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Abstract

There is substantial evidence of the elevated risk of cancer among individuals
with type 2 diabetes. Very little is known, however, about the role that antidiabetic
therapies play in this relationship. The objective of this program of research was to
examine whether there is a therapeutic risk associated with antidiabetic therapies that
increase circulating insulin levels, such as sulfonylureas and exogenous insulin, or a
therapeutic benefit associated with antidiabetic therapies that reduce insulin resistance,
such as metformin and the glitazones. This objective was achieved through four related
population-based cohort studies using the administrative databases from Saskatchewan
Health. The first study looked at the effect of the older antidiabetic therapies metformin
and sulfonylureas on cancer mortality. The focus of the second study was to explore more
closely the effect of metformin and sulfonylurea by using a time-varying Cox regression
to define drug exposures. The third study looked more closely at the effect of exogenous
insulin therapy and cancer mortality, and the last study focused on the more recently
available antidiabetic therapy the glitazones and cancer mortality.

We found that individuals with type 2 diabetes exposed to sulfonylurea
monotherapy had a significantly increased risk of cancer-related mortality, compared to
patients exposed to metformin. We also observed a dose-response gradient with
exogenous insulin therapy and cancer mortality, whereby individuals exposed to higher
levels of insulin had a higher risk of cancer mortality. In the last study, we found that the
newer class of antidiabetic therapies, the glitazones, were associated with a decreased risk

of cancer mortality.



These finding add further support that antidiabetic therapies may play a
moderating role in the relationship between type 2 diabetes and cancer outcomes.
However, it is unclear whether the increased risk of cancer mortality we observed was
related to a toxic effect of sulfonylureas and exogenous insulin or a protective effect of
metformin and glitazones, or due to some unmeasured effect related to both choice of
drug therapy and cancer risk. Future research should incorporate a non-diabetes control
cohort for comparison and examine the more proximal outcome measure cancer

incidence.
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CHAPTER 1: INTRODUCTIOIN

1.1 Statement of the Problem

1.1.1 Type 2 Diabetes and Cancer

The public health burden of type 2 diabetes in Canada is substantial.
Diabetes is a chronic disease that affects approximately 7.6% of Canadians aged
20 years and older (approxately 1.9 million peoplelith type 2 diabetes
accounting for 90% to 95% of all diagnosed cases of diabetesever, he
overall prevalence of diabetes may in fact be much higher7tieéf since it is
estimated that approximately 33% of all casesalbetes are undiagnosed in
Canadd:* By 2011, the number of Canadians with diagnosed diabetes is
forecastedo be about 2.6 milligrthis representsnaincrease by about 33%tnce
20067 The majority of the public health burden attributed to diabeteseistdt of
the morbidityand mortalityrelated to microvascular (i.e. retinopathy, neuropathy,
and nephropathy) and macrovasciiar. cardiovascular diseasgmplications
in this patient populatiorin 20052006, among adults aged 20 years and older,
overall death rates were twice as high in individuals with diabetes compared to

individuals without diabetes

Similarly, cancer is also a chronic disease that places a considerable
burden on the Canadian health care systerB005 the overall prevalencd o
cancer in the Canadian population wé22> The most prevalent cancer site
among meris theprostate, followed by colorectdladder and lungcancer
Breast cancer is the most common site in wgmich is also followed by
colorecta) uterineand Lingcancer A recent increase in the number of incident
cancer caseand deathss a direct result of a growing and aging population in
Canada.

There issubstantial evidenoaf an increasedsk of cancer among
individuals with type 2 diabetes. The agation appears to be linked through the

metabolic syndrome. Both insulin resistance and-belladysfunction (insulin



secretory defect) play a role in the transition from normal glucose tolerance
(NGT) to impaired glucose tolerance (IGT) and then to &p&beteS.The

metabolic syndrome is present in almost one half of older individuals and may be
associated with dyslipidemia, hypertension, insulin resistance/ hyperinsulinemia,
and adiposity. The resulting clinical syndrome is represented by obetiipetes

and cardiovascular disease.

An understanding and extension of the metabolic syndrome sulggest t
relationship between type 2 diabetes and can@sabiologically plausible.
Insulin is a growtkpromoting hormone with mitogenic effeétSeveal animal
studies, complemented by case studies in humans, have demonstrated the critical
role of insulinlike growth factor (IGF) in all stages of mammalgnowth® IGF
binding proteinl (IGF1) is suppressed byghinsulinlevels, such as in
hyperinsuinemia,andthis increases the levels of bioavailat@d-1.'° As such, it
has been proposed that hyperinsulinemia combined with insulin resistance
promotescarcinogenesis:*® In fact, hyperinsulinemia may underlie the
associations of several risk factdor cancer, such as high waist circumference,
visceral fat, waisto-hip ratio, body mass index (BMI), sedentary lifestyle, and
energyintake?®?* Several recent epidemiologic studies have identified

associations between diabetes and specific formarafer in various populations.

Overall Cancer Mortality

IGT has been identified a independent predictor for cancer mortality
after adjusting for age, sex, race, education, smoking, alcohol intake, physical
activity, BMI, systolic blood pressure, dihigh-density lipoprotein cholesteréf.
Another study observeah increased risk of overall cancer mortality for nzadd
female diabetipatiens, compared to nodiabeticpatiens.?* More recently
Coughlin et al confirmed these findings, and conclutiatidiabetes was an
independent predictor of cancer mortality of the colon, pancreas, and breast in
women, and of the liver and bladder in nféimterestingly, their findings were
not explained by a high BMI. Larsson et al also found that diabetes was

associated with a significantly increased risk of colorectal cancer morality.



Breast Cancer

In the NursesO Health Study, women withrsglbrted diabetes had a
small but significantly elevated risk of breast cancer compared with women
without diabetesThis finding was independent of age, obesity, family history of
breast cancer, history of benign breast disease, reproductive factors, physical
activity, and alcohol consumptidiThedata from the NursesO Health Study
provide the largest population withe longest followup in assessing the
association between diabetes and breast caeeetaanalysis of 5 caseontrol
studies and 15 cohort studies confirmed that diabetes was associated with an
increased risk of breast cancer (summary RR: 1.20; 95%.C31.28)%’

Endometrial Cancer

A recent metaanalysis looked at the association between diabetes (largely
type 2) and risk of endometrial cané®fhe analysis included 16 casentrol
and 3 cohort studies, with over 96,000 participants and neafl) ¢&es of
endometrial cancer. The results support a strong relationship between diabetes
and risk of endometrial cancsummary RR: 2.10; 95% CI: 1.2553)?® In their
conclusions, the authors acknowledge that future studies negdrtone the role

of differentantidiabetic therapies when assessing this association

Pancreatic Cancer

The positive association between diabetes and pancreatic cancer has been
consistently observed in numerous studies. Huxley et al performed-a meta
analysis looking at ty@ 2 diabetes and pancreatic carfédte authors included
36 studies (17 casmntrol and 19 cohort studies) from 1966 to 2005, with
information on over 9,000 people with pancreatic candegir results support a
strongassociation between type 2 dialsed®d pancreatic cang@ummary OR:
1.82; 95% Cl: 1.64..89)



Colorectal Cancer

A metaanalysis of diabetes and the risk of colorectal cancer included 15
studies (6 caseontrol and 9 cohort studies), with nearly 2,600,000 particigants.
The authorsfound that diabetes was associated witinareased risk of
colorectal cancer, compared to individuals without diab@i@mmary RR: 1.30;
95% Cl: 1.201.40)* Importantly, a positive association between diabetes and
risk of colorectal cancer remained whenly including studies that controlled for

two potentially important confounders, physical activity and BMI.

Bladder Cancer

A metaanalysis evaluating the association between diabetes and the risk
of bladder cancer included 16 studies (7 eam#rd studies, 3 cohort studies, and
6 cohort studies of patients hospitalized with type 2 diabetes). Studies of type 1
diabetes were not included. Diabetes was associated with a modestly increased
risk of bladder cancer, compared with no diabetes (summant R&R;:95% ClI:
1.081.42)%

Prostate Cancer

In contrast to other types of cancer, there appears to be an inverse
relationship between diabetes and prostate cancer. This inverse association may
be explained by the canepromoting role of endogenous testteronewhich is
lower in people with type 2 diabet®s Bonovas et al conducted a meatsalysis
of 14 studies, and reported a negative association of diabetpsostate cancer,
in both random effects and fixed effects modslsnmary RR: 0.91; 95% CI
0.880.94)%? A more recent metanalysis included 19 studies, published between
1971 and 2005, observing a statistically significant decreased risk of prostate
cancer associated with diabefssmmary RR:0.84; 95% CI: 0.7693)*



1.1.2 Antidiabetic Agents and Cancer Outcomes

Antidiabetic Agents

It is common for patients to start drug therapy shortly after a diagnosis of
type 2 diabetes (i.e. within 6 months). While the guidelines still emphasize
lifestyle and behaviour modification, the treatment geabiachieve hemoglobin
Alc levels of <7.0%+% Lowering Alc levels or below or around 7.0% has been
shown to reduce microvascular and neuropathic complications of type 2
diabetes®

There are several oral antidiabetic agents currently used in the
pharmaologic management of type 2 diabetes, including metformin,
sulfonylureas, and the glitazones. In addition to these oral antidiabetic agents, is
exogenous insulin, which is often added on to the oral therapy regimen in patients
with type 2 diabetes. Thesatidiabetic agents act by either reducing insulin
resistance or directly increase circulating insulin levels in the bddtformin is
the most commonly prescribed drug to treat diabetes in Canada and around the
world, and is the initial recommended traant for diabetes accordingnational
andinternational guideline¥:*” Metformin acts to decrease insulin resistance in
the body, and thus, it is often referred to as an insulin sensitizeglitazones,
also knavn as thizolidinediones (TZDs), aranawer class of oralntidiabetic
therapies that became widely available in Canada in 2000, and are approved for
use as second line therapy in combination with, or in patients intolerant to,
metformin3® Similar to metformin, the glitazones act to reduciiim resistance
by improving insulin sensitivity in the peripheral tissde®n the other hand,
sulfonylureas and exogenous insulin therapy act to increase circulating insulin

levels in the body.

Metformin and Cancer Outcomes

There are severakllularand animal modelthatsuggest metformin

mediated reduction in insulin resistance is associated with a reduction in the risk



of tumordevelopment®* The cellular mechanism of action of metformin is to
decrease insulin resistance by activating Adfvated protein kinas&his

results in insulirmediated glucose uptake into the ¢e#., its intended

antidiabetic action).Activation of AMPK also increases concentrations of LKB1,
which isknown to bea potent tumour suppresg6iThis may behe mectanism
responsible for thproposedassociation between metformin use and lower risk of

cancer in patients with type 2 diabetes.

Very few epidemiologic studies have examined the effect of metformin on
cancer outcomes. In a casentrol study, Evans et abserved a 23% reduced risk
of cancer in patients with type 2 diabetes taking metformin compared to
sulfonyluread?® Similarly, another caseontrol study found that metformin use
was associated with a significantly reduced risk of pancreatic cancer @ticliab
patients, compareih those not taking metformffiInterestingly the potential
antineoplastic effects of metformin have also sparked interest for its potential use

as adjuvant theragip breast cancer patierits*

Glitazones and Cancer Outcomes

The glitazones are peroxisome proliferaactivated receptor gamma
(PPARYy) agonistghat activate PPAR receptors in the body, and reduce insulin
resistance by improving insulin sensity in the peripheral tissués Thus,
similar to metformin, thelgazones are thought to reduce the risk of tumour
development. fie glitazones and PPAR signaliage thought telay a role irthe
regulation of cancer cell growfl! Specifically, PPAR agonists have been shown
to inhibit cell growth by inhibiting microtaulin assembly and tubulin
polymerization in the cefi>*?

Consistent with the proposed biologic mechanisoentepidemiologic
studiesexamining the effect of glitazonbave observed educed risk of cancer
outcomes>>® Only one study observed agitive association between

rosiglitazone and cancalthough thisvas simpy a crosssectional associatiotl



Interestingly, here is only one large randomizedhical trial in patients with type

2 diabetes that has evaluated cancer risk as a secandepyne measur® In

this study patients were randomized to pioglitazone or placebo, whasadded

to theirongoing antidiabetic therapies. Thethorsconcluded there was no
difference in the risk of cancer betwette twogroups>*°°However, this
comparisorof pioglitazone versus placelbmay have been confounded by use of
other antidiabetic agents that have also heéependentlassociated with cancer
outcomesThis draws attention to the need of considering concurrent antidiabetic
therapies, in gablishing the relative effect dffferent antidiabetic therapiem

cancer outcomes.

Sulfonylureas and Insulin and Cancer Outcomes

On the other handufonylureas and exogenous insulin are drugs used in
type 2 diabetes which increase circulating limslevels in the body, and as such,
they are thought to accelerate tumour groWfi Two recent epidemiologic
studieshave explored the association between exogenous insulin therapy and
colorectalcancerBoth studiegound that chronic insulin therajy type 2
diabetes was associated with a significantly increased risk of colorectal
cancer’*®*Monami et al conducted a matched easatrol study to examine the
incidence of cancer in patients with type 2 diabetes treated with different
sulfonylurea$® The authors found that use of glibenclamide for greater than 36
months was associated with a significantly increased risk of malign&ncies.
These authors also conducted a retrospective cohort study looking at insulin
secretagogues and exogenous inshiamnapy and cancer mortality. They found
that both drugs were associated with an increased risk of cancer mortality, after

adjusting for multiple confoundef8.

1.2  Summary
In summary, IGT and type 2 diabetes are clearly associated with cancer,
likely due to acommon role of insulin resistand@espite the growing evidence of

this associationthere are few epidemiologic studies specifically examining the



role of antidiabetic therapies in the relationship between type 2 diabetes and
cancer outcomes. It is imgant when evaluating this relationship to compare the

relative harm or benefit of the various antidiabetic therapies to one another.

1.3  Objectives

The objectiveof this program of research was to evaluate the effect of
antidiabetic therapies on cancer miitgan patients with type 2 diabetes. We
sought to determine whether antidiabetic agents that reduce insulin resistance,
such as metformin and the glitazones, would have a beneficial effect on cancer
mortality relative to antidiabetic agents that direatigrease circulating insulin
levels in the body, such as exogenous insulin and sulfonylureas. Another
objective was to explore an advanced survival analysis method that uses time
varying methodology to define drug exposures in order to obtain more precise

estimates of effect.

1.4  Program of Research

This program of research consisted of four papers to address the study
objectivesWe conductedour populatiorbasedetrospectiveohort studies,
using the administrative databases of Saskatchewan Health.diffieeent
datafiles were used for the purposes of these analyses: the health registration file,
the outpatient prescription drug file, and the vital statistics file. All of these

datafiles are linkable on personal health number.

The first study (Chapter)2ocused on the older antidiabetic agents
metformin and sulfonylureas and cancer mortality in type 2 diabetes. The analyses
used a timdixed Cox regression to define drug exposures. The second study
(Chapter 3) looked more closely at the effect of matforand sulfonylurea, and
improved on a key limitation from the first study, by using a tirag/ing Cox
regression analysis to define drug exposures. By using avéingeng approach
we were able to obtain more precise estimates of effect and assess a dos

response gradient for insulin exposure. The third study (Chapseedifically



examinedhe effect of exogenous insulin theragoyd used a timearying Cox
regression analysis to estimate the hazard ratio of cancer mottatig. final
study(Chapte 5) we focused othe newer class of drugs, the glitazones, and

cancer mortality.
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CHAPTER 2: INCREASED CANCER -RELATED MORTALITY FOR
PATIENTS WITH TYPE 2 DIABETES WHO USE SULFONYLUREAS OR
INSULIN

2.1 Introduction

A number of epidemiologic studies have identified an increased risk of
developing cancer in people with tyBediabetes:** The association appears to
be mediated through the metabolic syndrome (also known as the insulin resistance
syndrome). The metabolic syndrome is present in almost one half of all older
individuals and is a condition associated with hyperinsulineimsalin resistance

and a predilection to type 2 diabetes mellitus.

There is also evidence that impaired glucose tolerance and insulin
resistance may lead to an increased risk of cdfickrsulin is a growth
promoting hormone with mitogenic effecfs® Several animal studies,
complemented by case studies in humans, have demonstrated the critical role of
insulin-like growth factor in all stages of mammalian growthAs such, it has
been suggested that hyperinsulinemia combined with insulin recstaight

promote carcinogenesis?°%

Despite the recognition of the potential link between type 2 diabetes and
cancer, very little is known about the role that antidiabetic therapies might have
on this relationship. This is particularly noteworthycgithere are treatments for
diabetes that increase circulating insulin levels (e.g., sulfonylureas and exogenous
insulin) as well as treatments that reduce insulin resistance (e.g., metformin and
glitazones). Indeed, some cellular and animal models suthgest metformin
mediated reduction in insulin resistance is associated with a reduction in the risk
of tumor developmerff:? Furthermore, Evans et al, using a easgtrol design,
recently observed a 23% reduced risk of cancer in patients with typbetab

taking metformin compared to sulfonyluréis.

"A version of this chapter has been published. Bowker 2006. Diabetes Care. 29: 254-8.
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Given the aforementioned epidemiologic links between cancer and
diabetes and the presence of a biologically plausible mechanism whereby
metformin might reduce the risk of cancer in people with-®/pbetes, we
undertook the present observational study to explore the association between
antidiabetic therapies and cancelated mortality in patients with tyg
diabetes. We hypothesized that people with type 2 diabetes exposed to
sulfonylureas and @genous insulin would have an increased risk of cancer
related mortality compared to people with type 2 diabetes who were exposed to

therapies which are known to decrease circulating insulin levels (i.e. metformin).

2.2 Methods

Study Design

This was a populain-based retrospective cohort study, using the
administrative databases of Saskatchewan Health. These databases include
information on 99% of residents of the province of Saskatchewan (population
approximately 1 millionf’® Individuals not covered b§askatchewan Health
include those with federalfunded health care, such as members of the Royal
Canadian Mounted Police and Canadian Foftesbout 90% of the covered
population is eligible for prescription drug benefits. Those ineligible include
registered Indians who receive prescription benefits through a federal program.
Data from three different data files were used in this study: the health registration
file, the outpatient prescription drug file, and vital statistics. These data files are
linkable based on personal health numbers and provide demographic information,
prescription drug usage, and diagnostic codes for cause of death, respectively.

We identified new users of metformin or sulfonylurea from January 1,
1991DbDecember 31, 1996 usitige computerized Saskatchewan Prescription
Drug Plan database. We included patients if they: 1) were new users of oral
antidiabetic drugs, 2) were registered and eligible for prescription drug benefits
during the study period, 3) were at least 30 yeargsolthe index date (i.e. date of

the first claim for an oral antidiabetic drug in the index period), and 4) had
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continuous drug coverage for at least 1 year prior to the index date. New users of
oral antidiabetic drugs and insulin were identified asepsédiwho had a

prescription claim for a sulfonylurea, metformin, or insulin during the index

period of January 1, 199¥1December 31, 1996 and no prescription claims for

any antidiabetic agent for one year prior to the index date. Patients were excluded
if they: 1) had gestational diabetes, or 2) were new users of oral antidiabetic drugs
who had less than a one year supply of drug therapy dispensed. To ensure
ongoing drug exposure, we also excluded subjects who had less than 1 year of
drug exposure followig the index date.

Subjects were grouped according to their antidiabetic drug use as exposed
to sulfonylureas alone or to metformin. The latter group consisted of metformin
monotherapy users and people who were exposed to combination therapy with
sulfonylurea and metformin at some point; this included all patterns of addition of
sulfonylurea to metformin and vice versa. Patients in either inception cohort who
had insulin added to their oral therapy regimens were identified, and insulin use
was entered as@variate into our multivariate models. All study subjects were
followed prospectively from their index date until death, termination of coverage
(e.g. departure from the province), or December 31, 1999, providing a maximum
follow-up of 9 years.

The primay outcome for this study was cangetated mortality. Cause of
death was ascertained through the computerized vital statistics file of
Saskatchewan Healf. The agreement between cancer registry and hospital
charts or death registrations in Saskatdmedatabases has been previously
reported as excellent (kappa: 0.93; 95% CI: @897), with 91% of those with
cancer having the same neoplasm recorded in their chart or death registration as in
the registry’® Furthermore, the databases of Saskatchetealth have, in

general, been widely recognized for their comprehensiveness and guality.
Statistical Analysis

Descriptive analyses were stratified by drug exposure group. Comparisons

between groups were evaluated using univariate analysis of vafRiNCB/A)
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for continuous variables and Chi square tests for categorical variables; all tests of
statistical significance were twsided. Cox proportional hazard models were then
used to evaluate the relationship between drug exposure (metformin or
sulfonylurea cohorts) and time to first event (cancedated mortality). In all Cox
models, the metformin cohort served as the reference group. In multivariate Cox
models, the following potential confounding variables were included: age, sex,
insulin use, and th€hronic Disease Score (CDS). The CDS uses pharmacy
dispensation information for specific drug classes to estimate the burden of
comorbidities, and has proven valid in predicting hospitalization, health resource
utilization, and mortality® The CDS is ta sum of all chronic diseases identified
from drug therapies over the full folleup period. For example, all study subjects
had a minimum CDS of 2.0 because they were using oral antidiabetic drugs. Both
age and CDS variables were collapsed into quaftiethe Cox regression. Final
models met the proportional hazards assumptions. Interaction terms between
each variable in the model and drug exposure group were also examined. None of
these interaction terms were statistically significant (at the p 4€vi0),

however, so no interaction terms were included in the final model.

2.3 Results

A total of 12,272 subjects met the inclusion criteria and were identified as
new users of oral antidiabetic drugs from 1991 to 1996. From this group, 1,963
(16.0%) subjets had less than aykar drug therapy exposure following the index
date and were excluded. This left an inception cohort of 10,309 subjects who
used oral antidiabetic drugs for >1 year. The mean (standard deviation, SD) age
for the cohort was 63.4 (13.and 55% were men. The mean (SD) duration of
follow-up was 5.4 (1.9) years. The median (range) CDS for the whole cohort was
8.0 (226). We identified 6,969 patients in the metformin cohort and 3,340
patients in the sulfonylurea cohort. Within the metfioreohort, 5,740 (82.4%)
patients eventually used a combination of sulfonylurea and metformin therapy.

The two groups were generally comparable, although the sulfonylurea cohort was
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significantly older and had more men while the metformin cohort had arong
duration of therapy and was more likely to be on insulin (Table 1).

Over the 5 years of followp there were 40 (3.3%) cancer deaths in
metformin monotherapy users and 205 (3.6%) in combination therapy users, for
245 (3.5%) cancerelated deaths in thaetformin cohort overall, compared with
162 (4.9%) cancerelated deaths in the sulfonylurea cohort (p = 0.001) (Table 1).
This translates to a canesslated mortality rate (per 1000 person years of follow
up) of 6.3 and 9.7 for the metformin and sulflumea cohorts, respectively (Table
2). The unadjusted hazard ratio (HR) and 95% confidence intervals (95% CI) for
cancefrelated mortality was 1.6 (95% CI 18L.9) for the sulfonylurea cohort
compared with the metformin cohort (p <0.0001). Insulin usadsa similarly
higher incidence of canceelated mortality compared to patients not on insulin
(9.9 vs. 6.8, respectively; Table 2).

In multivariate Cox regression analyses adjusted for age, sex, insulin use,
and comorbidity, the sulfonylurea cohort hednificantly greater canceelated
mortality compared with the metformin cohort (adjusted HR: 1.3, 95% Cb 1.1
1.6; p=0.012; Table 2). Of note, insulin use (irrespective of any other antidiabetic
treatments) was associated with an adjusted hazaahoésrelated mortality of
1.9 (95% CI: 1.992.4; p<0.0001). Older age and male sex were associated with

a significantly increased risk of canaetated mortality (Table 2).

2.4 Discussion

In an inception cohort of 10,309 people newly treated for tygialZtes
and followed for about 5 years, we found that people exposed to sulfonylureas or
exogenous insulin (agents that increase circulating insulin levels) were
significantly more likely to have a canesslated death than people exposed to
metformin (which does not increase insulin levels). Despite the increasing
recognition of the link between type 2 diabetes and cancer, possibly through a
common mechanism of insulin resistance, very little is known about the possible

effect of various antidiabetic ¢éhapies on canceelated mortality. The
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pharmacologic effects of these treatments on circulating insulin levels may play

an important role in this comorbidity relationship.

Insulin is known to have mitogenic propertiés® Metformin appears to
have peiotropic mechanisms of action, including reduced hepatic glucose
production and increased peripheral insulin sensiti¥itit.has also been shown
to reduce hyperglycemia, without an increased risk of hypoglycemia, and to
produce modest improvementslipid profiles while promoting weight losg3?
On the other hand, sulfonylureas promote increases in circulating insulin levels in
the body and exogenous insulin use in type 2 diabetes would be expected to
directly increase insulin levels. Consisterttvthese biologic mechanisms, we
found that the risk of canceelated mortality was even greater for insulin
exposure (90% relative increase) than for sulfonylurea exposure (30% relative
increase). Evans et al recently reported a similar differendskifor patients
exposed to metformin compared to sulfonyluréaghis casecontrol study used
populationbased sampling from a clinical database of diabetic patients in
Scotland, allowing for adjustment for smoking, body mass index, and blood
pressure. fie results suggested a dassponse relationship, with greater risk
reduction associated with greater exposure to metformin. It is not clear, however,
if the use of insulin was excluded or controlled in their analyses. The authors
suggested a more rigmrs cohort study to add support for the hypothesized
relationship. One previous study evaluated insulin exposure and the incidence of
colorectal cance¥ Although this study did not examine mortality as an outcome,
the authors found that chronic insutiverapy significantly increased the risk of
colorectal cancer among patients with type 2 diabetes, after adjusting for potential

confounders?

Similar to other studies that are based on administrative databases, there
are several inherent limitatiotisat need to be acknowledged. First, we lacked
important clinical information such as glycemic control (e.g. fasting blood
glucose or Alc), weight or body mass index (BMI), or smoking status. These

variables may be potential confounders in the relatiprsttween choice of drug
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therapy and canceelated mortality in people with type 2 diabetes. We have no
reason to believe, however, that such clinical characteristics would be
differentially distributed across groups, except for BMI. Weight is known to
increase with sulfonylurea or insulin exposure and decrease with metformin
exposuré? Metformin is more likely to be used in overweight individuals and, in
turn, overweight individuals are also more likely to get cancer or die from

cancer” It would fdlow, therefore, that users of metformin would have an
increased risk of cancer and canpwrtality. Yet, in our data, metformin users

were less likely to die of cancer compared to users of sulfonylureas. Interestingly,
Evans et al observed a similargduced risk of cancer incidence for metformin

users, both before and after adjusting for BRI

Given the available data, we only examined canelated mortality and did
not look at the development of various types of nonfatal cancers. Further, we
recognize that cancer mortality will depend on the type and aggressiveness of the
cancer, and the effectiveness of cancer treatments. If the difference in mortality
rates is attributable to the diabetes treatments, then the effect may have been on
the laterprogression of the cancer, or on the response to cancer treatment. We
have no reason to believe, however, that use of antidiabetic drug would be
associated with the choice of cancer therapy, or aggressiveness of cancer (other
than our hypothesized relatiship); these do not seem to be plausible
confounders. Nonetheless, we recognize it would be helpful to determine the
association between antidiabetic drug exposure and the incidence of cancer in a

similar cohort design.

Finally, our analyses were basal only 407 cancerlated deaths. This
small number of events precludes us from separating the two exposure groups into
more refined categories that might allow for examination of-desgonse
relationships and graded insulin exposures. Our reseltsearainly an
underestimate of the possible deleterious association between sulfonylurea or

insulin exposure and canemlated mortality.
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While our results are intriguing, they should only be considered
hypothesisgenerating. Nevertheless, from dlpeihealth perspective, the
impacts of type 2 diabetes and cancer are both substantial. Both are costly chronic
diseases with a relatively long duration. A better understanding of the
relationship between diabetes and its treatments and cancer hasnmpartamt
implications for prevention and management. Pharmacologic therapies that
increase insulin sensitivity in type 2 diabetes, such as metformin, may not only
have a beneficial effect on diabetes outcomes, but also on ¢atated
mortality. It is $ill uncertain, based on our data and previous repotfs236-37
whether the observed increased risks of carelated mortality are related to a

protective effect of metformin or deleterious effects of sulfonylurea and insulin.
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Table 2.1. Patit Characteristics Stratified by Drug Exposure (N = 10309).

Metformin Sulfonylurea
Cohort Cohort
N 6969 3340
Age (Years)
Mean (Standard Deviation, SD) 61.8 (13.1) 66.9 (13.1)*
Median (Range) 62.3 (30.6105.3) 68.1 (30.60100.2)
Men, (%) 3727 (53.5%) 1956 (58.6%)
Insulin Exposure, (%) 1137 (16.3%) 306 (9.2%)
Duration of followup (Years), Mean (SD) 5.6 (1.9)* 5.0 (2.0)
Mean Person Years of Folleup 39026 16700
Chronic Disease Score, Median (Range) 8.0 (226) 8.0 (222)
Overall Mortality, (%) 245 (3.5%) 162 (4.9%)

*P <0.0001 for Analysis of Variance (ANOVA)
P <0.0001 for Chsquare test
4p=0.001 for Chisquare test
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Table 2.2. Cancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) from

multivariate Cox regression

Cancer Cancer
Total Deaths Mortality Rate Adjusted
N N (%) (/1000 RYT) HR

Oral Antidiabetics

Metformin 6,969 245 (3.5) 6.3 1.0

Sulfonylurea 3,340 162 (4.9) 9.7 1.3 (1.1D1.6)
Insulin Use

No Insulin Use 8,866 323 (3.6) 6.8 1.0

Insulin Use 1,443 84 (5.8) 9.9 1.9 (1.5b2.4)
Age

<53.9 years old 2,578 16 (0.6) 1.1 1.0

54.064.3 yearsold 2,578 75 (2.9) 6.0 5.0 (2.9D8.6)

64.473.3yearsold 2,576 127 (4.9) 8.9 8.9 (5.3D15.0)

>73.4 years old 2,577 189 (7.3) 15.6 16.9 (10.0028.3)
Sex

Female 4,626 162 (3.5) 6.5 1.0

Male 5683 245 (4.3) 8.0 1.5(1.2b1.8)
Comorbidity

CDS<6 3,181 102 (3.2) 6.0 1.0

CDS 78 2,210 84 (3.8) 7.0 0.9 (0.7D1.2)

CDSs 911 2,513 103 (4.1) 7.5 0.9 (0.7D1.2)

CDS>12 2,405 118 (4.9 9.0 1.0 (0.8b1.3)

"Adjusted for all other covariates in the table.

Reference category for hazard ratio
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CHAPTER 3: ANTIDIABETIC THERAPIE S AND CANCER
MORTALITY IN TYPE 2 DIABETES: ASSESSING TIME -VARYING
EXPOSURE

3.1 Introduction

Hyperinsulinemia plays a central role in morbidity and mortality
associated with diabetes, padiarly cardiovascular diseaseThere is also
substantial evidencéat supports the biologically plausible link between diabetes
and various forms of cancer. It is suggested that hyperinsulinemia and elevated
levels of insulinlike growth factor 1 (IGFL) in patients with type 2 diabetes
promotes tumour cell growff? For the most part, the evidence suggests that
patients with type 2 diabetes have an increased risk of cancer, including
endometrial canc@r’ breast cancer’ colorectal cancet'®**pancreatic

P1212and liver cancet'®*However, patients wh type 2 diabetes have

cance
been found to have a significantly decreased risk of prostate canter

There is also increasing evidence supporting a role of antidiabetic
therapies in the relationship between diabetes and cancer. Treatments such as
metformin,which decrease insulin resistance, are thought to reduce the risk of
tumour developmertt?° The accumulated evidence has led to suggestions that
clinical trials be considered to evaluate the role of metformin as an adjuvant
therapy for treatment of brsacancef*

An extension of this evidence would suggest that treatments which
increase circulating insulin levels, such as exogenous insulin and sulfonylureas,
might accelerate tumour growth. Several epidemiologic studies have
corroborated this theory. dasecontrol study by Evans et al., found that
metformin was associated with a statistically significant 23% reduction in the risk
of cancer compared to sulfonylurea therapy among patients with type 2 diabetes,
after adjusting for various clinical factdfsYang et al. found that chronic
exogenous insulin therapy was associated with a significantly increased risk of

colorectal cancer among patients with type 2 diabetes. Thaenadesexadjusted
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hazard ratio for colorectal cancer was 2.1>fbryear of irsulin use, and the
authors observed an adjusted odds ratio of 1.2 for colorectal cancer for each
incremental year of insulin therafy/

In a previous studywe also observed a significantly increased risk of
cancer mortality associated with sulfonylureanoiberapy use compared to
metformin use (alone or in combination with sulfonylurea), as well as an
increased risk of cancer mortality associated with insulirfidé& employed
multivariable timeindependent Cox analyses to determine the effect of
metformi, sulfonylurea, and exogenous insulin therapy, after adjusting for
several potentlaconfounding covariate¥ There are certain biases inherent in not
considering changes in therapy exposures over time, which may have
underestimated or overestimated timelerlyng degree of associatiéi’’ The
most common bias associated with such finteependent analyses is survival
(or immortattime) bias, which we recognize was likelyagtor in our previous
study®* For example, insulin therapy subsequent tbtbexapy can only be
applied to patients who survive long enough to receive it, which leads to their
Oimmortal timeO, the time period between the index date and the start of the
insulin therapy when these patients cannot die (otherwise they would not be
labelled as insulin users). Such immortal time would underestimate the time
independent insulin effects on mortality due to the existence of the immortal time
for the exposed. Therefore, wearalyzed our data using Cox regression with
time-varying exposte to insulin, by specifying one year time window after
insulin index. This timevarying approach will allow us to obtain more precise
estimates of risk for subsequent insulin exposure and examine more closely the
doseresponse effect of insulin use on canmortality.

To our knowledge, there is no study which has considereaviamyéng
exposures for insulin therapy and its effects on cancer outcomes in type 2
diabetes. We hypothesized a decreased risk of cancer mortality associated with
metformin use atha doseesponse gradient for insulin exposure, whereby
patients exposed to higher levels of insulin therapy would have an increased risk

of cancer mortality.
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3.2  Methods
Study Design

The dataset used for this study has been described inideatail pevious
manuscripf* Briefly, this was a populatiehased retrospective cohort study,
using the administrative databases (i.e. health registration file, outpatient
prescription drug file, and vital statistics) of Saskatchewan Health, Canada. We
identified new users of metformin or sulfonylurea during the index period of
January 1, 199D December 31, 1996. Patients had to be at least 30 years old on
the index date (i.e. date of the first claim for an oral antidiabetic drug in the index
period) and had toave continuous drug coverage for at least 1 year prior to the
index date to be included in the study. To ensure ongoing drug exposure, we
excluded subjects who had less than 1 year of drug exposure following the index
date. Patients with gestational diadsetvere also excluded. All study subjects
were followed prospectively from their index date until death, termination of
coverage (e.g. departure from the province), or December 31, 1999, providing a
maximum followup of 9 years. The primary outcome meadarehis study was
cancer mortality, which was determined from the vital statistics file of
Saskatchewan Healt&thics approval for this study was obtained from the Health
Research Ethics Board at the University of Alberta.

The information available omsulin use in the outpatient prescription
drug file included date of dispensation and total number of dispensations
throughout the followup period. Unfortunately, the type of insulin or the product
dispensed (e.g., whether it was a 10mL vial or 3mL cly#) were not recorded
in the drug file. However, regardless of the product dispensed, each mL contains
100 units of insulin. Information available on metformin and sulfonylurea use

included date of dispensation and total number of dispensations.

Statistical Analysis
Descriptive analyses were stratified according to the new user drug
exposure category at the cohort entry. Consistéhtour previous analyses

subjects were grouped according to their antidiabetic drug use as metformin users
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(alone or in ombination with sulfonylurea) or sulfonylurea monotherapy uSers.
Combination therapy users included all patterns of addition of sulfonylurea to
metformin and vice versa. Comparisons between groups were evaluated using
two-sample ttest for continuous vables and Chi square tests for categorical
variables.

We performed Cox regression analysis to evaluate the relationship
between antidiabetic therapies and cancer mortalityremain consistentith
our previous analysewe compared metformin users (iadone or in combination
with sulfonylurea) to sulfonylurea monotherapy ugérsor insulin use, we
calculated the Ocumulative insulin exposure per yearO as follows. First, a total
count of the number of insulin dispensations for eaghdr time windowafter
insulin index was assessed. We then calculated a cumulative sum of insulin
dispensations up to the end of each one year time window from the insulin index
date. The cumulative sum of insulin exposures for each one year time window
was then dividedythe number of person years a patient was on insulin up to the
end of the respective time window, to arrive at the tirmying Ocumulative
insulin exposure per yearO for each subject. Therefore, the value for the
cumulative insulin exposure varies fochane year time window after insulin
index. By not including the person years prior to insulin use as person years of
insulin users, we accounted for survival bkt the purposes of the analyses, the
cumulative insulin exposure per year was stratiiiéd the following categories:

1) No exposure to insulin (reference group), 2) >0 to <3 cumulative insulin
dispensations/year, 3B to <12 cumulative insulin dispensations/year, arel2)
cumulative insulin dispensations/year.

In addition to oral antidibetic exposure (i.e. metformin and/or
sulfonylurea use) and timearying exposure to insulin, we included the following
potential confounding variables into the Cox regression asitidependent
variables: age at oral medication index, sex, and chraseaske score (CDS). The
CDS uses pharmacy dispensation information for specific drug classes to estimate
the burden of comorbidities, and has proven valid in predicting hospitalization,

health resource ilization, and mortality**® The CDS is the sum @il chronic
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diseases identified from drug therapies over the full follpaperiod. For

example, all study subjects had a minimum CDS of 2.0 because they were using
oral antidiabetic drugs. For the timrarying Cox regression analyses, age was
collapsedmto 5year age groups, and the CDS was collapsed into quartiles. The
proportional hazards assumption was met for age at oral medication index, sex,

and CDS by comparing the hazard curves for each variable over time.

3.3 Results

There were 12,272 subjects tinagt the inclusion criteria and were
identified as new users of oral antidiabetic drugs from 1991 to 1996. From this
group, 1,963 (16.0%) subjects had less than one year drug therapy exposure
following the index date and were excluded. This left an itmmegohort of
10,309 subjects who used oral antidiabetic drugs for >1 year. The mean (SD)
duration of followup was 5.4 (1.9) years in the whole cohort.

We identified 6,969 metformin users (i.e. metformin monotherapy users or
combination therapy useraid 3,340 sulfonylurea monotherapy users. Among
metformin users, 5,740 (82.4%) patients eventually used a combination of
sulfonylurea and metformin therapy. There were 1,443 (14.0%) patients in the
whole cohort who had insulin added on to their oral theragimen, with 1,137
(16.3%) among metformin users and 306 (9.2%) among sulfonylurea
monotherapy users. The mean (SD) length of time before addition of insulin was
3.6 (2.2) years for metformin users and 2.4 (2.1) years for sulfonylurea
monotherapy user&ulfonylurea monotherapy users were significantly older and
were more likely to be male, while metformin users had a longer duration of
therapy and a higher CDS (Table 1). Overall mortality was also significantly
higher in the sulfonylurea monotherapy gpq25.5%) compared to the
metformin group (14.5%) (p<0.0001; Table 1).

There were 407 (3.9%) cancer deaths in the whole cohort throughout the
follow-up period, with 245 (3.5%) cancer deaths among metformin users and 162

(4.9%) cancer deaths in the sulftumga monotherapy group (Table 1). This
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translates to a cancer mortality rate (per 1,000 person years of-fghoef 6.3
for the metformin group and 9.7 for the sulfonylurea monotherapy group (Table
2). The unadjusted hazard ratio (HR) and 95% condéidémerval (CI) for cancer
mortality was 0.63 (95% CI: 0.920.77) for metformin users compared to those
on sulfonylurea monotherapy (p <0.0001), and 2.07 (04255, p=0.08), 2.57
(1.75D3.78; p<0.0001), and 4.10 (3.856.56; p<0.0001) for >0 to <33 to <12,
and>12 cumulative insulin dispensations per year, respectively, compared to
those not using insulin.

In multivariable Cox regression analyses, the adjusted HR for metformin
use was 0.80 (95% CI: 0.6580.98; p=0.03). The adjusted HRs (95% fol)
insulin use were 2.22 (0.995.00; p=0.05), 3.33 (2.284.89; p<0.0001), and
6.40 (4.6998.73; p<0.0001) for >0 to <33 to <12, an&12 cumulative insulin
dispensations per year, respectively, compared to those not exposed to insulin. We
observed consistent monotonic relationship between increasing age and an
increased hazard of cancer mortality. Male sex was also associated with a

significantly increased risk of cancer mortality, while CDS was not.

3.4  Discussion

Our results provide further suppdinat antidiabetic therapies may play a
role in the relationship between type 2 diabetes and cancer outcomes. In our
cohort of new users of oral medications (i.e. metformin or sulfonylureas) for type
2 diabetes, exposure to metformin therapy, relatiwitionylurea monotherapy,
was associated with a 20% reduction in cancer mortality (p=0.03), which can be
considered clinically important. The small number of cancer deaths (N=407) in

this particular cohort, however, limidghe power for this analysis.

The previously published casentrol study by Evans et al found very
similar results to ours, observing a 23% decreased risk of cancer in patients with
type 2 diabetes taking metformtompared to sulfonyluredSTheir results also
supported a doseesporse gradient, whereby patients with greater exposure to

metformin had a greater rection in the risk of cancéf
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We also observed a strong dassponse gradient for insulin exposure and
cancer mortality in this population. Compared to those not exposesulin
therapy, we observed a significantly increased risk of cancer mortality associated
with increases in cumulative exogenous insulin exposure. Specifically, we found
that subjects with >0 to <33 to <12, and12 cumulative insulin dispensations
per year after insulin index had adjusted HRs for cancer mortality of 2.22, 3.33,
and 6.40, respectively. These current resules)qlvith our previous stuchf
where we used a tirFfexed survival analysis and observed a 90% relative
increased risk of caec mortality among insulin users, add strength to the
evidence of association between exogenous insulin use and cancer mortality
among those with type 2 diabetes. To our knowledge, there is no research
available that has used a timarying approach in treanalyses when looking at
the relationship between insulin exposure in type 2 diabetes and cancer outcomes.
There is only one other study that has looked at the effect of cumulative insulin
exposure and ifidence of colorectal canc&f These authors abserved a
significantly increased risk of colorectal cancer associated with chronic insulin

therapy in type 2 diabetes, after adjugtior potential confounderd

The role of insulin in the relationship between type 2 diabetes and cancer
mortality issupported by a biologically plausible mechanism. Insulin is growth
hormone and is known to have arthrogenid aritogenic properties?*°
Specifically, it is suggested that hyperinsulinemia and elevated levels of insulin
like growth factor 1 (IGFL) promotes tumour cell growth in paints with type 2
diabete<™ Patients with type 2 diabetes are known to be hyperinsulinemic, at
least early in the course of their disease, and exogenous insulin therapy directly
increases circulating insulin levels. Acemt report from the Wisconsin
Epidemiologic Study of Diabetic Retinopathy cohort suggests that
hyperinsulinemia in patients with late onset diabetes is associated with increased
cardiovasalar morbidity and mortality In the multivariable regression mdsief
that study, exogenous insulin was also associated with a nonsignificant increased

risk of cardiovascular events.
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There are some limitations in our study. Firstly, as noted above, we had a
relatively small number of cancer deaths (N=407), therehtirignthe power for
our analyses, particularly with the point estimate for metformin use. Secondly,
since we used administrative data, we lacked information on potentially important
clinical covariates, such as smoking status, weight or body mass indé) (B
glycemic control (i.e. Alc levels), and alcohol consumption. These are all
potential confounders in the relationship between choice of drug therapy and
cancer mortality in patients with type 2 diabetes. Nonetheless, as edcinaur
previous analysi** we feel the relationships are robust to these excluded data,
particularly given the consistent results to those of others when such potential
confounders have beémcluded?** Finally, we looked at the outcome of cancer
mortality as opposed to cegr incidence, and there are many intervening events

which may determine the risk of cancer mortality.

On the other hand, we do feel there are several strengths in the present
study, particularly with the methodology. While we used a new user design for
assessing the association with oral antidiabetic therapy, there was likely a
substantial survival bias in our previous assessment of insulin use, where we used
a simple ime-fixed exposure variablé By applying the timevarying exposure
definition for irsulin use in this current analysis, we were able to obtain more
precise risk estimates, and refine our categories of insulin exposure by examining
the doseresponse gradient for insulin use. In this manner, we were able to
overcome some of the survival biand confounding by duration inket in our
previous result§* We do recognize the possibility of residual survival bias and
other unknown biases in our current research. Most importantly, however, by
using this timevarying methodology, our findingsqvide the first evidence of a
dosegradient for insulin exposure and cancer mortality in patients with type 2
diabetes. Confounding by indication may play a role in the-dosdient with
increasing insulin use being associated with greater level ofdlypemia, which
may be associated with cancer mortality, although we saw the risk estimates
increase when potential confounding variables were controlled for in the

multivariable regression models. Therefore, we believe the magnitude of the risk
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estimatedor the higher insulin exposure levels would likely exceed the strength

of any relationship between hyperglycemia alone and cancer mortality.

In conclusion, we provide additional evidence supporting previous reports
of a decreased risk of cancer outcomgsociated with metformin use. We also
provide preliminary evidence of a strong dossponse gradient for insulin
exposure and cancer mortality. A better understanding of the relationship between
type 2 diabetes and its treatments and cancer has mangantgmplications for
prevention and managentef both condition§*?4?* Therefore, until we have
more evidence of the effects of insulin on ldegm outcomes, we should be
cautious in earlier initiation and aggressiveness of insulin therapy in type 2
diabetes. Nonetheless, it will be helpful to confirm our results in a larger cohort
study, with a longer duration of followp, a nordiabetes control group, and

using cancer incidence as the outcome measure.
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Table3.1. Patient Characteristics Strad by Drug Exposure Group (N = 10309)

Metformin Users (Alone or in Sulfonylurea

Combination With Sulfonylurea Monotherapy Users

N 6,969 3,340
Age (Years)

Mean (Standard Deviation, SD) 61.8 (13.1) 66.9 (13.1)*

Median (Range) 62.3 (30.6105.3) 68.1 (3.0-100.2)
Men, (%) 3,727 (53.5%) 1,956 (58.6%)
Insulin Exposure, (%) 1,137 (16.3%) 306 (9.2%)
Duration of followup (Years), Mean (SD) 5.6 (1.9)* 5.0 (2.0)
Total Person Years of Followp 38,999 16,749
Chronic Disease Score, Mean (SD) 8.7 (4.2)* 84 (4.1)
Cancer Mortality, (%) 245 (3.5%) 162 (4.9%)
Overall Mortality, (%) 1,013 (14.5%) 852 (25.5%)

*P <0.0001 by test
P <0.0001 by Chsquare test
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Table3.2. Cancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) from-time

varying multivariableCox regression

Cancer Cancer Mortality
Total Deaths Rate Adjusted
N N (%) (/1000 RYT) HR (95% CI)

Oral Antidiabetics

Sulfonylurea Monotherapy 3,340 162 (4.9) 9.7 1.0”

Metformin Use 6,969 245 (3.5) 6.3 0.80 (0.6590.98)
Insulin Use (Inglin
Dispensations/Year)

No Insulin Use Ever 52131 323 (3.6) - 1.07

>0 to <3 400 6 - 2.22 (0.9995.00)

>3 10 <12 1543 29 - 3.33 (2.26D4.89)°

>12 1636 49 - 6.40 (4.6998.73)°
Age

<45 years old 1,050 3 (0.3%) 0.5 1.0

45-49.9 years old 794 6 (0.8%) 1.3 3.24 (0.81912.97)

50.0-54.9 years old 984 11 (1.1%) 2.0 5.22 (1.45918.75)

55.0-59.9 years old 1,105 33 (3.0%) 5.3 14.11 (4.3146.16)

60.0-64.9 years old 1,429 47 (3.3%) 5.8 14.96 (4.64D48.23)

65.0-69.9 years old 1,450 77 (5.3%) 9.5 27.29 (8.56086.98)°

70.0-74.9 years old 1,337 69 (5.2%) 9.6 27.84 (8.71989.02)°

75.0-79.9years old 1,056 82 (7.8%) 15.4 46.33 (14.59147.68f

80.0-84.9 years old 689 50 (7.3%) 16.2 52.24 (16.19169.02f

85.0-89.9 years old 309 22 (7.1%) 17.8 59.13 (17.59199.28)

>90.0 years old 106 7 (6.6%) 19.7 65.20 (16.740253.94)
Sex

Female 4,626 162 (3.5) 6.5 1.0

Male 5,683 245 (4.3) 8.0 1.50 (1.23D1.84)"
Comorbidity

CDS<6 3,181 102 (3.2) 6.0 1.0

CDS 78 2,210 84 (3.8) 7.0 0.92 (0.691.24)

CDS 911 2,513 103 (4.1) 7.5 0.92 (0.6991.21)

CDS>12 2,405 118 (4.9) 9.0 0.95 (0.72D1.24)

“Adjusted for dlother covariates in the tableReference category for hazard ratje<0.05 *Specific rates cannot be

estimated for insulin exposure categortes;ause of the timearying nature of exposure. Cancer deaths are

calculated based on the insulin category at the time of cancer death, and the total Ntisgkne each insulin

category;p<0.0001
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CHAPTER 4: INCREASED RISK OF CANCER MORTALITY
ASSOCIATED WITH EXOGENOUS INSULIN THERAPY FOR TYPE 2
DIABETES

4.1  Introduction

There is a substantial amount of evidence linking type 2 diabetes to
various types of cancer in the epidemiologic literature. Type 2 diabetes is
associated with an increased risk ofigaatic cancérendometrial cancét,
colorectal cancér breast canc@rbladder cancérliver cancef®, and overall
cancer mortality.On the other hangatients with type 2 diabetes have a
decreased risk of prostate canee a result of the pettive effect of lower
testosterone levels in men with diabefes.

The association between type 2 diabetes and cancer is biologically
plausible. Most patients with type 2 diabetes have the metabolic syndrome, which
is associated with insuliresistane and hyperinsulinemi4.Endogenous insulin
is considered to be a growiiomoting hormone with mitogenic effetisand in
fact, the hyperinsulinemia in type 2 diabetes may underlie the associations of
several risk factors for cancer, such as a hightwasumference and a high body
mass index (BML}**°

Type 2 diabetes is characterized by initial relative hepatic and peripheral
insulin resistance and compensatory hyperinsulinemia, followed by progressive
loss of betecell mass and a fabff of endog@ous insulin productioff. In
addition toinitially elevated levels of endogenous insulin, many patients with type
2 diabetesubsequently receivexogenous insulin for glycemic contdIThe
expectedhysiologic ortherapeutic effect of either endogesar exogenous
insulin is to interact with insulin receptors (IR) on the cell membrane to activate
glucose transporters for glucose uptake into the cell. There are also closely related
insulin-like growth factor receptors (IGER) on the cell, which areraajor factor
in the control of cell proliferatioff As such, insulidike growth factor (IGFL)
and IGF1R have been implicated in many canc@fBhe IGF1R is suppressed

by insulin; therefore, at higher concentrations of circulating insulin, such as in
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hyperinsulinemia, there are higher levels of circulating bioavailablellG¥hich
in turn stimulates cell growth:?° Therefore, it is suggested that
hyperinsulinemia, combined with elevated levels of insulin like growth factor
(IGF-1) in type 2 diabetepromotes tumour cell growffi?®

There is growing evidence for the role of antidiabetic therapies in the
relationship between type 2 diabetes and cancer outc8iidn.a previous
study,we found that timeéndependent exposure to sulfonylurea moatdpy,
which increases circulating insulin levels, was associated with a 30% increased
risk of cancer mortality, when compared to metformindsecidentally, we also
observed aubstantiallyincreased risk of cancer mortality associated with-time
independent exposure to insulin therapy (HR: 1.9, 95%Ck214 %’ Yang et al
found that exposure to exogenous insulin therapy for at least 1 year in type 2
diabetes was associated witkimilarly increased risk of colorectal carqHR:

2.1, 95%CI: 1.03L.42).% The authors also observed a strong desponse
gradient, whereby people exposed to higher levels of insulin therapy had a higher
risk of colorectal cancéf.

The objectives of the current studygre to explore the relationship
betweerexposure t@xogenousnsulin therapy in type 2 diabetes and cancer
mortality. To our knowledge, there are no studies that have looked at new insulin
users to assess the timaryingexposureof insulin therapy on cancer outcomes
in type 2 diabetes. We hypothesizedoseresponse gradient with insulin
exposure, where patients wititcreasingevels of exposure to insulin therapy

would have a higher risk of cancer mortality.

4.2  Methods
Study Design

The dataset used for this study has been previously described irf'detail.
Briefly, this was a populatichased retrospective cohort study, using the linkable
administrative databases (i.e. health registration file, outpatient prescription drug
file, hospital separation file, and vital statistics) of Saskatchewan Health, Canada

A cohort of new users of oral antidiabetic agents during January 1991 to
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December 1996 was identifiédPatients had to be at least 30 years old at oral
agent index (i.e. date of the first claim for oral agent therapy) and had to have
continuous drug ogerage for at least 1 year prior to the oral agent index date to
be included in the study. They also had to have a minimum of 1 year of drug
exposure after their oral index date.

Among this cohort, we identified new users of insulin therapy; all subjects
therefore had previous exposure to metformin, sulfonylurea, or their combination,
but no prior record of insulin use. For this analysis, all subjects were followed
prospectively from insulin index until death, termination of coverage (e.g.
departure from t province), or December 31, 1999. Patients with gestational
diabetes and Registered Indian status were excluded from the analysis. The
primary outcome measure for this study was cancer mortality, which was
determined from the cause of death on recortervital statistics file of
Saskatchewan Health.

Information available on metformin, sulfonylurea, and insulin use in the
outpatient prescription drug file included the date of dispensation and the total
number of dispensations throughout the fologvperod. The type of insulin or
the product dispensed (e.g., whether it was a 10mL vial or 3mL cartridge) were
not recorded in the drug file. However, regardless of the product dispensed, each
mL contains 100 units of insulin. Similarly, information on direx$ for
individual prescriptions (i.e. the number of times/day a person is taking

metformin or sulfonylurea) was not available.

Statistical Analyses

We performed Cox regression analysis to evaluate the relationship
between insulin therapy and cancer miagtaTime-varying exposure to insulin
therapy was calculated as the cumulative insulin exposure per one year time
window after insulin index. We first definedykar time windows, beginning
with insulin index date. A total count of the number of insdlspensations for
each lyear time window after insulin index was assessed. We then calculated the

cumulative sum of insulin dispensations for each one year time window after
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insulin index. The cumulative sum of insulin exposures was then divided by the
number of person years on insulin, to arrive at the-tramying cumulative

insulin exposure per one year time window for each subjeetstratified

cumulative insulin exposure per year into the following categories3d days of
insulin exposure, or <9 insulin dispensations/year (reference group), 2) 9 to <15
insulin dispensations/year, and>3)5 insulin dispensations/year.

Use of oral antidiabetic agents was classified at time of insulin index as
either metformin us (alone or in combination with sulfonylurea) or sulfonylurea
monotherapyCombination therapy included all patterns of addition of
sulfonylurea to metformin and vice ver3ame-varying exposure to metformin
was defined by use of that agent (i.e., dichaias yes/no exposure) within each
1 year time window after insulin index. We compared metformin users (i.e. alone
or in combination with sulfonylurea) to sulfonylurea monotherapy ussrause
of the small number of events in the metformin monotherapypgro

We also included the following potential confounding variables into the
Cox regression as tiriadependent variables: age at insulin index, sex, chronic
disease score (CDS), and duration of oral therapy prior to start of insulin use. The
CDS uses pharacy dispensation information for specific drug classes to estimate
the burden of comorbidities, and has proven valid in predicting hospitalization,
health resource utilization, and mortafiy?° The CDS is the sum of all chronic
diseases identified fromrug therapies over the full followp period. For the Cox
regression analyses, age at insulin index, CDS, and duration of oral therapy prior
to start of insulin use were collapsed into quartiles. The proportional hazards
assumption was met for age atuhis index, sex, CDS, and duration of oral
therapy prior to start of insulin use by comparing the hazard curves for each
variable over time.

Finally, in a sensitivity analysis, we repeated the above Cox regression
model including only those subjects whalle least one year of exposure to

insulin after insulin index.

50



4.3 Results

There were 10,308ubjects identified as new users of oral antidiabetic
agents during the study periddAmong this cohortweidentified thesutsetof
1,443patients that wersubgquentlynew users of insulinT@ble ). The mean
(standard deviation, SD) duration of insulin use for the whole cohort was 2.5 (2.0)
years and the mean (SD) age at insulin index was 63.0 (14.7). Th®mBan
CDS for the whole cohort was 9.2 (4.5) and 54&te men. Among our new
insulin users, there were 1,137 (78.8%) metformin users (i.e. metformin
monotherapy users or combination therapy users) and 306 (21.2%) sulfonylurea
monotherapy users. Among the metformin usétsme of insulin staythere
were 1,058 (93.1%) patients on a combination of metformin and sulfonylurea
therapy.The mean (SD) duration of oral agent use prior to insulin index was 3.4
(2.2) years.

There were 84 (5.8%) cancer deaths among the whole new insulin user
cohort throughouthe follow-up period.Theunadjustechazard ratio (HR) and
95% confidence irerval (Cl) for cancer mortality was 1.29 (0:Z4£6) and 2.04
(1.21-:3.46; p=0.008) for 9 to <1&nd>15 cumulative insulin dispensations per
year, respectively, compared to thegth <30 days of exposure to insulin or <9
cumulative insulirdispensations per year (reference group).

In multivariable Cox regreson analyses, the adjusted HRs (95% ClI) for
insulin use were 0.88 (0.311.51) andl.36(0.80D2.33 for 9 to <15 and&15
cumulative insulin dispensations per year, respectively, compared to those with
<30 days of exposure to insulin or <9 cumulative insulin dispensations per year
(reference group) (Tabl®). Metformn use was associated with a 41% decreased
risk of cancer rartality, although this was not statistically significant in this
cohort (adjusted HR: 0.59, 95%CI: 0-339).Increasing age and male segre
associated with a significantly increased hazard of cancer mortality.

In the sensitivity analysis restrictaalihsulin users with at least 1 year of
exposure tansulin (n=1,0T), wealso observed nonsignificantdose response
gradient with insulin exposure and cancer mortaétthough statistical power

remained limited (data not shown).
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4.4  Discussion

In this ohort of new insulin userf®r type 2 diabetesve observed a dose
response gradient féine unadjusted rislof cancer mortality with increasing
insulin exposure. However, after adjustment for important covariates, the risk
remained elevated only for thesvith the highest level of insulin exposure.
Specifically, we found that subjects with 9 to <aBd>15 cumulative insulin
dispensations/year after insulin index had adjusted HRs for cancer matality
0.88and1.36 respectively, compardd the reference group of individuals
treated with oral agents, bwith little or no exogenous insulin expasuWe
observed similar resultshenwe limited the analyses to individuals who had at
least 1 year of exposure to insulin therapynote,concurrenmetformin use was
associated witla 41% reductiolin cancer mortality, compared to sulfonylurea
monotheapy useDuration of oral therapy prior to start of insulin therapy was not
associated with cancer mortality.

There are several key strengths to the current research. Firstly, the
inception cohort of new insulin users in this study ensures that all {gadienat a
similar point in the course of their diabetes. Therefore, this minimizes the
confounding associated with both duration and severity of type 2 diabetes, and
any associated survival biases. The study by Yang et al did not use a new user
design fo insulin use, and the authors acknowledge that their observed
association may be due to a severity of diabetes rather than a true effect of
insulin?® Therefore, we can be more confidenbur observed association
between cancer mortality aesdogenousnsulin. We do acknowledge, however,
that there may be some residual survival bias and other unknown biases, which
may be present.

Another strength to this study is that we employed a-tiarging
approach when looking at the effects of antidiabetic thesafly using a time
varying approach for looking at the effects of insulin and oral antidiabetic
therapies, we were able to obtain a more precise estimate of effect compared to an

analysis which uses a tiniedependent approach. To our knowledge, ther@are
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studies which have assessed the taying effects of exogenous insulin therapy
on cancer outcomes in a cohort of new insulin users in type 2 diabetes. A final
strength is the accuracy and comprehensiveness of the linked Saskatchewan

Health databasewhich have been used in many studies of health outcomes in

type 2 diabetes.

On the other hand, there are some limitations to the present study. The
main limitation is the confounding by indicationhere the choice of antidiabetic
therapy was not based scandom assignment, but rather on clinical decisions by
the patient and treating physiciégince we used administrative data, we lacked
potentially important clinical information on variables such as body mass index
(BMI), smoking status, hemoglobin Alevels, and physical activity level. These
variables are all potential confounders in the relationship between choice of drug
therapy and cancer mortality in type 2 diabelmmetheless, as we noted in our
previous study/, we feel the relationships ambust to these excluded data,
particularly given the consistent results to those of others when such potential
confounders have been includ8d® Furthermorepur design of comparing high
to low exposure among new users of exogenous insulin reducésettmbd of
confounding by indication, as the decision to begin insulin therapy itself would
likely be the greatest confounder, rather than the actual amount of insulin
subsequently used.

Another limitation is the small number of cancer deaths in thisimgwin
user cohort, which limited the power of our analyses. We also lacked control for
the underlying risk of cancer in type 2 diabetes. Finally, we examined cancer
mortality as opposed to the more proximal outcome of cancer incidence. We do
recognizethat there are many intervening events which may alter the risk of
cancer mortality once a diagnosis of cancer has been established.

Nonethelesshese findings add evidence supporting previous reports of an
increased risk of cancer outcomes associatddexibgenous insulin therapy in
type 2 diabete$?®In a nested caseontrol study by Yang et al, the authors
observed evidence of an increased risk of colorectal cancer associated with longer

duration of insulin therapy, after adjusting for potentialfoanding variable$®
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Similarly, in a previous study, where we used a tintependent Cox analysis
and looked at new users of oral antidiabetic therapies, we observed a 90%
increased risk of cancer mortality associated with exogenous insulin therapy, afte
adjusting for ptential confounding variablé$ Importantly, however, those
previous analyses did not consider the twaeying nature of antidiabetic agent
use or increasing insulin exposure.

Our findings also support the proposition that insulin, BBHE their
receptors play an important role in progression of cancer. The biologically
plausible mechanism has lead to the suggestion of using drug therapies which
interact with these receptors as adjuvant therapy for breast éarer.
extension, thisame biologic plausibility should alert the diabetes community to
the risk of longterm adverse outcomes associated with treatments which affect
insulin concentration or action at the cellular levehe biologic mechanism
suggests that insulin is not mssarily causing the associated risk of cancer
mortality in type 2 diabetes; rather, it is more likely acceleratingptlicome.
Furthermore, recenarge randomizettials suggest aggressive glycemic control
is not without risk¥®® Therefore, ntil we have more evidence of the effects of
insulin onotherlong-term outcomeswve should be cautious in earlier initiation
and aggressiveness of insulin therapy in type 2 diabetes.

In conclusion, we observed an unadjusted d4esponse gradieffibr
insulinexposure and cancer mortality in type 2 diabeiéter adjustment for
important covariates, the increased risk of cancer mortality remained only for
those subjects with the highest use of exogenous indldimetheless, it will be
helpful to confirm ouresults in a larger cohort study, with a longer duration of
follow-up, a nordiabetes control group, and using cancer incidence as the

outcome measure.
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Table4.1. Patient Characteristics Among New Insulin Users (N = 1,443)

Insulin Users

N 1,443
Age at Insulin Index (Years)

Mean (Standard Deviation, SD) 63.0 (14.7)

Median (Range) 64.0 (30.9102.0)
Men, N (%) 729 (50.5)
Oral Agents Use at Insulin Index, N (%)

Sulfonylurea Monotherapy 306 (21.2%)

Metformin Use (Alone or in Combo SU) 1,137 (78.8%)
Duration of Oral Agent Use at Insulin Index, Mean (SI 3.4 (2.2)
Duration of Insulin Use (Years), Mean (SD) 2.5(2.0)
Total Person Years of Followp 3579.17
Chronic Disease Score, Mean (SD) 9.2 (4.5)
Cancer Mortality, N (%) 84 (5.8)
Overdl Mortality, N (%) 321 (22.2)
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Table 4.2. Cancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From-Time

Varying Multivariable Cox Regression

Total Cancer Deaths Cancer Mortality Rate Adjusted
N N (%) (/1000 RYT) HR (95% CI)

Insulin Use (Insth
Dispensations/Year)

<30 Days Exposure to Insulinor <9 1190.2 12 (5.4) - 1.0

9to <15 3399.5 29 (5.0) - 0.88 (0.51D1.51)

>15 3862.0 43 (6.7) - 1.36 (0.80D2.33)
Oral Antidiabetics

Sulfonylurea Monotherapy 1647.7 23 (7.5) 25.2 1.07

Metformin Use 6804.0 61 (5.4) 22.9 0.59 (0.331.09)
Age, Quatrtiles

<51.4 years old 359 4 (1.1%) 35 1.07

51.564.0 years old 359 17 (4.7%) 18.2 6.63 (2.19920.06)

64.1-74.5 years old 365 28 (7.7%) 31.8 13.00 (4.44938.09)

>74.6 years old 360 35 (9.7%) 55.3 24.78 (8.36D73.44)
Sex

Female 714 30 (4.2) 16.8 1.0"

Male 729 54 (7.4) 30.1 2.21 (1.40D3.49)
Comorbidity, Quartiles

CDS<5 326 22 (6.7) 22.9 1.0"

CDS 68 341 13 (3.8) 16.7 0.42 (0.2190.84)

CDS 911 340 24 (7.0 30.6 0.76 (0.4201.39)

CDS>12 435 25 (5.7) 23.6 0.52 (0.290.94f
Duration Oral Therapy Prior to Insulin,
Quartiles

<554 days 360 32(8.9) 21.7 1.07

5551166 days 361 21 (5.8) 21.0 0.62 (0.3591.08)

11671872 days 361 20 (5.5) 29.5 0.84(0.47D1.51)

>1873 days 360 11 (3.1) 25.6 0.53 (0.26D1.09)

“Adjusted for dlother covariates in the tableReference category for hazard ratjp=0.00% ®p=0.01, °p<0.05
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CHAPTER 5: DECREASED CANCER MORTALITY ASSOCIATED
WITH GLITAZONE USE IN TYPE 2 DIABETES

After successful completion and defense of this PhD Thesis, we were
made aware of a data quality issuattbertains speddally to the

dataset used for Chapter 5. This data quality issue requires further
investigation and analyses, that will take some time to res&esults from this
chapter should therefore not be quoted for future refer&ocdurther

clarification,contact the author or supervisor.

5.1 Introduction

Patients with type 2 diabetes have an increased risk of various types of
cancer and cancer mortality’ Evidence has accumulated supporting the
biologically plausible link between type 2 diabetes andeaautcomes, with the
most likely link being hyperinsulinemia and elevated levels of indikéangrowth
factor 1 (IGF1) in patients with type 2 diabetes, both of which promote tumour
cell growth!**®

There is also growing evidence for the moderatoig of antidiabetic
therapies in the relationship between type 2 diabetes and cancer outcomes. Given
the biologically plausible link between diabetes and cancer, drugs which reduce
insulin resistance, such as metformin and the glitazones, might reduisk thie
tumour development. Several observational studies have supported this
hypothesis for metformin use”*®There is also evidence supporting the use of
metformin as potential adjuvant therapy for breast caricer.

The glitazones, also known asaholidinediones (TZDs), are a newer
class of oral antidiabetic therapies that became widely available in the past
decade. The glitazones are peroxisome praliteactivated receptor gamma
(PPARYy) agonists that activate PPAReceptors, and reduce insulin resistance
by improving insulin sensitivity in the peripheral tissG&k.has been suggested
that the glitazones and PPAR signaling may play a role iretiidation of cancer

cell growth?! Specifically, PPAR agonists have been shown to inhibit cell growth
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by inhibiting microtubulin assembly and tubulin polymerization in the?¢éf.
Glitazones also activate AMprotein kinase, a downstream target forB K
which is known as a potent tumour suppre$$ot Thereforejn addition to being
a therapeutic option in type 2 diabetes, PPA&yonists are currently being
investigated as a novel therapeutic approach for cancer tre&fifiehihere are
currently two clinical trials underway to evaluate the role of pioglitazonthe
prevention or treatment of lung canéer.

Several recent epidemiologic studies have examined the association
between glitazone use and cancer incidence in people with type 2 diabetes.
Consistent with the proposed biologic mechanism, these stumlresgenerally
observed a reduced risk of cancers of the lung, prostate or’€6fdbne
populationbased study did observe a positive association between rosiglitazone
and cancer, although this was simply a crmestional associatiofl.

The two curretly marketed glitazones (pioglitazone and rosiglitazone)
became available in Canada in 2000, and are approved for use as second line
therapy in combination with, or in patients intolerant to, metforthithe
objectives of the current study were to explibre relationship between glitazones
and cancer mortality in type 2 diabetes. We hypothesized a decreased risk of
overall cancer and lung cancer mortality associated with glitazone use (in

combination with metformin) compared to people on sulfonylurea therepy.

5.2  Methods
Study Design

This was a retrospective, populatibased cohort study, using the
administrative databases of Saskatchewan Health, Canada. We used three
different datafiles for the purposes of these analyses: the health registration file,
the outpatient prescription drug file, and vital statistics. These datafiles are
linkable on personal health number, and provide demographic information,
prescription drug usage, and diagnostic codes for cause of death, respectively.
These databases indkiinformation on 99% of the residents in the province of

Saskatchewan, which has a population of approximately 1 mifion.

62



Individuals not covered by Saskatchewan Health include those with federally
funded health care, such as members of the Roysdian Mounted Police and
Canadian Force¥€.About 90% of the covered population is eligible for
prescription drug benefits. Those ineligible include the registered Indians who
receive prescription drug benefits through a federal progegtimncs approvator

this study was obtained from the Health Research Ethics Board at the University
of Alberta.

We identified a cohort of new users of metformin or sulfonylurea from
January 1, 2000 to December 31, 2005, using the computerized Saskatchewan
Prescription Dug Plan database. Patients were included if they: 1) were new
users of oral antidiabetic therapies, 2) had continuous drug coverage for at least 1
year prior to their index date, and 3) were at least 30 years of age on their index
date (i.e. the date ofeir first claim for an oral antidiabetic drug). New users of
oral antidiabetic drugs and insulin were identified as patients who had
prescription claims for sulfonylurea, metformin, glitazones, or insulin during the
index period of January 1, 20@@Decemler 31, 2005 and no prescription claims
for any antidiabetic agent for one year prior to the index date. Of note, this index
period coincided with when glitazones became available in Canada. We excluded
patients with gestational diabetes, and to ensureinggirug exposure, we also
excluded subjects who had less than 1 year of drug exposure following their index
date.

All study subjects were followed prospectively from their index date until
death, termination of coverage (e.g. departure from the prQyimcBecember
31, 2006, providing a maximum follewp of 7 years. The primary outcome
measure for this study was overall cancer mortality. As a secondary outcome
measure, we looked specifically at lung cancer mortality. We chose lung cancer
mortality because of the large number of deaths in this cancer subtype and
because of the recent clinical trials that are currently underway looking at
glitazones as possible lung cancer treatment and chemoprevéntibe.
outcome measures were determined as theriymag cause of death recorded in

the vital statistics file of Saskatchewan Health.
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The information available on oral antidiabetic therapy use in the outpatient
prescription drug file included the date of dispensation and the total number of
dispensatios throughout the followap period. The information available on
insulin use included the date of dispensation and total number of dispensations,
and the type of insulin (i.e. human biosynthetic or analog). For the purposes of

these analyses, all insulisers were grouped together.

Statistical Analyses

Descriptive analyses were stratified according to the drug exposure
category. Subjects were grouped into the following cohorts, according to oral
antidiabetic drug use over the full follewmp period, as: YIsulfonylurea
monotherapy users, 2) metformin and sulfonylurea combination users, 3)
metformin monotherapy users, and 4) metformin and glitazone users. The
metformin and sulfonylurea combination therapy users included all patterns of use
(i.e. addition ofsulfonylurea to metformin and vice versa). Under the
Saskatchewan Prescription Drug Plan, glitazones are approved for use only as
second line therapy and in combination with metforfiis such, the
metformin and glitazone therapy cohort included @lery small percentage of
subjects (<1%) who had sulfonylurea therapy dispensation at any point in the
index period. The sulfonylurea monotherapy cohort served as the reference group
in all analyses. Comparisons between drug exposure groups were evasiadged
analysis of variance (ANOVA) for continuous variables and Chi square tests for
categorical variables.

We performed a tim&arying Cox regression analysis to evaluate the
relationship between antidiabetic therapies and cancer mortality, using ttee abo
drug exposure groupdime-varying exposure to metformin, sulfonylurea, and
glitazones was defined by the use of that agent (i.e., dichotomous yes/no
exposure) within 1 year time windows after oral indéwr timevarying
exposure to insulin, we caleted the Ocumulative insulin exposure per yearO as
follows. First, a total count of the number of insulin dispensations for egehrl

time window after insulin index was assessed. We then calculated a cumulative
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sum of insulin dispensations up to thel @i each one year time window. The
cumulative sum of insulin exposures for each one year time window was then
divided by the number of person years a patient was on insulin up to the end of
the respective time window, to arrive at the timaeying Ocumutave insulin
exposure per yearO for each subject. For the purposes of the analyses, the
cumulative insulin exposure per year was stratified into the following categories:
1) No exposure to insulin (reference group), 2) <12 cumulative insulin
dispensationgkar, and B>12 cumulative insulin dispensations/year.

In addition to timevarying exposure to oral antidiabetic therapies (i.e.
metformin, sulfonylurea, and/or glitazone use) and insulin, we included the
following potential confounding variables intcetiCox regression as time
independent variables: age at oral medication index, sex, and chronic disease
score (CDS). The CDS uses pharmacy dispensation information for specific drug
classes to estimate the burden of comorbidities, and has proven vakdiictipg
hospitalization, health resource utilization, and mortdffThe CDS is the sum
of all chronic diseases identified from drug therapies over the full faljpw
period. For example, all study subjects had a minimum CDS of 2.0 because they
were sing oral antidiabetic drugs. Both age and the CDS were collapsed into
guartiles. Proportional hazards assumption was met for age, sex, and CDS by
comparing the hazard curves for each variable over time.

The same analytic approach was applied to the pyimaicome of overall
cancer mortality and for our secondary outcome of lung cancer mortality. As
noted above, our primary analyses were based on cohorts with a minimum of 1
year drug exposure after the index datea Bensitivity analysis, we repeated th
time-varying Cox regression including patients who had a minimum of 6 months
drug exposure following their index date. All analyses were completed using
SPSS 17.0 (SPSS Inc 2009, Chicago, lllinois).

53 Results

There were 20,448 subjects who met théusion criteria and were

identified as new users of oral antidiabetic therapies during the index period
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January 1, 2000 to December 31, 2005. From this group, 910 (4.5%) subjects had
less than one year drug therapy exposure following their index dateea@d w
excluded, leaving an inception cohort of 19,538 subjects who used oral
antidiabetic drugs for >1 year. The mean (SD) duration of fellpwas 3.6

(1.7) years in the whole cohort.

There were 1,331 (6.8%) sulfonylurea monotherapy users, 4,586 (23.5%)
sulfonylurea and metformin combination therapy users, 10,282 (52.6%)
metformin monotherapy users, and 3,339 (17.1%) metformin and glitazone
combination therapy users. There were 1,300 (6.7%) patients in the whole cohort
who had insulin added on to thenabtherapy regimen at some point during the
follow-up period. Sulfonylurea monotherapy users were significantly older, more
likely to be male, and had a higher CDS (Table 1). On the other hand, the
glitazone (plus metformin) cohort had a longer duratiotherapy and were more
likely to start insulin (Table 1).

Among the 1,581 total deaths in the whole cohort, there were 412 (26.1%)
overall cancer mortalities and 85 (5.4%) lung cancer mortalities across all drug
exposure groups throughout the follayw period. Overall cancer and lung cancer
mortality were highest in the sulfonylurea monotherapy group (4.6% and 1.3%,
respectively; p<0.0001) (Table 1).

The overall cancer mortality rate (per 1,000 person years of falfgw
was 11.8 in the sulfonylurea mohetapy group, 7.1 in the sulfonylurea and
metformin combination group, 5.4 in the metformin monotherapy group, and 2.8
in the metformin and glitazone group (Table 2). The unadjusted hazard ratio (HR)
and 95% confidence interval (ClI) for overall cancer aidyt was 0.53 (95% CI:
0.390.80) for glitazone (plus metformin) users compared to those on
sulfonylurea monotherapy (p=0.003). In multivariable Cox regression analyses,
the adjusted HR for overall cancer mortality was 0.74 (95% CI£0.49) for
glitazane (plus metformin) users. The adjusted HRs (95% CI) for insulin use were
1.67 (L.0ZER.72; p<0.05) and 6.89 (4.8®.71; p<0.0001) for <12 arxll2
cumulative insulin dispensations per year, respectively, compared to those not

exposed to insulin.
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The lung cancer mortality rate was highest in the sulfonylurea
monotherapy group (3.3 p&r000 person years of folleup). This is in
comparison to a rate of 0.5 per 1,000 person years of falfpim the glitazone
(plus metformin) group (Table 3). In multivariable Cox regression analyses, the
adjusted HR for glitazone (plus metformin) useesw.40 (95% CI: 0.11..07).

The adjusted HRs (95% CI) for insulin use were 2.37 %) and 5.07 (2.2
11.87; p<0.0001) fox12 and>12 cumulative insulin dispensations per year,
respectively, compared to those not exposed to insulin.

In a sensitivity analysis, we looked at patients who had a minimum of 6
months of drug exposure after oral index (N=19,915). Similar to ouapyim
analyses, sulfonylurea monotherapy users were older, more likely to be male, had
a higher CDS, and a higher overall cancer and lung cancer mortality. This is in
comparison to the glitazones (plus metformin) cohort, which was more likely to
start insulh and had a longer duration of follawp (Appendix A, Table Al).

Overall cancer mortality and lung cancer mortality continued to be lowest among
the glitazone (plus metformin) users (adjusted HR: 0.71, 95%CFE1004Band
adjusted HR: 0.47, 95% CI: 011917, respectively), compared to those on
sulfonylurea monotherapy (Table A2 and Table A3).

5.4  Discussion

In this retrospective populatidmsed cohort study of new users of oral
antidiabetic therapies, we observed a consistently decreased risk of cevecal
and lung cancer mortality associated with glitazone (plus metformin) use. While
the confidence intervals for the risk estimates are wide and cross 1.0, this is
largely an issue of statistical power, and we believe the consistency in the HR
provides further evidence supporting a moderating role for antidiabetic therapies
in the relationship between type 2 diabetes and cancer outcomes. These findings
are consistent with the proposed biologic mechanism that antidiabetic agents
which reduce insulin réstance, such as the glitazones and metformin, are thought
to reduce the risk of tumour development and progred&fmithough not

formally tested in analyses, the observation of a greater risk reduction when the
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two insulin sensitizers were used imdaination than when metformin was used
as monotherapy may be taken as further support of this hypothesis.

Our findings are in agreement with several other epidemiologic studies
that have looked at the effect of glitazones and cancer outcomes in type 2
diabetes. Lewis et al conducted three nested-cas&ol studies within a cohort
of patients with diabetes to examine the association between glitazones and risk of
colonic neoplasia. The authors found that glitazones were associated with a 27%
reduction in he risk of colonic neoplasf8.Similarly, another study, in male
patients 40 years or older diagnosed with diabetes, used-ddjpeadent Cox
regression to look at glitazones and the risk of lung, prostate, and colonZancer.
They found that glitazonesere associated with a significant 33% reduction in
the risk of lung cancer and a nonsignificant risk reduction for prostate and
colorectal cancers.A recent metanalysis of randomized clinical trials looking
at rosiglitazone and risk of cancer foundttiosiglitazone was associated with a
decreased risk of cancer, although this modification was not statistically
significant®® On the other hand, Koro et al observed a neutral effect of glitazones
on breast, colon, and prostate canéers.

However, thesstudies have several limitations. One key limitation is that
only one of these studies examined the effect of other antidiabetic therapies in
comparison to the glitazon&SAttention to specific combination of antidiabetic
therapies is important in ordey determine the relative harm or benefit of
glitazones. Another important limitation is a short folkaw, or exposure period
to glitazones, in order to properly attribute a protective effect or excess risk of
glitazones on cancer outconfd$’ Other stidies were limited to select patient
population§’, had relatively small sample siZésand were unable to control for
potential confounderS. The one observational study reporting a positive
association between rosiglitazone and cancer, has sevetahkations It was
a crosssectional analysis of interviewed subjects, and the authors acknowledge
that they lacked information on the time relation between onset of cancer and the
use of glitazones, as well as on the duration of treatffient.

There isonly one large randomized clinical trial in patients with type 2

68



diabetes that has looked at cancer risk as an outcome mé&dsuites study

patients were randomized to pioglitazone or placebo, which were added to their
ongoing antidiabetic therapieBhe authors concluded there was no difference in
the risk of cancer between the two grotp.However, this comparison of
pioglitazone versus placebo may have been confounded by use of other
antidiabetic agents that have also been associated with caricemes. At the

end of the followup period, there were significantly more people on metformin
and insulin in the placebo group than in the pioglitazone group. Since both insulin
and metformin have been independently associated with cancer outconmes, the
effect of these increases in drug use in the placebo group at the end of the follow
up period would make it more difficult to detect a difference in the risk of cancer
between the two groups. This draws further attention to the need of considering
conaurrent antidiabetic therapies, in establishing the relative effect of glitazones
on cancer outcomes.

There are several strengths in the current study. Firstly, the Saskatchewan
Health databases are known for their accuracy and comprehensiveness, which
havebeen used in numerous studies of health outcomes in type 2 diabetes.
Furthermore, we employed a new user design for oral antidiabetic therapy. This
ensures an inception cohort of individuals who are at a similar stage of diabetes,
and thus, minimizes pabte confounding associated with both duration and
severity of disease, and any associated survival biases. We also required patients
to have at least 1 year drug exposure, which ensured a minimum induction period
for exposure to antidiabetic therapy. r @ohort, patients on glitazone therapy
had a mean exposure of 1.2 years on the drug. Another key strength is that we
employed a timerarying Cox analysis to define drug exposures. By using a time
varying approach, we were able to obtain more precigaast of effect than
had we used the more traditional tifileed approach in our analys&s’ The
time-varying analysis also overcomes some survival bias and confounding by
duration that is present in studies which do not use this method8itgy.

This study also has some limitations. Firstly, we recognize that there is

likely a prescription bias, or confounding by indication. It is difficult in
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observational studies such as ours, which used an administrative dataset, to fully
account for the effect dafifferences in characteristics of patients when receiving
different therapeutic options. Since we used administrative data, we lacked info
on potentially important clinical variables, such as hemoglobin Alc, smoking
status, body mass index (BMI), and piegs$ activity level. These are all potential
confounders in the relationship between choice of drug therapy and cancer
mortality in type 2 diabetes. However, we feel that our findings are robust to these
excluded datagspecially given the consistent rdsub those of similar studies

when such potential confounders have been inclé&tfed

Another limitation is that our study had limited power in the dataset we
used to address this question. Despite being a populaged study, there was a
relativelysmall number of events in our analysis, also precluding us from looking
more closely at other cancer subtypes. Lung cancer mortality was the only
subtype we chose to examine more closely, as it had the largest number of events,
but also due to its clinicaklevance and ongoing controlled tri&iaVe also
lacked control for the underlying risk of diabetes (i.e. adiabetes control
group) in our study. It would be useful in future studies to have aliadretes
control group as the reference group. Hinale examined cancer mortality as
our outcome measure, as opposed to the more proximal outcome of cancer
incidence. There may lmany intervening events, which could possibly alter the
risk of cancer mortality once a diagnosis of cancer has been dstdblis
Nonetheless, as we have no reason to suspect that management of cancer would
differ based on exposure to antidiabetic therapies, it is likely that differences in
cancer mortality would be due to difference in the incidence or aggressiveness of
the cancer itself.

In summary, we observed a HR consistent with a decreased risk of cancer
mortality associated with glitazone and metformin use in a cohort of patients with
type 2 diabetes. We believe these findings add further support that antidiabetic
therapes may play a moderating role in the relationship between type 2 diabetes

and cancer outcomes. These observations require confirmation in larger
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prospective studies with adequate power to assess the incidence of various cancer

subtypes
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Table 5.1Patent Characteristics Stratified By Drug Exposure Group (N = 19,538)

Sulfonylurea

and Metformin

Sulfonylurea Metformin

Metformin and Glitazone

Monotherapy = Combination  Monotherapy Combination
N 1,331 4,586 10,282 3,339
Age at Oral Index (Years)

Mean (Sandard Deviation, SD)  68.3 (13.7) 61.3 (13.7) 60.6 (14.4)  57.5(12.7)
Median (Range) 70 (36107) 61 (3699) 61 (36102) 57 (3098)
Men, N (%) 767 (57.6) 2,629 (57.3) 5,260 (51.2) 1,838 (55.0)

Insulin Exposure, (%) 77 (5.8) 512 (11.2) 325 (3.2) 386 (11.6)
Duration of FollowUp (Years), 3.9(1.8) 4.2 (1.7 3.2(1.6) 4.2 (1.7¥

Mean (SD)

Total Person Years of Followp 5188.2 19329.0 32551.9 13995.4
Chronic Disease Score, Mean (S 6.1 (3.3¥ 5.6 (3.3) 5.7 (3.2) 5.6 (3.1)
Overall Cancer Mortitly, N (%) 61 (4.6) 137 (3.0) 175 (1.7) 39 (1.2)
Lung Cancer Mortality, N (%) 17 (1.3) 24 (0.5) 37 (0.4) 7 (0.2)

*P <0.0001 by ANOVA

P <0.0001 by Chsquare test



Table 5.2. OveralCancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From Twageying Multivariable

Cox Regression (N=19,538).

Total Overall Cancer Overall Cancer Mortality Adjusted
N Mortality N (%) Rate (/1000 PYr) HR (95% CI)

Oral Antidiabetics

Sulfonylurea Monotherapy 1,331 61 (4.6) 11.8 1.0

Sulfonylurea and Metformin 4,586 137 (3.0) 7.1 0.96 (0.761.30)

Metformin Monotherapy 10,282 175 (1.7) 54 0.81 (0.631.04)

Metformin and Glitazone 3,339 39 (1.2) 2.8 0.74 (0.491.12)
Insulin Use (Cumulative Insulin
Dispensations/Year)

No Insulin Use Ever 65,285 353 (19) - 1.0

<12 2,958 17 - 1.67 (1.022.72)

>12 2,821 42 - 6.89 (4.899.71}
Age

<51 years old 5,388 23 (0.4%) 1.1 1.0

52-61 years old 4,764 63 (1.3%) 3.6 3.26 (2.085.26)

62-72 years old 4,860 134 (2.8%) 75 6.63 (4.2410.38}

>73 years old 4526 192 (4.2%) 12.5 11.39 (7.3P17.74)
Sex

Female 9,044 163 (1.8) 5.0 1.0

Male 10,494 249 (2.4) 6.5 1.39 (1.141.70F
Comorbidity

CDS 02 4,489 68 (1.5) 3.9 1.0

CDS 35 5,841 112 (1.9) 5.2 1.08 (0.8@1.46)

CDS 68 5,784 124 (2.1) 6.0 1.03(0.7601.39)

CDS>9 3,424 108 (3.2) 9.4 1.38 (1.0P1.89)

"Adjusted for all other covariates in the tabl&pecific rates cannot be estimated for insulin exposure categories,

because of the timearying nature of exposure. Cancer deaths are calculated based msutimecategory at the

time of cancer death, and the total N is tihesk in each insulin categoryp<0.05 ap<0.0001°p:0.001
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Table5.3. Lung Cancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From TWagying Multivariable

Cox Regression (K19,538).

Total Lung Cancer Lung Cancer Mortality Adjusted
N Mortality N (%) Rate (/1000 P¥r) HR (95% CI)

Oral Antidiabetics

Sulfonylurea Monotherapy 1,331 17 (1.3) 3.3 1.0

Sulfonylurea and Metformin 4,586 24 (0.5) 1.2 0.69 (0.361.30)

Metformin Monotherapy 10,282 37 (0.4) 1.1 0.57 (0.340.95)"

Metformin and Glitazone 3,339 7 (0.2) 0.5 0.40 (0.151.07)
Insulin Use (Cumulative Insulin
Dispensations/Year)

No Insulin Use Ever 65,285 74 (0.4) - 1.0

<12 2,958 5 - 2.37 (0.955.92)

>12 2,821 6 - 5.07 (2.1711.87}
Age

<51 years old 5,388 5 (0.1%) 0.2 1.0

52-61 years old 4,764 13 (0.3%) 0.7 3.06 (1.088.62)"

62-72 years old 4,860 34 (0.7%) 1.9 7.54 (2.9919.55}

>73 years old 4,526 33 (0.7%) 2.2 8.65 (3.2822.72}
Sex

Female 9,044 31 (0.3) 0.9 1.0

Male 10,494 54 (0.5) 1.4 1.51 (0.9%2.37)
Comorbidity

CDS 02 4,489 16 (0.4) 0.9 1.0

CDS 35 5,841 23 (0.4) 1.1 0.98 (0.5P1.87)

CDS 68 5,784 23 (0.4) 1.1 0.86 (0.4B1.66)

CDS>9 3,424 23(0.7) 2.0 1.37 (0.7ER.66)

"Adjusted for all other covariates in the tgblep<0.05 Specific rates cannot be estimated for insulin exposure

categories, because of the thverying nature of exposure. Cancer deaths are calculated based on the insulin

category at the time ofaacer death, and the total N is timeisk in each insulin categor§p<0.0001
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

6.1 Summary of Research

Thefindings from this program of research provide further evidence of the
relationship betweeantidiabetic therapies and cancer outcomes in type 2
diabetes.Across the four separate analyses, we obseagegdypothesized, an
increased risk of cancer mortality associated with antidiabetic therapies that
increase circulating insulin levels (i.e. sulfonylureas and exogenous insulin) and a
decreased risk of cancer mortality associated with antidiabetic thethpte
reduce insulin resistance (i.e. metformin and glitazones). In addition, we observed
a doseresponse gradient for exogenous insulin use, whereby patients exposed to
higher levels of insulin therapy had a higher risk of cancer mortality. Our
conclusims of an association between antidiabetic therapies and cancer mortality
from this line of research are strengthened by the general agreement with other
epidemiologic studies examining these agéhémd the proposed biologic

mechanisms for antidiabeticdrapies and tumour cell growtt.

6.2  Significance of Research

From a public health perspective, the impact of the combination of type 2
diabetes and cancer is substantial. Both cancer and diabetes are chronic diseases
of a long duration, and are increagly prevalent in the general populatit5f?
The majority of the public health burden attributed to diabetes is a result of the
morbidity related to microvascular and macrovascular complications in this
patient population. The prevalence of cardiovaatdisease is significantly
higher in people with diabetes compared to those witifdvareover,
cardiovascular disease, including macrovascular complications of type 2 diabetes,
and cancer are two of the leading causes of death in C&tfAd@ereforethese
chronic diseaseglace a large economic burden on our health care system, and

significantlyimpact the dayto-day functioning of people with teeconditions®>
29
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We used advanced analytic techniques to answer our research question.
By using a tine-varying Cox regression to define drug exposures, we were able to
obtain more precise estimates of effect and minimize some of the survival biases
associated with using a tirfixed survival analysid®® Other research on this
topic has not used a tinvarying approach to define drug exposuli&s®
Furthermore, this line of research is the first to control for individual drug effects
separately. Previous research did not separate drug treatment groups, so it was
difficult to determine the relative has and benefits of the different drugs being
studied"®

Although it is still not widely known in the clinical communitiie
epidemiologic association between diabetes and cancer has been recognized for
some time. Thisine of research provides additidrevidencethat there might be
some therapeutic benefit associated aittidiabetic therapies that ameliorate
insulin resistancé.e. metformin and glitazonegklative to therapies which
increase circulating insulilevels (i.e. sulfonylureas and exoges insulin)

Given the two conditions that are being considered, this line of research
may have implications for the management of either cancer or diabetgste
recent evidence of the glitazones being investigated as chemopreventive agents
and metbrmin as an adjuvant therapy in breast cancer, it is unlikely that the
findings from this line of research will directly affect clinical practice in the field
of oncology*>*®*3*The findings from this line of research were not intended to
answer the quéisn of whether antidiabetic therapies will alter treatment
regimens in oncology. If anything, the conclusions herein are hypothesis
generating and will stimulate more research in the area of oncology. For example,
research by Goodwin et al examined theulm-lowering effects of metformin in
nondiabetic women with early breast cancer, postulating that if metformin reduces
insulin levels in women with breast cancer, it may also improve breast cancer
outcomes? Indeed, they found that metformin significgmeduced insulin levels
and improved insulin resistance in nondiabetic women with breast cancer, and the
authors recommend a phase Il randomized trial to evaluate the effects of

metformin on breast cancer outcomi&Similarly, biologic evidence of glizones
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reducing cell growth has sparked interest in the field of oncology, and there are
currently clinical trials underway examining pioglitazone in the prevention and
treatment of lung cancétHowever, additional research and consistent evidence
on this topic is required befe making strong statements regarding therapeutic
management in oncology.

On the other handyareness of theoderating role oéntidiabetic
therapies in the relationship betwaabetesand cancer outcoméss important
implicatons for prevention and managementype 2 diabetes. The 2008
Canadian Diabetes Association Clinical Practice Guidelines (CDA CPG) suggest
adjustment and addition of antihyperglycemic agents in order to attain a target
hemoglobin Alc level of 7.0% withi6 to 12 months of diagnosis of type 2
diabetes® Specifically, the guidelines suggest initiating patients with an Alc
<9.0% on metformiri’ It is recommended that patients with an ABc0% be
initiated on metformin concurrently with another agent from a different class, or
insulin3® By using metformin as the first line of therapy in patients with type 2
diabetes, the guidelines will drivied positive implications of this line of research.
However, in patients with marked hyperglycemia (i.e. A2®% ), the positive
impacts of using metformin may be outweighed by the negative impacts of adding
sulfonylureas or exogenous insulin therapy®the treatment regimen.
Therefore, as an extension of this program of research, perhaps we should focus
on managing patients with type 2 diabetes with metformin and glitazones, as a
means of attaining target Alc levels, and be cautious in the earligtionitand

aggressiveness of insulin therapy.

6.3 Limitations and Implications for Future Research

Although we were able to add to the growing evidence assessing the
moderating role of antidiabetic therapies in the relationship between type 2
diabetes and o&er mortality, there were a number of limitations to our line of
research that future studies could address. Firstly, since we used administrative
data for our observational cohort studies, we lacked information on several

potentially important clinical ariables, such as hemoglobin Alc, smoking status,
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body mass index (BMI), diet, alcohol intake, and physical activity level. These are
all potential confounders in the relationship between choice of drug therapy and
cancer mortality in people with type talletes. However, our results are consistent
with other studies that have included information on such clinical covahites
Nonetheless, it would be useful to have information on such clinical variables in

future studies, as a means to confirm anehsfthen our findings.

Another limitation is that we lacked control for the underlying risk of
diabetes on cancer outcomes, which would have been possible witidahetes
control group. It would be useful to have a fhabetes control group as the
reference group in order to more specifically see the relative harms and benefits of
different therapeutic options in type 2 diabetes. In our line of research, we
compared antidiabetic therapies to one another. Therefore, it was not entirely clear
whether theeffects we observed were related to a protective effect of metformin
and glitazone therapy or a toxic effect of sulfonylureas and exogenous insulin
therapy. By having a nediabetes control group as a reference group, we would be

able to more clearly ascain these effects.

In all of our analyses, the primary outcome of interest was overall cancer
mortality. Itwould be useful in future research to look at the more proximal
outcome of different types of cancer incidence, as opposed to cancer mortality
when assessing the effectsdifferentantidiabetic therapies. There mayrbany
intervening events, such stageor aggressiveness of the canaerdifferent types
of treatmentgor cancerwhich could peentially alter the risk of cancer mortality

once a diagnosis of cancer has been established.

Furthermore, althougbur outcome measure was overall cancer mortality,
the epidemiologic evidence examining the effect of antidiabetic therapies on
cancer outcomes has generally focused on one type of éariderese
observational studies of antidiabetic therapéesled to focusntheincidence of
colon, pancreatic, lung, and prostate candégngortunately, the administrative

data we used to address this line of resehachlimited power to addrespeific
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cancer outcomesDespite being a populatidmsed study, there was a relatively
small number of events in our analysibich precludedis from looking more

closely at different cancenortality subtypesThis limitation could be overcome in
futurestudies that are powered to specifically address the question of the effect of

antidiabetic therapies on the incidence of cancer.

Lastly, it would be worthwhile to look at the different types of insulin,
sulfonylureas, and glitazones when examining effe€antidiabetic therapies on
cancer outcomes. The mitogenic potency of the newly available insulin analogs
has received some attention in the literature. Insulin glargine, aaldigy insulin
analog, has the strongest mitogenic potency among insaiags when
compared to human synthetic insuifiTherefore, it would be interesting to look
at analog versus human biosynthetic insulin or{aating versus she#cting
insulin when exploring their effect on cancer outcomes. Given the evidence of an
increased risk of cancer with the sulfonylurea glibenclamide, it would also be
useful to look at the effects of all sulfonylureas separately (i.e. gliclazide,
glimepiride, glyburidef.We were unable to look at the effects of different
sulfonylureas, insulig, and glitazones in this line of research because the small
number of events in our studies precluded us from having more refined drug
exposure categories. Therefore, this is a subject that requires further attention and
larger populatiorbased epidemiotpic studies in different populations are needed

to answer these questions.

6.4 Conclusions

We observed an increased risk of cancer mortality associated with
antidiabetic therapies that increase circulating insulin levels (i.e. sulfonylureas
and exogenous infin) and a decreased risk of cancer mortality associated with
antidiabetic therapies that reduce insulin resistance (i.e. metformin and
glitazones). We also observed a dosgponse gradient for exogenous insulin use,

whereby patients exposed to highesels of insulin therapy had a higher risk of
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cancer mortality. Further research on this topic is required in larger population

based studies to confirm our findings.
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APPENDICES

Appendix A. Patient Characteristi€¢ratified By Drug Exposure Grog6 Months Drug

Exposure Excluded, N=19,915).

Sulfonylurea and

Metformin and

Sulfonylurea Metformin Metformin Glitazone

Monotherapy =~ Combination Monotherapy Combination
N 1,422 4,666 10,473 3,354
Age at Oral Index (Years)

Mean (Standard Deviation, SD) 68.7 (13.7) 61.4 (13.8) 60.8 (14.5) 57.6 (12.7)
Median (Range) 71 (306107) 61 (33100) 61 (30102) 57 (3098)
Men, N (%) 818 (57.5) 2,675 (57.3) 5,361(51.2) 1,846 (55.0)
Insulin Exposure, (%) 81 (5.7) 521 (11.2) 331 (3.2) 387 (11.5)
Duration of FollowUp (Years), 3.7 (1.9 4.2 (1.7 3.1(1.6) 4.2 (1.7

Mean (SD)

Total Person Years of Followp 5254.8 19390.3 32696.0 14007.7
Chronic Disease ScerMean (SD) 6.2 (3.4¥ 5.6 (3.3) 5.7 (3.2) 5.6 (3.1)
Cancer Mortality, N (%) 84 (5.9) 156 (3.3) 218 (2.1) 42 (1.3)
Lung Cancer Mortality, N (%) 20 (1.4) 27 (0.6) 46 (0.4) 8 (0.2)

*P <0.0001 by ANOVA
P <0.0001 by Chsquare test
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Appendix B.OverallCancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From Time

Varying Multivariable Cox Regressior& Months Drug Exposure Excluddds=19,915).

Total
N

Overall Cancer Overall Cancer Mortality
Rate (/2000 PYr)

Mortality N (%)

Adjusted
HR (95% Cl)

Oral Antidiabetics
Sulfonylurea Monotherapy 1,422
Sulfonylurea and Metformin 4,666

Metformin Monotherapy 10,473

Metformin and Glitazone 3,354
Insulin Use (Cumulative Insulin

Dispensations/Year)

No Insulin Use Ever 65,554
<12 2,962
>12 2,833
Age
<51 years old 5,435
52-61 years old 4,814
62-72 years old 4,928
>73 years old 4,738
Sex
Female 9,215
Male 10,700
Comorbidity
CDS 02 4,539
CDS 35 5,917
CDS 68 5,898
CDS>9 3,561

84 (5.9)
156 (3.3)
218 (2.1)
42 (1.3)

433 (2.3)
18
49

26 (0.5%)
72 (1.5%)
160 (3.2%)
242 (5.1%)

198 (2.1)
302 (2.8)

77 (1.7)
128 (2.2)
153 (2.6)
142 (4.0)

16.0
8.0
6.7
3.0

1.3
4.1
8.9
15.6

6.0
7.8

4.4
5.9
7.4
12.3

1.0
0.94 (0.721.24)
0.74 (0.590.93)
0.71 0.481.04)

1.0
1.61 (1.062.60¥
6.87 (4.949.54f

1.0
3.21 (2.085.04F
6.75 (4.4410.27§

11.82 (7.8P17.88f

1.0
1.41 (1.1PL1.68f

1.0
1.07 (0.8@1.42)
1.09 (0.8P1.44)

1.53 (1.182.04)"

"Adjusted for all other covariates in the tabl@<0.01; Specific rates cannot be estited for

insulin exposure categories, because of the-tiarging nature of exposure. Cancer deaths are

calculated based on the insulin category at the time of cancer death, and the total N is time at risk

in each insulin categoryp<0.05;"p<0.0001
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Appendix C. LungCancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From Time
Varying Multivariable Cox Regressior& Months Drug Exposure Excluddd=19,915).

Total Lung Cancer  Lung Cancer Mortality Adjusted

N Mortality N (%) Rate (/2000 PYr) HR (95% CI)

Oral Antidiabetics

Sulfonylurea Monotherapy 1,422 20 (1.4) 3.8 1.0

Sulfonylurea and Metformin 4,666 27 (0.6) 1.4 0.74 (0.411.34)

Metformin Monotherapy 10,473 46 (0.4) 1.4 0.60 (0.370.97)

Metformin and Glitazone 3,354 8 (0.2) 0.6 0.47 (0.191.17)
Insulin Use (Cumulative Insulin
Dispensations/Year)

No Insulin Use Ever 65,554 89 (0.5) - 1.0

<12 2,962 5 - 2.16 (0.875.38)

>12 2,833 7 - 4.66 (2.0010.84)
Age

<51 years old 5,435 5 (0.1%) 0.2 1.0

52-61 years old 4,814 16 (0.3%) 0.9 3.64 (1.3%0.98Y

62-72 years old 4,928 38 (0.8%) 2.1 8.02 (3.1720.61}

>73 years old 4,738 42 (0.9%) 2.7 10.13 (3.9826.17}
Sex

Female 9,215 37 (0.4) 1.1 1.0

Male 10,700 64 (0.6) 1.7 1.54 (1.082.32)"
Comorbidity

CDS 02 4,539 16 (0.4) 0.9 1.0

CDS 35 5,917 28 (0.5) 1.3 1.17 (0.682.18)

CDS 68 5,898 26 (0.4) 1.3 0.95 (0.5@1.79)

CDS>9 3,561 31(0.9) 2.7 1.78 (0.988.32)

"Adjusted for all other covariates in the tabl@<0.05; Specific rates cannot be estimated for
insulin exposure categories, because of the-tiarging nature of exposure. Cancer deaths are
calculated based on the insulin category at the time of cancer death, and the total N is time at

risk in each insulin categor§p<0.00017p=0.01
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Appendix D. Paent Characteristics for the Whole Coh8ttatified By Drug Exposure Group

(No Drug Exposures Excluded, N=20,448).

Sulfonylurea and

Metformin and

Sulfonylurea Metformin Metformin Glitazone

Monotherapy =~ Combination Monotherapy Combination
N 1,577 4,758 10,755 3,358
Age at Oral Index (Years)

Mean (Standard Deviation, SD) 69.3 (13.7) 61.7 (13.9) 61.1 (14.6) 57.6 (12.7)
Median (Range) 71 (306107) 62 (33100) 61 (30102) 57 (3098)
Men, N (%) 910 (57.7) 2,726 (57.3) 5,523 (51.4) 1,847 (55.0)
Insulin Exposure, (%) 90 (5.7) 533 (11.2) 349 (3.2) 387 (11.5)
Duration of FollowUp (Years), 3.4 (2.1) 4.1 (1.8¥ 3.0 (1.6) 4.2 (1.7

Mean (SD)

Total Person Years of Followp 5287.8 19412.0 32760.7 14008.7
Chronic Disease Score, Mean (S 6.4 (3.4¥ 5.7(3.4) 5.8 (3.3) 5.6 (3.1)
Cancer Mortality, N (%) 154 (9.8) 192 (4.0) 298 (2.8) 43 (1.3)
Lung Mortality, N (%) 27 (1.7) 38 (0.8) 67 (0.6) 8(0.2)

*P <0.0001 by ANOVA
P <0.0001 by Chsquare test
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Appendix E. OveralCancer Mortality and Adjustddazard Ratio (HR) (95% CI) From Time
Varying Multivariable Cox RegressioiN¢ Drug Exposures ExcludeN=20,448).

Total  Overall Cancer Overall Cancer Mortality Adjusted
N Mortality N (%) Rate (/2000 PYr) HR (95% CI)

Oral Antidiabetics

Sulfonylurea Monotherapy 1,577 154 (9.8) 29.1 1.0

Sulfonylurea and Metformin 4,758 192 (4.0) 9.9 0.78 (0.630.98)"

Metformin Monotherapy 10,755 298 (2.8) 9.1 0.56 (0.470.67)

Metformin and Glitazone 3,358 43 (1.3) 3.1 0.50 (0.350.72)
Insulin Use (Cumulatie Insulin
Dispensations/Yedt)

No Insulin Use Ever 65,666 600 (3.1) - 1.0

<12 2,963 18 - 1.39 (0.872.23)

>12 2,841 69 - 7.828 (5.429.77)
Age

<51 years old 5,474 35 (0.6%) 1.7 1.0

52-61 years old 4,871 98 (2.0%) 5.6 3.09 (2.1@4.55)

62-72 years old 5,046 218 (4.3%) 12.1 6.24 (4.3%8.96)

>73 years old 5,057 336 (6.6%) 21.6 10.32 (7.2814.75)
Sex

Female 9,442 270 (2.9) 8.2 1.0

Male 11,006 417 (3.8) 10.8 1.43 (1.281.67)
Comorbidity

CDS 02 4,595 91 (2.0) 5.2 1.0

CDS 35 6,016 166 (2.8) 7.7 1.17 (0.991.52)

CDS 68 6,060 209 (3.4) 10.1 1.25 (0.9%1.60)

CDS>9 3,777 221 (5.9) 19.0 1.96 (1.582.52)

"Adjusted for all other covariates in the tabl@<0.05; p<0.0001?Specific rates cannot be

estimated for insulin exposure categories, because of theséirpmg nature of exposure.

Cancer deaths are calculated based on the ir=atigory at the time of cancer death, and the

total N is time at risk in each insulin category.
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Appendix F. LungCancer Mortality and Adjusted Hazard Ratio (HR) (95% CI) From Time
Varying Multivariable Cox RegressioiN¢ Drug Exposures ExcludeN=20,448.

Total Lung Cancer Lung Cancer Mortality Adjusted
N Mortality N (%) Rate (/1000 P¥r) HR (95% ClI)

Oral Antidiabetics

Sulfonylurea Monotherapy 1,577 27 (1.7) 5.1 1.0

Sulfonylurea and Metformin 4,758 38 (0.8) 2.0 0.93 (0.571.54)

Metformin Morotherapy 10,755 67 (0.6) 2.0 0.65 (0.430.99)

Metformin and Glitazone 3,358 8 (0.2) 0.6 0.44 (0.181.07)
Insulin Use (Cumulative Insulin
Dispensations/Year)

No Insulin Use Ever 65,666 124 (0.6) 1.0

<12 2,963 5 1.82 (0.744.49)

>12 2,841 11 5.90 (2.9411.82}
Age

<45 years old 5,474 6 (0.1%) 0.3 1.0

45-49.9 years old 4,871 20 (0.4%) 1.1 3.73 (1.499.31f

50.054.9 years old 5,046 53 (1.1%) 2.9 9.03 (3.8421.21}

55.059.9 years old 5,057 61 (1.2%) 3.9 11.25 (4.7826.49}
Sex

Female 9,442 49 (0.5) 15 1.0

Male 11,006 91 (0.8) 2.4 1.69 (1.1€R.39f
Comorbidity

CDS<6 4,595 21 (0.5) 1.2 1.0

CDS 78 6,016 35 (0.6) 1.6 1.09 (0.681.89)

CDSs 911 6,060 31 (0.5) 15 0.83 (0.4¥1.46)

CDS>12 3,777 53 (1.4) 4.6 2.15 (1.2¥8.63f

"Adjusted for all other covariates in the tabl@<0.05; Specific rates cannot lestimated for
insulin exposure categories, because of the-tiarging nature of exposure. Cancer deaths are
calculated based on the insulin category at the time of cancer death, and the total N is time at

risk in each insulin categor§p<0.0001p<0.01
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