased risk of colorectal

cancer in some studies.®



Statistical analyses

We calculated crude incidence rates of colorectal cancer for the entire cohort, and for
each exposure group. For the primary analysis, time-dependent Cox proportional hazards models
were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) of incident
colorectal cancer associated with the overall use of GLP-1 analogues and DPP-4 inhibitors
compared with the use of sulfonylureas. All models were adjusted for the potential confounders
listed previously.
Secondary analyses

We conducted four secondary analyses. First, we assessed whether there was a duration-
response relation for GLP-1 analogue and DPP-4 inhibitor cumulative duration of use on the
incidence of colorectal cancer. For this time-dependent analysis, HRs were estimated for three
predefined duration categories: <1 year, 1.1-2 years, and > 2 years. Second, we assessed the
association between time since initiation of GLP-1 analogues and DPP-4 inhibitors and
colorectal cancer incidence (<2 years and >2 years). Third, we assessed the association with the
most common individual drugs within each incretin-based drug class (GLP-1 analogues:
exenatide and liraglutide; DPP-4 inhibitors: sitagliptin, saxagliptin). Finally, the analyses were
repeated after stratifying on colon versus rectal cancer.
Sensitivity analyses

We conducted seven sensitivity analyses to assess the robustness of our findings. First,
we repeated the primary analysis after increasing the exposure lag period to 2 years, as there are
uncertainties related to the length of the latency time window. Conversely, to explore the
possibility that the previously reported increased risk was due to a tumor promoter effect, we

repeated the analyses by removing the lag period. Third, to assess possible detection bias of



undiagnosed colorectal cancer, we stratified the cohort based on referrals to colonoscopy
screening or fecal occult blood testing, measured in the 5 years before cohort entry.** Fourth, to
address the possibility of outcome misclassification, we repeated the analysis upon restricting to
malignant colorectal cancer and censoring on in situ colorectal cancer diagnoses. In the last three
sensitivity analyses, we addressed possible residual confounding by repeating the primary
analyses using the disease risk score method, marginal structural models,and multiple
imputation for variables with missing information (eMethods 1-3;

http://links.lww.com/EDE/B304). All analyses were conducted with SAS version9.4 (SAS

institute, Cary, NC).
RESULTS

A total of 112,040 patients met the study inclusion criteria (Figure), and were followed
for a mean (standard deviation [SD]) of 3.5 (2.2) years after completing the 1-year post-cohort
entry latency period. During 388,619 person-years of follow-up, there were 733 incident
colorectal cancer events, generating a crude incidence rate of 1.9 (95% ClI: 1.8, 2.0) per 1000
person—years. Among these events, 715 (incidence rate 1.8, 95% CI: 1.7, 2.0 per 1000 person—
years) were malignant versus 18 (incidence rate 0.05, 95% CI: 0.03, 0.07 per 1000 person—years)
in situ colorectal cancers. A total of 5724 (5.1%) patients were prescribed GLP-1 analogues
during the study period;and 22,276 (19.9%) patients were prescribed DPP-4 inhibitors.

Table 1 presents baseline characteristics for the cohort overall, and stratified by use of
GLP-1 analogues, DPP-4 inhibitors, and sulfonylureas at cohort entry. Compared with
sulfonylurea users, GLP-1 analogue users were younger, more likely to have had alcohol-related
disorders, and less likely to be current smokers. Additionally, GLP-1 analogue users were more

likely to have a higher BMI, to have a higher hemoglobin Alc level, and were more likely to
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have neuropathy and retinopathy. Compared with sulfonylurea users, DPP-4 inhibitor users were
older, more likely to have had alcohol-related disorders, and less likely to be current smokers.
DPP-4 inhibitor users were more likely to have a higher BMI, to have a higher hemoglobin Alc
level and a higher Charlson comorbidity score. DPP-4 inhibitor users were also more likely to
have neuropathy and retinopathy.

The results of primary and secondary analyses are shown in Tables 2 and 3. Compared
with the use of sulfonylureas (1.6 cases per 1000 per year), the use of GLP-Lanalogues (2.0 per
1000 per year) was not associated with the incidence of colorectal cancer (HR: 1.0, 95% CI: 0.7,
1.6). Furthermore, there was no evidence of a duration—response relationship both in terms of
cumulative duration of use and time since initiation (Table 2).

Compared with the use of sulfonylureas (1.9 cases per 1000 per year), the use of DPP-4
inhibitors (2.1 cases per 1000 per year), was not associated with the incidence of colorectal
cancer overall (HR: 1.2, 95% CI: 1.0, 1.5), or by cumulative duration of use and time since
initiation (Table 3). Similar findings were observed when analyses were repeated stratifying on
individual drug type and when stratifying on colon versus rectal cancer (eTables 1 to 4;

http://links.lww.com/EDE/B304):

Sensitivity analyses
The results of the sensitivity analyses were consistent with those of the primary analysis

(eFigure 2; http://links.lww.com/EDE/B304, eTables 5 to 18; http://links.lww.com/EDE/B304)

For GLP-1 analogues, the adjusted HRs ranged between 0.9 and 1.9, while for DPP-4 inhibitors,

the adjusted HRs ranged between 0.8 and 1.2.

11


http://links.lww.com/EDE/B304
http://links.lww.com/EDE/B304
http://links.lww.com/EDE/B304

DISCUSSION

In this large population-based cohort study with a mean follow-up of 3.5 years (after
accounting for a 1-year post-cohort entry latency period) and with up to 9.5 years of potential
follow-up, the use of GLP-1 analogues or DPP-4 inhibitors was not associated with incident
colorectal cancer, when compared with the use of sulfonylureas. Furthermore, there were no
associations by cumulative duration of use or time since initiation and the findings remained
highly consistent in sensitivity analyses that considered different sources of bias.

Overall, our findings are consistent with the vast majority of RCTs, which showed no
association between different incretin-based drugs and colorectal cancer incidence.®*3
Moreover, our findings provide some reassurance that the diabetic dose of liraglutide (1.8 mg) is
not associated with an increased risk of colorectal cancer. However, it is not possible to rule out
a potential increased risk of colorectal.cancer with higher doses of liraglutide, such as those used
in weight management trials. Indeed, our study population did not include users of the 3 mg
formulation, which is commonly used for treatment of obesity among non-diabetic patients. With
respect to DPP-4 inhibitors, we did not observe any association with colorectal cancer incidence
either overall or by individual drugtypes. This is inconsistent with prior RCTs that produced
contradictory evidence; both decreased™ and increased incidences™ have been reported with
saxagliptin and sitagliptin, respectively. However, these RCTs were not designed or powered to
assess cancer incidence, and thus generated few events limiting the interpretation of their
findings.

To our knowledge, only one observational study has been conducted to assess this
possible association.'® Using US Medicare data from 2007 to 2013 and an as-treated exposure

definition, there was no association between the use of DPP-4 inhibitors and incident colorectal
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cancer, regardless of whether these drugs were compared to thiazolidinediones (HR: 1.2, 95%
Cl: 0.9, 1.7) or sulfonylureas (HR: 1.0, 95% CI: 0.7, 1.3).* Similar findings were observed for
the use of GLP-1 analogues, when compared with the use of long-acting insulin (HR: 0.8, 95%
Cl: 0.4, 1.6).1® While our findings confirm those of the previous study,® the previous study was
limited by its short duration of follow-up, which ranged between 0.7 and 1.2 years. Such short
durations limit the interpretation of safety for outcomes such as colorectal cancer.**°

The existing biologic evidence on the relation between the use of incretin-based drugs
and colorectal cancer is contradictory.'”?* While our study did not find an increasé in the
incidence of colorectal cancer with these drugs, it is notpossible to completely rule out a tumor
promoter effect with the use of GLP-1 analogues. dndeed, GLP-1 analogues may enhance the
growth of the small and large bowel via fibroblast growth factor 7 (FGF7), and activation of the
GLP-1 signaling pathway may promote gut growth and crypt fission.'” This effect may be
masked by the possible anti-cancer properties of GLP-1 analogues observed in vitro, whereby
increased activation of the GLP-1 receptor hasbeen shown to alter cell morphology, induce
apoptosis, and inhibit proliferation of colon cancer cells.?* %

The evidence on DPP-4 inhibitors is lacking; these drugs have been shown to be
cytotoxic agents against colon carcinoma cells and lower colon carcinogenesis in rat models.?! %
However, there is competing evidence that long-term inhibition of the DPP-4 enzyme can lead to
immune dysregulation and increased cancer risk,'® and that DPP-4 inhibitor use may support the
metastasis of colon cancer cells.*® Overall, such experimental studies should be interpreted with
caution, as animal models do not represent the complex pathophysiology of patients with type 2

diabetes, a population that is already at an increased risk of colorectal cancer.® Overall, our

findings suggest that the incretin-based drugs are likely to have neutral effects on colorectal
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carcinogenesis in the relative short-term, and thus future studies with longer follow-up will be
needed to confirm our findings.

This study has several strengths. First, our study generated 388,619 person—years of
follow-up, allowing for the identification of a substantial number of incident colorectal cancer
events. Second, we used a new-user study design to reduce biases associated with the inclusion
of prevalent users.*® Third, we used a time-dependent exposure definition that took into account
the dynamic nature of the pharmacologic management of type 2 diabetes, while eliminating the
possibility of immortal time bias.>” Fourth, a lag period was used for latency purposes and to
reduce detection bias and reverse causality. Fifth, all models were adjusted for a number of
potential confounders including smoking status, alcohol-related disorders, and BMI, which are
all known risk factors of colorectal cancer. Finally, the results remained consistent across several
sensitivity analyses, illustrating the robustness of our findings.

This study also has some limitations. Some exposure misclassification is possible as
prescriptions in the Clinical Practice Research Datalink represent those written by general
practitioners and not specialists. However, in the UK, general practitioners are responsible for
maintaining the‘long-term care of patients with type 2 diabetes, and thus we expect such
misclassification to have had an unimportant impact on our exposure definition. Although
colorectal cancer diagneses have been shown to be well recorded in the Clinical Practice
Research Datalink,?” outcome misclassification remains possible. However, we expect this
potential misclassification to be non-differential between the treatment groups. As with all
observational studies, residual confounding from unmeasured variables (such as family history or
race/ethnicity) is possible, although it is unclear how these unmeasured variables would

influence the prescribing of incretin-based drugs. Furthermore, we obtained consistent results in
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sensitivity analyses using the disease risk score method and marginal structural models to control
for time-dependent confounding. This study is also limited by its mean follow-up of 3.5 years
after accounting for a 1-year latency after cohort entry, which may be considered short to assess
cancer incidence. However, the rational for conducting this study was based on signals from

short duration RCTs (12 weeks to 2.1 years),* *°

and thus our study had long enough follow-up
to assess colorectal cancer incidence in the relative short-term. Furthermaore, based on the upper
limits of the Cls of the main analyses (1.6 for use of GLP-1 analogueés and 1.5 for use of DPP-4
inhibitors), our study was sufficiently powered to rule out strong associations between the use of
the incretin-based drugs and colorectal cancer; though the possibility of weaker associations
remains. Finally, given the rarity of the outcome, some of the secondary analyses resulted in
wide Cls.

In summary, the results of this large population-based study indicate that, compared with
the use of sulfonylureas, the use of incretin-based drugs is not associated with a substantial

increase in the incidence, and may be unassociated with the incidence of colorectal cancer,

among patients with type 2 diabetes.
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FIGURE LEGENDS

Figure. Study flow chart of patients included in the base and study cohorts
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Table 1. Baseline Demographic and Clinical Characteristics of the Cohort and Stratified by Drug Use at Cohort Entry

Use at Cohort Entry ®

Characteristic

Entire Cohort GLP-1 analogues  DPP-4 inhibitors  Sulfonylureas

Total 112,040 1177 6002 18,513
Male, n (%) 65,166 (58) 666 (57) 3465 (58) 10,953 (59)
Year of cohort entry, n (%)
2007 18,439 (17) 51 (4) 115 (2) 4362 (24)
2008 16,820 (15) 229 (20) 476(8) 3715 (20)
2009 16,944 (15) 305 (26) 947 (16) 3076 (17)
2010 15,696 (14) 257 (22) 1385 (23) 2347 (13)
2011 13,097 (12) 153 (13) 1022 (17) 1807 (10)
2012 11,741 (11) 105 (9) 880 (15) 1362 (7)
2013 10,102 (9) 47 (4) 646°(11) 1007 (5)
2014 7805 (7) s° 452 (8) 735 (4)
2015 1396 (1) s° 79 (1) 102 (1)
Alcohol-related disorders, n (%) 16,329 (15) 221/(20) 1158 (19) 2775 (15)
Smoking status, n (%)
Current 17,183 (15) 142 (12) 758 (13) 2741 (15)
Past 42,659 (38) sP s° 7129 (39)
Never 51,899 (46) 511 (43) 2788 (47) 8573 (46)
Unknown 299 (0.3) s° s° 70 (0.4)
Body mass index, n (%)
< 25 kg/m? 11,384 (10) 9(1) 576 (10) 3183 (17)
25-30 kg/m? 33,976 (30) 81 (7) 1809 (30) 6216 (34)
>30.0 64,582 (58) 1087 (92) 3601 (60) 8691 (47)
Unknown 20984(2) 0 (0.0) 16 (0.3) 423 (2)
Hemoglobin Alc, n (%)
<7.0% 17,187:(15) 147 (13) 674 (11) 1972 (11)
7.1%-8.0% 31,439 (28) 208 (18) 1941 (32) 4995 (27)
>8.0% 47,866 (43) 811 (69) 3333 (56) 9298 (50)
Unknown 15,548 (14) 11 (1) 54 (1) 2248 (12)
Cancer, n (%) 11,770 (11) 103 (9) 756 (13) 2293 (12)
Inflammatory bowel disease, n (%) 1350 (1) 16 (1) 87 (1) 302 (2)
Charlson comorbidity score, n (%)
0 42,139 (38) 309 (26) 1036 (17) 6075 (33)
1-2 52,390 (47) 603 (51) 3207 (53) 8349 (45)
>3 17,511 (16) 265 (23) 1759 (29) 4089 (22)
Neuropathy, n (%) 12,235 (11) 320 (27) 1528(26) 2778 (15)
Renal disease, n (%) 18,438 (17) 249 (21) 1613(27) 4583 (25)
Retinopathy, n (%) 12,562 (11) 325 (28) 1881 (31) 2787 (15)
Peripheral arteriopathy, n (%) 4365 (4) 52 (4) 358 (6) 921 (5)
Aspirin use, n (%) 52,018 (46) 808 (69) 4076 (68) 10,358 (56)
Statins use, n (%) 80,644 (72) 1072 (91) 5464 (91) 14,177 (77)
Number of non-antidiabetic drugs, n (%)
0 4188 (4) s° 29 (1) 570 (3)
1 5049 (5) s° 81 (1) 549 (3)
2 6455 (6) 13 (1) 131(2) 794 (4)
3 7525 (7) 29 (3) 188 (3) 934 (5)
>4 88,823 (79) 1128 (96) 5573 (93) 15,666 (85)
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Number of unique antidiabetic drugs, n (%)

0 85,778 (77) 42 (4) 427 (7) 7736 (42)
1 16,127 (14) 190 (16) 2234 (37) 8863 (48)
2 8303 (7) 537 (46) 2696 (45) 1750 (9)
3 1661 (2) 359 (31) 587 (10) 149 (1)
>4 171 (0.1) 49 (4) 58 (1) 15(0.1)
Class of unique antidiabetic drugs, n (%) ¢
Metformin 23,975 (21) 1125 (96) 5528 (92) 10,516 (57)
Sulfonylureas 12,009 (11) 885 (75) 3510(59) 1296 (7.0)
Thiazolidinediones 6212 (6) 645 (55) 2148 (36) 1975 (11)
Insulins 897 (1) 332 (28) 273 (5) 57 (0.3)
Others 825 (1) 114 (10) 256 (4) 144 (1)
Age, years (mean, SD) 64 (12) 60 (8.1) 67 (10) 66 (12)
Duration of treated diabetes in years (mean, SD) 1.4 (3.0) 8.0 (3.9) 7.7 (3.9) 2.9 (3.2)

Abbreviations: SD, standard deviation; GLP-1, glucagon-like peptide-1; DPP-4, dipeptidyl peptidase-4
& Patients using other antidiabetic drugs (n=86,348) are not displayed in the table:

® Numbers less than 5 are not displayed, as per the confidentiality policies of the Clinical Practice Research Datalink.
¢ Non-mutually exclusive groups measured any time before (not including)‘cohort entry.
Note: Some categories may not add up to 100% due to rounding.
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Table 2. Crude and Adjusted HRs for the Association Between the Use of GLP-1 Analogues and the

Risk of Colorectal Cancer

a Person-  Incidence rate ° Crude  Adjusted HR

Exposure Events vears (95% Cl) UR (95% CI) ©
Sulfonylureas 302 151,949  2.0(1.8,2.2) 1.0 1.0 [Reference]
GLP-1 analogues 26 16,135 1.6 (1.1, 2.4) 0.8 1.0 (0.7, 1.6)
Duration of GLP-1 analogue

use, years

<1 7 6504 1.1(0.4,2.2) 0.5 0.7 (0.3,1.5)
1.1-2 12 5610 2.1(1.1,3.7) 1.1 1.4 (0.8, 2.6)
> 2 7 4021 1.7 (0.7, 3.6) 08 1.1(0.5, 2.3)
Time since first GLP-1
analogue use, years

<2 9 5177 1.7 (0.8, 3.3) 0.9 1.2 (0.6, 2.4)
> 2 17 10,958 1.6(0.9, 2.5) 0.7 1.0 (0.6, 1.6)

Abbreviations: HR, hazard ratio; CI, confidence interval; GLP-1, glucagon-like peptide-1
& Use of other antidiabetic drugs was considered in the model, but not presented in the table.

p Per 1000 Person-Years.

¢ Adjusted for age, sex, year of cohort entry, body mass index (BMI), smoking, alcohol-related disorders (including for

example alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic failure), hemoglobin Alc, duration of
treated diabetes, previous cancer, presence of inflammatory bowel disease, Charlson comorbidity score, neuropathy, renal
disease, retinopathy, peripheral arteriopathy, aspirin, statins, the number of unique antidiabetic drugs and the total number

of unique non-diabetic drugs in the year before cohort entry.
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Table 3. Crude and Adjusted HRs for the Association Between the Use of DPP-4 Inhibitors and the
Risk of Colorectal Cancer

Exposure a Events Person- Incidence rate® Crude Adjusted |c‘|R
years (95% CI) HR (95% Cl)
Sulfonylureas 241 127,443 19(1.7,2.2) 1.0 1.0 [Reference]
DPP-4 inhibitors 117 56,613 2.1(1.7,2.5) 1.1 1.2(1.0,1.5)
Duration of DPP-4 inhibitor
use, years
<1 38 16,248 2.3(1.7,3.2) 1.2 1.4 (1.0, 2.0)
1.1-2 34 19,820 1.7 (1.2,2.4) 0.9 1.0(0.7, 1.5)
> 2 45 20,545 2.2 (1.6, 2.9) 1.1 1.2(0.9, 1.7)
Time since first DPP-4
inhibitor use, years
<2 43 19,625 2.2 (1.6, 3.0) 1.2 1.3(1.0,1.9)
> 2 74 36,988 2.0 (1.6, 2.5) 1.0 1.1(0.9,1.5)

Abbreviations: HR, hazard ratio; Cl, confidence interval; DPP-4, dipeptidyl peptidase-4

& Use of other anti-diabetic drugs was considered in the model, but.not presented in the table.

® Per 1000 Person-Years.

¢ Adjusted for age, sex, year of cohort entry, body mass index (BMI), smoking, alcohol-related disorders (including for
example alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic failure), hemoglobin Alc, duration of
treated diabetes, previous cancer, presence of inflammatory bowel disease, Charlson comorbidity score, neuropathy, renal
disease, retinopathy, peripheral arteriopathy, aspirin, statins, the number of unique antidiabetic drugs and the total number
of unique non-diabetic drugs in the year before cohort entry.
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Figure
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anti-diabetic drug between
January 1, 1988 to March
31, 2015

198,278 Excluded
39,628 < 40 years of age
149,530 < 365 days coverage in the database

57 Date incopsistencies

6484 Insulin before first-ever non-insulin anti-diabetic drug
1872 Women with diagnosed polycystic ovarian syndrome
707 Women with gestational diabetes in‘the year before first

prescription

A

v

186,494  Patients included in the base-

cohort

58,142

A4

Excluded

23,963  Died or left cohort before first incretin-based drug entered
the-market

34,179  Never added-on or switched to new anti-diabetic drug
class after incretin-based drugs entered the market

A4

128,352 Cohort of new-users or
switchers after incretin-
based drugs enteredthe
market

16,312

A\ 4

Excluded
0 Previous lynch syndrome
1468 Previous colorectal cancer

14,844  Less than 1 year of follow-up

112,040 Study cohort

25






